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FOREWORD 

The Coordinating Committee for Geoscience Programmes in East and Southeast Asia 
(CCOP) is an intergovernmental organization whose mission is to facilitate and co-ordinate 
the implementation of applied geoscience programmes in East and Southeast Asia in order to 
contribute to economic development and an improved quality of life within the region 

One of the contributions of CCOP in the East and Southeast Asia region is the 
publication of the technical proceedings of the CCOP Annual Session. Recently, CCOP has 
decided to hold a technical session during the Annual Session focused on a specific theme 
that will address certain scientific and strategic issues in the CCOP region. The thematic 
session will thus serve as a forum for exchanges on experiences and ideas among the Member 
Countries, Cooperating Countries and Organizations on the theme. 

For the 41st Annual Session held in Tsukuba, Japan, the CCOP Thematic Session is on 
"Geo-environment of Deltas and Groundwater Management in East and Southeast Asia"
and comprises 2 Sessions:  

Session 1:  Groundwater management - case study on supply and balance
of groundwater, and groundwater quality and quantity issues  

Session 2:  Environment and sustainability of deltas

A good understanding of nature and careful planning using all available information, 
and taking into consideration effects of human interference with nature are important for the 
sustainable development in our region.   These days, management of water resources, utilized 
not only for drinking, but also for agriculture and industrial purposes has become a hot issue 
in the world.   Over-pumping of groundwater causes many problems, such as the destruction 
of the groundwater aquifers, and land subsidence which will affect properties and people on 
the ground surface.  Deltas at the mouth of large rivers composed of deltaic fills is also very 
vulnerable to human intervention such as irrigation, agriculture, fisheries and human 
settlement.   There is need to address groundwater and deltas issues with a multi-disciplinary 
approach involving geology, ecology, engineering etc. 

In the thematic session, participants were able to share information, knowledge and 
experience through review of case studies and discussion of better solutions for sustainable 
groundwater and deltaic zone management based on multi-disciplinary experiences and 
approaches.

This 41st CCOP Annual Session Proceedings of the Thematic Session includes 
technical papers that we hope can help to address the above issues.

We would like to take this opportunity to express our appreciation to the authors for 
their contributions in the session and their active participation in the discussion. We would 
also like to thank the Permanent Representatives of CCOP Member Countries, 
Representatives of Cooperating Countries and Organizations and Honorary Advisors for their 
support and encouragement that led to the success of the session.

Chen Shick Pei 
Director
CCOP Technical Secretariat 
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Geo-environment and Sustainability of Deltas in China 

Qingcheng He 

China Institute for Geo-Environmental Monitoring (CIGEM) 
Beijing, China 

Abstract

In China there are a total of 129 rivers that drain into to the sea, most of which are 
located in the eastern coastal area. Many river deltas are urbanized or fully developed either by 
industry or agriculture. The three largest deltas—the Yellow River Delta (YRD), the 
Changjiang River (Yangtze River) Delta (CRD) and the Pearl River Delta (PRD) are well 
known, not only for their special geological environment but also for their economic 
development.  

The YRD covers an area of 7893 km2 and was formed during several changes of 
river-course since 1855. It contains the second gas field of China, the Shengli Gas Field. The 
CRD, on which Shanghai, Nanjing, Suzhou, Wuxi, Hangzhou, Ninbo are located, covers an 
area of 30,340 km2 and this area has contributed about 20% of the national GDP. The PRD, one 
of the most developed zones in China, covering an area of nearly 25,000 km2, is an industrial 
products base for exports. All of the three deltas are therefore very important to national 
economic growth. However, their sustainable development is being challenged by the 
geo-environmental conditions. The YRD is encountering coastline erosion, desertification, and 
salinization because the Yellow River carries less and less water and sediment. The CRD is 
experiencing land subsidence due to over-exploitation of groundwater. People in the PRD are 
faced with the problem of land surface deformation due to soft soil conditions. 

The geo-environmental issues, which impact on the sustainable development of the 
Deltas in China, will be the focus of this paper. 

Keywords:  Yellow River Delta (YRD), Changjiang River Delta (CRD), Pearl River Delta 
(PRD), geo-environment, sustainability, coastline change, land subsidence, land surface 
deformation, soft soil. 
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1. Introduction 

The three river deltas—the Yellow River Delta (YRD), the Changjiang (Yangtze) River 
Delta (CRD), and the Pearl River Delta (PRD) are the most famous and important deltas in 
China with  respect to their specific geological conditions and their role in economic 
development. The YRD with a current area of 7,893 km2 is still experiencing rapid growth at an 
average rate of 32.4 km2/a due to the huge sediment charge of the Yellow River. The Shengli 
Gas Field, the second largest gas field in China, is located here. The CRD covers an area of 
30,340 km2. It is the most populated area in China, and accounts for about 20% of the national 
GDP every year. The PRD has an area of 50,000 km2. As one of the first investment zones, 
opened in 1979, it has become the most developed zone in China, and is the major industrial 
products base for exports.

However, each of these deltas has encountered geo-environmental problems as the 
economy developed rapidly and the population increased. In the YRD, the problems include 
soil salinization, desertification and coastline regression caused by the drought of the YR. In 
the CRD, the predominant problem is land subsidence. In the PRD, the problems involve soft 
foundation conditions, slumping and sedimentation. 

 How to deal with these problems and to realize sustainable development in these deltas 
is a complicated process which requires great efforts not only from the government and experts 
but also from the general public. 

2. Geo-environment and Sustainability 

 2.1. The Yellow River Delta (YRD) 

The YRD, a river dominated type delta, lies in Dongying Municipality of Shandong 
Province. It is divided into three parts: the upper delta plain, the lower delta plain, and the 
submerged delta. The under reaches of the YR have changed course many times so that it 
formed the upper delta plain. The upper YRD plain can be taken as two systems; one is the 
recent delta, with Ninghai as the apex, formed since 1855; the other is the modern delta, with 
Yuwa as the apex, formed since 1934. Today the YR runs through between the two systems. 
The lower YRD plain, forming a belt, surrounding the upper YRD plain, was born by the 
land-marine interaction and is characterised by the coastal zone and wet lands. The submerged 
YRD is a shallow marine environment. A small part in the south belongs to the Yellow River 
fluvial plain and alluvial plain of the Luzhong hilly area (Figure 1-1).

However, in recent years, the industrial and agricultural development and population 
growth in the upper regions of the YR have required more water retention. Accompanied by a 
warmer climate and less precipitation, this has led to less and less water flowing to the lower 
reaches. In 1972 the lower reaches from Lijin to Hekou were dry for the first time. Since then 
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this phenomena appeared frequently. In the 1990’s the number of dry days increased 
progressively with 17, 28, 54, 74, 120, 127, 226 and 118 dry days from 1991 to 1998, 
respectively (Figures 1-2, 1-3 and 1-4) (Liu Yu Zhu, 1999).

The change of river regime is having a profound influence on sedimentation processes in the 
delta area, both on land and in the sea. Coastal erosion and desertification are already occurring 
over the delta with the exception of the river mouth proper (Qingcheng HE, 1999). 
Additionally, salinization and seawater intrusion are already hampering agriculture and 
affecting people’s living conditions and are likely to become more serious and widespread 
(Figures 1-5 and 1-6).

        

Figure 1-1.  Geology of the YRD 
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Figure 1-2.  Dried Riverbed in Kenli Section (after Lin Xueyu, 2004) 

Figure 1-3.  Dried Riverbed in Lijin Section (after Lin Xueyu, 2004) 

Figure 1-4.  The River Section in Hekou (after Lin Xueyu, 2004) 

        

Figure 1-5.  Erosion landform in North YRD Figure 1-6.  Tidal flat in North YRD 



Thematic Session: “Geo-environment of Delta and Groundwater Management in East and Southeast Asia”    9

To get a clear picture of the coastline change in the YRD, interpretation of satellite 
images (from 1986-2004) have been carried out. The YRD is divided into 3 areas for this 
analysis (Figure 1-7), including the Diaokou, Huanghe Harbor and Hekou areas. This division 
is based on the degree of erosion and Figures 1-8, 1-9 and 1-10 respectively show the coastline 
in the three areas.  

Figure 1-7.   Three areas for SI interpretation 

Figure 1-8.  Coastline change in the Dikou Area from 1986-2004 
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Figure 1-9.  Coastline Change in the Huanghe Harbor Area from 1986-2004 

Figure 1-10.  Coastline Change in the Hekou Area from 1986-2004 
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In the Diaokou area, the coastline began to regress from 1976 when the YR changed its 
course and no longer entered the sea from Diaokou Mouth. Since then the regression has 
continued. In the twenty years of 1976-1996, the eroded area amounted to 205.2 km2, and the 
coastal regression rate of the rapid erosion section from 1986-1996 reached 900 m/a, with 
300-400 m/a as the average. In 2004, erosion in the area calculated by remote sensing reached 
to 5.523 km2.

There are four factors that greatly affect the erosion process in north YRD. The first is 
the reduction of water and sediment that reaches the area. After 1976 there was no longer the 
way-out of the YR, thus there was little sediment settled on the coastline which consequently 
began to erode rapidly. The second factor relates to marine dynamics; waves, storm surges and 
tides take away a lot of sediments on the coast. The third relates to the engineering geology 
properties of the soil. Materials that make up the coast are loose silts and soft muddy soils that 
are very vulnerable to erosion. The last factor is anthropogenic activity, such as oil exploitation 
and over pumping of groundwater which, together with sea level rise, accelerate the erosion 
process.

Huanghe Harbor was established in 1985. In 1986, for the safety of the harbor, a levee 
was constructed on its left side. Unfortunately, this levee was destroyed a year later but was 
reconstructed. Since 1988, the coastline on the left side has been basically stable. In 1990, 
another levee was built on the right side of the harbor (Figure 1-11). This essentially controls 
coastal erosion in this area. 

Figure 1-11.  Levee constructed near the Huanghe Harbor 

From 1976 to 1981, after the outflow of the YR was established in 1976, there was no 
obvious sand spit in the Hekou area. In 1981-1984, however, the sand spit extended eastward at 
a rate of nearly 5 km/a, forming new land of 5 km2 every year. From 1985-1991, the land 
expanded steadily at the rate of about 2.4 km2/a.  In 1991-1996, the rate increased rapidly so 
that the average rate of new-land creation in the period 1985-1996 was 12.1 km2/a.  Since 1997, 
as the YR’s dry days increased, the speed of land expansion has slowed and in some severe 
years, with scarce precipitation, the erosion process appears in the area of the river mouth.  
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Various geologists and associated experts have attempted to build a model to describe 
the relations between the flux of the YR water passing Lijin Hydrology Station and the rate of 
formation of new-land, and also between the mass of sediment and the latter. Based on the data 
collected for water flux and sediment mass of the YR passing the station in the period 
1958-1998 together with the area of land  change, empirical linear relations were constructed as 
follows (Xu Jiongxin, 1999): 

Rd= 43.839 + 42.384lnQs                     (Equ. 1-1) 
Rd = 11.55 + 0.1505Qw                                   (Equ. 1-2) 
Rd = -17.94 + 3.1934Qs + 0.0856Qw        (Equ.1-3) 

Where Rd is the rate of land area growth in the YRD, 
Qs is the mass of sediment passing Lijin Hydrologic Station 
Qw is the volume of water passing the same station. 

Data for water and sediment flux from 1999-2003 indicate that the empirical model is 
valid in practice. It shows that when the sediment reaching the sea is less than 2.78 ×108 tons, 
the YRD would stop expanding and marine processes would be dominant. Erosion would be a 
potential threat to the oil production on land. So it should be a controlling condition that the 
sediment discharged into the sea is not less than 3×108 tons every year. It also indicates that 
when the volume of water reaching the sea is less than 76.7×108 m3, the YRD would be eroded 
so this should be another controlling condition for the YRD environmental management. Some 
other scientists, on the other hand, suggested that the water discharge should not be less than 
200×108 m3 as this can guarantee the land from erosion.  

Several suggestions are given here to help ensure the sustainable development of the 
YRD.

(1) Ensure that the water and sediment supply to the sea are not less than their minimum 
values discussed above in order to prevent coastal regression in the Hekou area. 

(2) Construct protective levee in areas of serious erosion (e.g. the Diaokou area). 
(3) Improve the efficiency of environmental management. Waste water and sewage must 

be disposed and meet the emission standards. Garbage and industrial wastes should be 
subjected to much more recycling.  

 2.2. The Changjiang River Delta (CRD) 

The CRD covers a total area of 30,340 km2 with an average elevation of 3-5 m, 1-2 m 
surrounding the Tai Lake and 6-8 m along the Changjiang River. Lakes distributed here 
comprise a giant network, which makes communication convenient. The climate is mild and 
humid and very suitable for human habitation. The CRD includes the whole area of Shanghai 
City, the southern part of Jiangsu Province, and the north-eastern part of Zhejiang Province 
(Figure 2-1). This region is highly urbanized and is one of the strongest economic regions in 
China, also as the sixth great city-agglomeration in the world. Statistics in 2002 shows that 
22.1% of GDP, 24.5% of fiscal revenue, and 28.5% total import-export volume of China are 
completed here, even though it constitutes only 2.2% of the national area. It is also the most 
populated area in China, supporting 10.4% of total population of China.



Thematic Session: “Geo-environment of Delta and Groundwater Management in East and Southeast Asia”    13

However, as the economy increases rapidly the conflict between the extensive 
development of land resources and the vulnerable geo-environment become increasingly 
striking. Such problems as land subsidence, ground fissure development and depletion of 
groundwater resources have brought negative impacts to this region and compromise 
sustainability for the future.

Amongst these geo-environmental problems, the principal is land subsidence. One 
third of this region has subsided cumulatively; more than 200 mm with 4,650 km2 having sunk 
by 200-600 mm, 1350 km2 by 0.6-1.0 m, 300 km2 by 1.0-1.4 m, 30 km2 by 1.4-1.8 m, and 
nearly 6.5 km2 by more than 1.8 m. The area of Suzhou, Wuxi and Changzhou, the urban area 
of Shanghai, and Jiaxing in Zhejiang province are the three centers of subsidence with maxima 
of 2.8 m, 2.63 m, and 0.82 m, respectively.  

Figure 2-1.  Map showing the Changjiang River Delta (CRD) area 
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Figure 2-2.  Damages caused by land subsidence 

Land subsidence in the CRD has caused heavy economic losses. Table 2-1  indicates 
the scale of such losses.  

Table 2-1.  Estimation of the economic losses in areas of land subsidence 

Area
Direct

Economic
Loss(in millions 

of RMB) 

Indirect
Economic

Loss(In millions 
of RMB) 

Gross Loss 
(In millions of 

RMB)

Shanghai 18938 275369 294307 

Suzhou 2614.5 26145 28759.5 

Wuxi 13906 
Jiangsu 

Province 
Changzhou 4206 

46871.5 

Zhejiang
Province Jiaxing 8500 

Total 349687.5 

Land subsidence in the region has several characteristics. The first one is that it 
develops in stages. Taking Shanghai as an example, it experienced the initial subsidence, then 
accelerating subsidence, then continuous (slow) subsidence or rebound, and then, again, 
accelerating subsidence. The subsiding area expands and the rate varies in different places. 
Table 2-2 summarizes subsidence in three areas. The second characteristic is that it develops 
differentially in space. For Shanghai City, subsidence in the downtown area is different from 
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that in suburbs. The subsidence rate in 1980-1995 in the downtown area was 7.9 mm/a, in the 
near suburbs it was 6.0 mm/a, and in the distant suburbs 4.1mm/a. The subsidence rate in 
1995-2001, however, was 21.5 mm/a, 13.9 mm/a, and 9.1 mm/a, respectively. The situation in 
major well fields and also in minor fields is similar. The last characteristic is that the 
compactable, unconsolidated layers showed variable deformation with depth and deep 
confined aquifers deformed the most (Table 2-3).

   Table 2-2.  Overview of subsidence development in Shanghai, Su-Xi-Chang (Suzhou, Wuxi  
    and Changzhou) area, and Hang-Jia-Hu (Hangzhou, Jiaxing and Huzhou) area 

Area Initial Stage Maximum 
Stage

Maximum 
cumulative
subsidence

(m)

Maximum rate 
(mm/a)

Area of 
subsidence

(km2)

Shanghai 1920’s Late 1950’s  and 
early 1960’s  

2.63 110 6000 

Su-Xi-Chang 1960’s mid 1980’s to 
early 1990’s  

1.80 109 5000 

Hang-Jia-Hu Same as 
above Same as above 0.82 42 4000 

Table 2-3.  Vertical deformation of intervals at different depth 

1980-1995 1996-2000 

Interval
Average 
thickness

(m)
Annual 
average 

deformation
rate

(mm/a)

Cumulative 
subsidence

(mm)
Contribution

%

Annual 
average 

deformation
rate

(mm/a)

Cumulative 
subsidence

(mm)
Contribution

(%) 

The 1st

soft soil 
layer

16 -1.24 -18.65 18.9 -3.61 -18.06 15.9 

The 2nd

soft soil 
layer

15 -0.72 -10.86 11.0 -1.34 -6.72 5.9 

The first 
confined
aquifer

23 -0.41 -6.20 6.3 -0.68 -3.40 3.0 

The 3rd

soil layer 30 -1.23 -18.47 18.7 -1.32 -6.62 5.8 

The 2nd

confined
aquifer

34 -0.18 -2.67 2.7 -1.09 -5.45 4.8 

The 3rd

confined
aquifer

40 -0.32 -4.82 4.9 -2.83 -14.14 12.4 

The 4th

confined
aquifer

87 -3.13 -31.90 32.3 -11.21 -56.06 49.3 

The 5th

confined
aquifer

78 -0.36 -5.33 5.4 -0.67 -3.33 2.93 
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There are several factors affecting land subsidence in this region. One is groundwater 
exploitation. Land subsidence develops continuously with groundwater withdrawal (Table 
2-4). It increases and expands as more groundwater is pumped. The annual subsidence varies 
with the fluctuation of the groundwater level. For instance, the cumulative value at the 
subsidence center in Jiaxing is linearly related to the groundwater extraction from the urban 
area and the extent of subsidence is an exponential function of the extraction. Another factor is 
construction in the urban area. The load of buildings has strongly affected subsidence in some 
parts of city. In the 1990’s it contributed 30% of subsidence in the urban area of Shanghai. 
Since 2000, observation has been made in four areas. Two of them are dominated by 
skyscrapers, one in the finance-trade area of Lujiazui, the other in the trade area of Xujiahui. 
The remaining two are Zhongyuan and Changqiao where high apartment buildings are densely 
distributed. Researchers compared the BVR (building volumetric rate) in different periods and 
its relation to land subsidence. They conclude that the building load is proportional to the 
building density and BVR given the same foundation type and the same geological conditions. 
Land subsidence grows with the increasing building load. Different foundation types cause 
unequal subsidence. For example, pile foundations can obviously reduce the land subsidence 
and the settling time. The final affecting factor is related to the inherent features of the 
underlying strata. Thickness, lithology, and vertical components of sedimentary layers 
combined with the recharge conditions of aquifers make land subsidence in every area different 
from each other.  

Table 2-4.  Comparison of Measured Subsidence and groundwater extraction in Shanghai 
Subsidence by Leveling 
measurement mm

Subsidence by bench-mark 
measurement mm

Groundwater extraction
millions m3Year 

Downtown Near suburb Downtown Near suburb Downtown Near suburb 
1991 7.6 6.8 6.24 5.58 129.52 24.93 
1992 13.8 12.7 6.70 6.84 137.40 26.91 
1993 10.7 5.9 6.81 7.46 141.35 22.42 
1994 8.8 14.8 10.04 13.38 149.34 23.78 
1995 12.8 10.5 9.44 11.43 148.96 25.18 
1996 22.4 10.2 10.08 15.74 150.99 22.48 
1997 26.3 23.55 12.32 15.45 141.48 19.24 
1998 18.1 13.2 11.43 17.21 124.79 15.38 
1999 25.2 22.7 10.74 13.77 103.66 15.13 
2000 13.8 14.5 11.02 13.76 90.42 12.63 
2001 22.6 17.0 12.47 10.12 81.24 11.53 
Total 182.1 151.8 107.29 130.74 1399.12 219.61 

Over one hundred years of groundwater extraction in the CRD, the vulnerable 
geo-environment, and large scale and high density urban construction have triggered the most 
extensive, longest lasting, and earliest recognized land subsidence in China.

Fortunately, some measures have been taken to control land subsidence in some cities 
and have achieved good results. For example, in Shanghai City the measures involve strong 
restriction on groundwater exploitation, artificial recharge to aquifers, and adjustment of 
pumping intervals and yields. Besides, the groundwater administration department of Shanghai 
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has managed to control the subsidence by adjusting the groundwater scenario through 
monitoring land subsidence and   subsidence prediction by mathematical modeling.  In the 35 
years from 1966 to 2000, the cumulative subsidence in downtown Shanghai is 222.96 mm, 
which is 13.36% of that from 1921-1964.  The annual average subsidence from 1966 was    
6.19 mm, only 16.32% of that for the previous 44 years.

What happened in Shanghai indicates that land subsidence control in the CRD can be 
realized by aquifer reconstructive measures, if a reasonable and scientific groundwater 
management plan is undertaken.  

 2.3. The Pearl River Delta (PRD) 

The PRD lies in south China with an area of nearly 25,000 km2. As a development zone 
first opened in 1979, the PRD is an intensely developed region in China and is the major base 
for exports of industrial products. It is one of the three great economic circles as well as the 
most crowded area. Urbanization in this region is very high (Table 3-1). Key cities, such as 
Guangzhou, the capital of Guangdong province, Shenzhen, Zhuhai, Foshan, Jiangmen, 
Zhongshan, Huizhou, Dongguan, and Zhaoqing are located on the PRD. Development of the 
PRD directly affects the economy of China. 

Table 3-1.  Change of the urbanization of key cities in the PRD with time  
                     (from the Statistics Department of Guangdong Province, 2001) 

Urbanization Degree %
Based on nonagricultural 

population census Based on town population censusCity

1990 2001 Increase The 4th

census
The 5th

census Increase

Guangzhou 57.4 72.0 14.6 69.4 83.8 14.4 

Shenzhen 62.6 82.4 19.8 64.9 92.5 27.6 

Zhuhai 43.6 69.9 26.3 61.3 85.5 24.2 

Foshan 34.9 43.9 9.0 33.5 75.1 41.6 

Jiagmen 26.5 37.7 11.2 27.3 47.1 19.8 

Zhongshan 24.3 31.7 7.4 - 60.8 - 

Huizhou 23.6 31.5 7.9 29.8 51.7 21.9 

Dongguan 23.4 26.2 2.8 - 60.0 - 

Zhaoqing 15.2 24.1 8.9 17.7 32.5 14.8 

According to the urban plans of the individual cities, by 2010 the area of towns will 
exceed 10,000 km2 and the area for non-agricultural construction will grow to 15,000 km2. So 
at that time, 70% of flat areas in this region will become construction areas (Xie Shouhong, 
2003).
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However, soft soil is extensive in the PRD, especially in the flat area. Thanks to the 
unique geological and geographical origin, it is the softest soil reported in constructions of the 
whole country. The bearing capacity is low, the deformation by load is great, and the time 
effects are obvious. It is a hugely significant geo-environmental factor that can hamper urban 
construction in the future. Accordingly, research on the impacts of soft soil on urban 
construction has been implemented. The distribution of soft soil in this region is surveyed as 
well as the land surface deformation. Figure 3-1 is the map of the distribution of soft soil in the 
PRD economic area.  Table 3-2 shows the soft soil area in the key cities.  

Figure 3-1.  Map of distribution of soft soil in the PRD economic area 

Table 3-2. The area of soft soil in the key cities 

Distribution area of soft soil km2

City
5m 5~10m 10~20m 20~30m 30~40m >40m Total

Rank

Foshan 640.06 513.41 445.22 32.99   1631.69 1 

Jiangmen 723.37 334.29 309.50 86.58 36.75  1490.50 2 

Guangzhou 632.24 210.59 370.41 160.64 27.81 0.78 1402.46 3 
Zhongshan 158.02 261.93 460.34 157.65 65.68 20.00 1123.61 4 

Zhuhai 189.25 144.36 170.67 172.55 117.77 18.08 812.70 5 
Dongguan 234.47 193.43 141.32 12.24   581.47 6 
Zhaoqing 305.40 148.82 15.13 1.08   470.42 7 
Huizhou 267.53 5.71 10.67 0.00   283.92 8 
Shenzhen 126.67 33.46 7.46 4.94   172.52 9 

Total 3227.01 1846.00 1930.72 628.67 248.01 38.86 7969.29  
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Soft soil mainly introduces the problem of land surface deformation. Such deformation 
negatively affects not only the safety of industrial and civil constructions, but also hydraulic 
engineering (including levees or dikes), power and water supply networks, and the drainage 
system. Figures 3-2, 3-3 and 3-4 respectively, show undesirable impacts on the aspects 
mentioned above. This type of geo-hazard has caused huge economic losses.  Table 3-3
illustrates only a part of such losses.  

1.7m

House Damaged by Land Deformation in PRD

Figure 3-2.  Houses damaged by land deformation 

Road Deformation in Road Deformation in ZhongshanZhongshan CityCity

Comparison of Road Deformations in 1994 and 2003

1994 2003

Figure 3-3.  Road deformation in the PRD 
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Bridge Broken by Land Deformation

Figure 3-4.  Bridge broken by land deformation 

Table 3-3.  Statistics for partial direct economic loss by land surface deformation in key areas 

Subjected objects
Economic Loss

in millions 
RMB

Note

Buildings, squares and land 
surface 395 

Civil buildings 6 

Facilities for 
civil and 

commercial 
purpose 

Ancient watchtowers 2.3 

Roads and 
bridges 

Bridges, toll stations, gas 
stations, and highway surface 135 

Industrial and 
civil 

constructions, 
and surface 
engineering 

Hydraulic 
engineering 

Water gates, dikes, and 
channels 2.3

The loss of 
water supply and 
drainage system, 

power supply, 
and gas pipeline 

is excluded. 

Total 540.6  

The origin of land surface deformation is related to geology and engineering features of 
soft soil. Geological conditions involve the undulation of bedrock and the lithology, depth and 
thickness of the soft soil. The structure of soft soil generally appears like a sponge. The water 
content is so high that the soil body is close to saturated. The natural porosity is large, and the 
vertical permeability is low. It also displays a low bearing capacity, low cohesion and poor 
shearing resistance. Besides, human activities accelerate the deformation of the land surface. 
For example, the dynamic load along roads and the fast reclamation of land accelerate the 
occurrence of land surface deformation.  
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The pattern of land surface deformation differs from area to area. Figures 3-2 and 3-3
indicate the pattern in the construction area for industrial or civil purposes. The patterns along 
roads or bridges are of two types. One is the compound type along highways: it always appears 
as the roadbed subsides after construction and moves in a lateral direction under dynamic load, 
also longitudinal fracture of the road surface is accompanied by undulation. The other type is 
the transitional type at the joints between roads and bridges. Roads are often supported by earth 
fill and processed soft soil but bridges generally lie on hard bedrock through pile foundations. 
Under this condition, bridges are always stable but the roadbed at the joints tends to sink. That 
is why joints of roads and bridges are frequently displaced. In hydraulic engineering areas, the 
pattern of land surface deformation damage tends to be one of two types. One takes place along 
dikes if soft soil was not processed before construction and the dike was not reinforced. The 
other is where the foundation of hydraulic facilities subsides unevenly, which can lead to a 
serious failure of the hydraulic facilities.

How to control the deformation of land surface is a real challenge. On the macro-scale, 
it should be done during the city planning. In areas or places where muddy soft soil occurs 
extensively, an urban plan should at least evaluate the risk of land surface deformation to the 
economy and engineering. The risk evaluation should act as the base for the functional partition 
of the city and the arrangement of infrastructures. From the technical angle, basic research 
should go further to improve the accuracy of deformation prediction, including problems of 
structural models. Additionally, the systematic analysis of the origin of land surface 
deformation should be emphasized. Lastly, efforts should be taken to study reconstructive 
technology in order to mitigate as much economic loss as possible.  
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Groundwater Management in Indonesia 
Case Study: Groundwater Conservation in Jakarta, Bandung and Semarang 

A. Djumarma Wirakusumah and H. Danaryanto 
Directorate of Geological Environment and Mining Area 

Bandung, Indonesia 

1.  Introduction 

The main issue for groundwater management in Indonesia is the lack of natural 
groundwater and this situation is worsening due to the intensive abstraction needed to fulfill 
the increasing demand. Abstraction is intense in Jakarta, Bandung, Semarang, Surabaya, 
Denpasar, and industrial zones in Java Island. Both the quantity and quality of the resource 
are decreasing, and some dug wells have become either dry or contaminated.  

Decreasing groundwater infiltration capacity is caused by forest denudation and 
changing land-use in the groundwater recharge area. Reduction of groundwater within a basin 
can result in reduction of spring discharge and lowering of the groundwater table.

Lack of, or poor groundwater governance in a developing country like Indonesia may 
cause water crises as demonstrated at the 2nd World Water Forum in Den Haag. This has to be 
considered in the context of the increasing water demands of the community, industry, 
agriculture, and mining, all of which are factors in economic development.  

2.  Basics of Groundwater Management 

The legal aspects of groundwater management in Indonesia are as follows: 

a. Water has to be protected and managed for community welfare usage
(1945 Constitution, section 33, sub-section 3).

b. An adequate and clean groundwater supply has to be developed
(People’s Advisory Assembly Statement). 

c. Groundwater management is based on groundwater basins  
(Act No. 7, year 2004 about Water Resource).  

d. Management of groundwater is a Ministry responsibility
(Ministry of Energy and Mineral Resources Regulation, No. 1451.K/10/MEM/2000). 

3.  Procedure of Groundwater Management 

Groundwater management procedure includes the compilation of an inventory of 
resources and their conservation; procedures that have to be followed and adopted in order to 
promote community welfare. 

Procedures of groundwater management in Indonesia should conform to the 
following:

Groundwater management is based on the conservation principle, 
Groundwater management is appropriate to the particular groundwater basin, 
Groundwater management must be integrated with overall water resources management, 
Drinking water is the priority for exploitation, 
Groundwater management must be planned rather than ad hoc, 
Groundwater management should be monitored and evaluated.
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4. Policy for an Inventory and Information System for Groundwater  
 Resources 

4.1.  Management of the Groundwater Information System 

The Groundwater Information System comprises an accessible groundwater 
information network spread across and managed by many individual institutions. 

Data and information managed in the groundwater information system are as follows: 
a. Groundwater inventories; 
b. Groundwater conservation; 
c. Groundwater efficiency; 
d. Groundwater surveillance (monitoring) and control; 
e. Groundwater permissions; 
f. Groundwater management policy. 

Data and information from the information system can be accessed and used by 
community.

4.2.  Groundwater Inventories 

Activities under this heading comprise the following: 
Groundwater mapping including distribution and extent of aquifers, aquifer 
productivity and condition.
Investigation and study of groundwater environment and groundwater quality. 
Groundwater data acquired through exploration and geophysical survey.

The results of evaluation and completion of groundwater inventories should include 
groundwater basin dimensions and configuration, aquifer parameters, and groundwater 
potential.

   
5.   Policy of Groundwater Conservation 

5.1.  Background 

Groundwater conservation involves managing the optimal exploitation of the 
groundwater resource within a basin without any negative impacts on the environment or on 
the groundwater resource itself.  The resource should be sustainable for future generation’s 
use.

Groundwater is a renewable natural resource with rainfall as the main source of 
groundwater recharge, but not all of the rainfall replenishes the aquifer, depending on the 
area’s hydrology, land-use, and anthropogenic factors. Groundwater conservation therefore is 
not based solely on rates of exploitation.

5.2.  Strategy of Groundwater Conservation 

A strategy for groundwater conservation must include protection and conservation of 
both water and soil, protection of recharge areas within each basin, and reforestation of the 
infiltration area. 
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The strategy aims can be listed as follows: 
Preservation of the groundwater resource by more efficient management; 
Balancing supply and demand; 
Basing groundwater development on the 21 Agenda of life environmental 

 development; 
Protection of groundwater quality by good management;   
Prevention of groundwater pollution. 

5.3.   Activities of Groundwater Conservation 

The activities of conservation include groundwater preservation, protection, 
management and monitoring.  

6.   Policy of Groundwater Efficiency 

Groundwater efficiency is needed for the optimal planned exploitation of 
groundwater, considering its usage, development, and withdrawal. 

The policy involves: 
Groundwater efficiency planning that will increase the social economy whilst 
preserving the environment. Permitted groundwater supply should be based on its 
intended use and the basin conditions. 
A Groundwater Resource Information Network developed by Central 
Government, Province or Regency that can be used by institutions and others who 
need it. 
Preparation of adequate funding for groundwater resource management, 
conservation and preservation. 
Groundwater resource balancing based on hydrogeology, groundwater supply and 
demand, total resource and the administrative borders.

7.   Policy of Groundwater Permissions 

Digging, exploring, riprap, withdrawal and commercial exploitation of groundwater 
have to be subject to permission unless undertaken by public institutions that have a function 
in groundwater management, and in communities using the groundwater for their daily life. 
Local government controls the amount and duration of groundwater withdrawal. 
Permission must be issued for: 

1. Groundwater exploration; 
2. Groundwater drilling; 
3. Groundwater withdrawal; 
4. Spring withdrawal; 
5. Dewatering;
6. Groundwater commerce. 

8.   Guidance of Groundwater Management 

Standards and procedures for groundwater management are prepared by government 
as based on Act No. 22 (1999) and Government Regulation No. 25 (2000). 
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Groundwater standards that are published include: 
1. Hydrogeology Maps at the  scale of 1:250.000, 
2. Monitoring Wells, 
3. Monitoring Equipment, 
4. Production Well with debit 150 L/minute, 
5. Groundwater Reports, 
6. 27 groundwater guidance, criteria, and procedure instructions. 

9.  Case Studies in Indonesia 

 9.1.  Conservation of Groundwater in Bandung - Soreang Groundwater Basin  

The monitoring area administratively occupies Bandung City, Regency of Bandung, 
Sumedang, Arut and Cimahi City. Geographically, the area is located between 91.97.704-
92.55.149 North - South and 07.60.741 - 08.26.928 West - East UTM. 

Withdrawal of shallow groundwater is about 306 million m³/year. The withdrawal 
volume is smaller than the shallow groundwater recharge resulting from water balance 
calculation of 368.5 million m³/year. However the quantity and quality of the Bandung - 
Soreang groundwater Basin have to be considered. 

Groundwater withdrawal development is shown by the increase or decrease of 
borehole numbers and the groundwater withdrawal volume that generally is in direct 
relationship to industrial activity. The borehole distribution in the Bandung – Soreang Basin, 
is generally dense in industrial areas in South Cimahi, Dayeuhkolot, Bandung City, and 
Rancaekek. In 2004, groundwater abstraction is estimated as 58.5 million m³ taken from 
2.237 wells. Groundwater abstraction and number of wells show an improvement compared 
to the previous year’s data. 

Changes in the shallow groundwater surface are influenced by seasonal factors (e.g. 
rainfall) and the changing pattern of the groundwater table is not caused by groundwater 
abstraction.

The piezometric head of the middle aquifer is relatively shallow (1.20 – 12.48 m 
below soil surface). The piezometric head is positive in some places such as the plain area 
that is bounded with hilly areas, starting from Cisarua - Cicadas - Cilengkrang - Cileunyi - 
Cicalengka - south Majalaya - south Ciparay - Soreang. 

The piezometric head tends to decrease progressively at intensive withdrawal areas 
and forms a cone of depression of piezometric head in South Cimahi (maximum depth >100 
m), Dayeuhkolot (maximum depth 64.05 m below soil surface), Rancaekek - Cimanggung 
(maximum depth 72.51 m below soil surface), Majalaya (maximum depth 46 m below soil 
surface), and in some places in Bandung City (maximum depth 22.26 – 77.40 m below soil 
surface). Nowadays, the piezometric head condition shows a degradation with different 
velocity (0.01 – 6.26 m/year) compared to previous years 

The piezometric head of the deep aquifer is 24.98–99.54 m below soil surface and 
tends to decrease with velocity of 0.09 – 5.64 m/year compared the previous year. 
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Shallow groundwater in mountainous areas and areas far from settlement is good for 
drinking water. Shallow groundwater in settlement and industrial areas, and in the middle 
aquifer, cannot be used as drinking water. 

Control of groundwater withdrawal of Bandung-Soreang Basin can be divided into 5-
zones, as follows: 

Critical zone, covering Banjaran, Bojongsoang, Cimahi, Dayeuhkolot, Majalaya, and 
Rancaekek, and Bandung 

Vulnerable Zone, found around the critical zone, in  Cimahi, Dayeuhkolot, Majalaya, 
Rancaekek, Bandung and Ujungberung 

Safety zone extending into the unsafe zone where groundwater surface depth <40 m. 

Safety zone with low to rare aquifer productivity, found locally at hill tops or in 
compact and massive rock areas. 

Groundwater recharge area, found in hilly area with elevation >660 m down to basin 
point.

 9.2.  Conservation of Groundwater in Semarang – Demak Groundwater Basin 

The increase of Semarang residents of about 20.000 people/year causes the increasing 
consumption of clean water using for drinking water and for industry. Only 24% of this water 
is provided from rivers, while 76% is supplied from groundwater exploited by local residents 
and PDAM. The Semarang – Demak Basin is the productive groundwater source. 

Groundwater abstraction from the Semarang-Demak Basin has to be monitored at 
both monitoring and production wells in order to obtain data concerning the water table, 
piezometric head and water quality. 

The monitoring area administratively covers Semarang City, and Regency of 
Semarang, Demak, Kendal, Kudus, and Grobogan that are geographically located between 
109°44'20" - 110°23'02" and 6°22'14 - 7°19'36" with an area of 12,039 km². The number of 
residents in 2002 was 5,295,106 people requiring 154,616,920 m³/year of clean water, while 
PDAM production capacity was only 68,360,656 m³. 

Aquifer system of Semarang-Demak Basin is divided into 4-aquifer groups, as 
follows: 

1. Group of Quarter Sediment Aquifer, occupying the coastal plain area that consists 
of Garang Delta Sediment sub-group and Quarter Laut sub-group with 
groundwater flow of 4.46 million m³/year and an area of 38.2 km. 

2. Group of Damar Formation Aquifer (T = 14.4 – 105.41 m²/year) that is located at 
30-100 m below soil surface. Groundwater surface is >30.52 m below soil surface. 

3. Group of Volcanic Breccias Aquifer (T = 21.6 – 128.16 m²/day) that presents 
springs with debit <10L/sec. Groundwater surface is 25-34.5 m below soil surface. 

4. Group of Young Volcanic Production Aquifer (T = 23.76 - 741.6 m²/day) with 
aquifer depth of 20-80 m below soil surface. 
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The number of production wells has increased every year since 1900 (16 wells wit). 
The intensive abstraction causes depletion of piezometric head forming a cone of depression 
that will generate land subsidence. 

In the 70’s in Semarang, artesian water was found above the land surface; however, 
now, it has declined to 27.7 m below the land surface or about 26.7 m below sea level as 
found in the coastal area around Brangsong, Kaliwungu, Mangkang, Guntur, and Demak. 
Nowadays, a cone of depression has started to be seen in the Nolokerto area with piezometric 
head 31 m below sea level. Depletion of the piezometric head during 2000 was about 0.32-
17.50 m. 

A decrease in groundwater quality is indicated by the electrical conductivity (EC) and 
the chloride content. The electrical conductivity value in 2000 ranged from 11-150 
micromhos/cm² with an average of 40 micromhos/cm²; however, currently the EC has 
increased up to 450 to as much as 12,260 micromhos/cm² in some places. This very high 
degradation is caused by well construction. The increasing chloride value starts from 5-161 
mg/L with from 1,802-7,107 mg/L caused by construction damage. 

Groundwater conservation requires that the six groundwater zones should be 
classified as follows: 

Zone-I as a critical zone, land subsidence is being caused by intensive groundwater 
withdrawal.

Zone-as is a vulnerable zone, groundwater withdrawal should be by making new 
boreholes at aquifer depth 30-90m below land surface with a maximum debit 60 
m³/day.

Zone-III as safety zone-1, groundwater withdrawal by industry is permitted with 
maximum debit 150 m³/day and aquifer depth of >30 m below soil surface. 

Zone-IV as safety zone-2, maximum withdrawal 200 m³/day. 

Zone-V as safety zone-3, as fresh water source for domestic usage. 

Zone-VI as safety zone-4, aquifer with low productivity and brackish or salty water. 

 9.3.  Groundwater Conservation in Jakarta 

The investigation area covers Jakarta, regency of Bogor, Tangerang, and Bekasi, 
inside the Jakarta Groundwater Basin between 106°30'-107°15' East Longitude and 06°00'-
6°45' South Latitude with an annual rainfall of 1,730 mm in Jakarta and 4,213 mm in Bogor. 

Topographically, it displays a plain morphology with a slope of 0-0.5% spreading 
from Tangerang in the west to Bekasi in the east. It consists of marine sediments of Miocene 
and Quaternary age (unconsolidated material) underlain by Tertiary rocks. 

Groundwater abstraction has increased from 1998 to 2004. In 1998, the total 
abstraction by industry was 16.8 million m³ and in 2004 it was 22.64 million m³.   
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The brackish (salty) groundwater zone is extending as follows: 
a. Unconfined aquifer system (< 40 m), the distribution of the brackish zone displays 

a relatively similar pattern except shifting of 3 km between Kemayoran and 
Tambun Rawarengas heading to the coastline. 

b. Upper confined aquifer system (40-140 m) shows no spreading line change except 
shifting in Grogol and Bojongkaratan towards the coastline. 

c. Lower confined aquifer system, shifting by 6 km from Kapok Southwest, heading 
to Cengkareng. 

There are indications of land subsidence of more than 70 cm in North and Central 
Jakarta and more than 50 cm in East Jakarta. The degradation factor is not yet known, but the 
technical geology model supports the hypothesis that groundwater withdrawal from the deep 
aquifer system is causing soil degradation. 

Groundwater conservation map is arranged as follows: 

Critical zone, covering Cengkareng area to Kapuk, and East Jakarta groundwater 
level 40 – 60 m below sea level. 

Vulnerable Zone, found around critical zone, in area Cengkareng and east Jakarta, 
groundwater level 10 – 40 m below sea level 

Safety Zone, extending within southern Jakarta with depth of groundwater level 
less than 10 m below sea level. 
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Paleoclimatology and Sea-level Changes of Mahakam Delta,  
East Kalimantan, Interpreted from Integrated Geological

and Geophysical Data 

D.A.S. Ranawijaya, E. Usman, Y. Noviadi and K.T.D. Susilohadi 

Marine Geological Institute of Indonesia 
Bandung, Indonesia 

Abstract

 The interpretation of the results of marine geological and geophysical investigations 
of the Mahakam delta indicates that variations in sedimentation intensity were controlled by 
sea-level changes due to global climatic variability.  There are three seismic record 
characteristics that indicate three sedimentation regimes. First, the record that shows 
progradation, second the record that shows retrogradation and a third that indicates stable sea-
level. There were four climatic events that controlled the sedimentation: A Holocene event 10 
k.a), a recent event since 5 k.a, an LGM event (1. k.a) and Stage 3 climatic variation.   

A 18O curve is used to compare with acquisition data. Progradation-retrogradation
control, such as transgression - regression is clearly a product of global climatic variability, 
with the modern morphology of deltas in the interglacial stage since 5. k.a 

1. Introduction 

The Marine Geological Investigation Project of the Marine Geological Institute of 
Indonesia (MGI) – The Ministry of Energy and Mineral Resources of Indonesia, conducted a 
geological and geophysical investigation in Mahakam Delta waters, East Kalimantan, in 
financial year 1999/2000.  The investigation was undertaken in August and September 1999, 
using the MGI’s research vessel Geomarin I. The study area is bounded by longitude 
117°00’00” – 118°30’00” E and latitude 00°00’00” – 01°00’00” S, located in Makasar Strait, 
in the East Kalimantan coastal zone (Figure 1).  

It lies in the Makasar Strait depositional basin with a north-south shallow current 
(Wyrtki, 1961, see Figure 2) and fluvial (west to east) sediment supply. But for the Mahakam 
Delta, field observations and coastline orientation clearly indicates that the energy of 
longshore currents is not as strong as fluvial energy. For this reason, Galloway (1975) 
designated a “Mahakam Delta Type” which is dominantly influenced only by fluvial supply 
and by tides (Figure 3).
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Figure 1.  The location of the study area and geological-geophysical survey 

Figure 2.  The North to South dominant yearly sea current at Makasar Strait (Wyrtki, 1961) 
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The geological history of Mahakam Delta is well known especially from the 
diagrammatic stratigraphic succession for south-east Kutai Basin described by Allen et al.
(1979). According to various authors who have observed this area (e.g. Allen et al., 1979; 
Katili, 1980), it can be concluded that the Kutai Basin was formed since the first 
transgression in the Paleogene Period. At that time conglomeratic sandstone intercalated with 
claystone were deposited and the source rock was the Mangkupa High. Subsequently, 
regression occurred in Neogene times with the first sedimentation in the delta during the 
Miocene epoch. A graben was formed during the Early Pliocene, facilitating the 
sedimentation of the Mangkupa Formation (Pliocene) comprising very fine clastic sediments 
of a shallow marine facies. The Beriun Formation, consisting of argillaceous sandstone and 
conglomerate, was deposited conformably above the Mangkupa Formation. The Beriun 
Formation represents a marine delta to marine bathyal facies. 

 In the early Oligocene, the first tectonic uplifting in the Kutai Basin occurred while 
the Kucing High was in the stage of reconstruction to become the western borderland of the 
basin. The second tectonism (Intra-Miocene) produced a system of folds and faults. Finally, 
in the Pliocene a third period of uplift occurred causing the structural pattern as seen today. 

 In the Mahakam Delta during the Quaternary period, eustatic sea-level change was the 
dominant influence on coastline migration in a relatively stable tectonic setting. The duration 
of each stage of sea level change was of the order of thousands of years. The variation in 
mean sea level indicates that there was variation of ice volume at the earth’s poles caused by 
global temperature changes. It is believed that the last lowest sea level occurred 18000 ((18 
k.a.) years ago and is known as the “last glacial maximum” (LGM)).  

Figure 3.  The triangle of delta types showing that Mahakam delta  
     is included in the ‘Mahakam Type’.
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2. Objectives and Methods 

In terms of sedimentology, deltas display very typical characteristics, which reflect a 
high rate of sedimentation. This is very important, when high resolution fluctuations are 
required as indicators of climatic change.  In such a scenario, small variations in land cover 
can cause a clear response that is recognizable in different sediment layers.  Therefore, the 
objective of this paper is to comprehensively analyze the geological and geophysical data 
from the point of view of sea-level changes and paleoclimatic variations. The record may be 
able to explain the variability since the last interglacial maximum, (LIM  120 k.a. B.P.) but 
mainly since the LGM (18 k.a. B.P.). In this way, it is aimed to demonstrate that the delta, as 
a land-sea transition sub-zone, can allow both local and climatic signals to be distinguished. 

 To achieve the objectives above, we used various field methods such as single 
channel shallow reflection seismic profiling, Simrad EA 300P sounding, GPS and 2 meter 
gravity corer for sea-floor surface sediment sampling. These methods variously provide a 
high resolution shallow seismic record (up to 200 meter thickness of unconsolidated 
sediment), bathymetric contouring, and surface sediment distribution based on grain size 
analysis using the Folk (1980) grain size triangle model. The track line of the survey is 
showed in Figure 1.

3. Modern Morphology of the Mahakam Delta 

 The components of modern Mahakam Delta morphology are summarized in the 
geometry of the delta plain, the bathymetry of delta front – pro-delta – basin plain (Figure 4),
top bed isopach (Figure 5) and surface sediment grain size distribution (Figure 6). These 
components are closely related to today’s climate through the derived climatic products such 
as the monsoonal cycle; El-Nino – La Nina variations, and oceanic circulation of monsoonal 
sea currents. According to the global climatic variability, today’s climate is a part of an 
interglacial stage since about 5 k.a. B.P. 

Figure 4.  Bathymetry of Modern Mahakam Delta Waters 



Thematic Session: “Geo-environment of Delta and Groundwater Management in East and Southeast Asia”   39 

The Mahakam delta plain, as showed on Figure 1, displays a deltaic alluvial fan of 
Mahakam Type (Galloway, 1975). According to the theory of estuarine formation, this 
geometry occurred since sea level began to rise and has an age of 6000 years which differs 
little from the start of interglaciation (5 k.a. B.P.). Allan et al (1979) concluded that there 
were several steps in the geometric development of the delta. The first step, which occurred 
at 7000 k.a. B.P., resulted in a triangular shape with a sand bar in front of the river mouth. 

Figure 5.  Isopach Contour of modern Mahakam Waters  

Figure 6.  Sea floor surface sediment distribution in modern Mahakam Delta Waters 
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 The second, 7000-6000 k.a. B.P., saw the beginning of distributary channels 
formation and the third step, from 5000 k.a. B.P., until recent times, was the development of 
the distributary channels and the alluvial fan delta as seen today.

 The current bathymetry of Mahakam Delta defines three plain subzones; up to a depth 
of 90 meters with a slight slope, from 90–1600 meters with steep slope, and 1600–2400 
meters which is quite flat. The interval of 90-1600 meters coincides with a north-south 
trending fault zone. In the central part (50-70 m) the contour configuration is seen to differ 
from elsewhere as here is situated an area of coral. Elsewhere the observed configuration of 
contour lines reflects two main factors: sediment supply and faulting in the basement. 

 The isopach distribution displays the same influences as the bathymetry and is 
determined by two main factors: sediment supply and the topography of the sedimentary 
basin. The reconstruction of top bed isopach contour is based on interpretation of the seismic 
record. The distribution shows that the thickness of the bed diminishes from 40 m at the delta 
front to just 5 meters at the pro delta. This indicates that that the main supplier of sediment is 
the Mahakam River even though there is also some supply by the annual monsoonal 
dominated sea current from the northern part of the Makasar Strait. 

 The grain sizes consist of only three fine fractions; the widest area, on the delta front 
and basin plain, is dominated by silt. Sandy silt locates on the pro-delta and on the slope of 
the fault zone. In addition, sand observed here is carbonate sand and mainly comes from 
coralline area in the west of the surveyed site. The defined limit between silt from the basin 
plain and sandy silt marks the border of dominant deltaic supply. This line is readily 
correlated as following the delta outer coastline arc. Carbonate sand or bioclastic sand within 
the sandy silt is associated with the site of a coralline area which is interpreted as having 
grown during the stage of the stable climate of the interglacial since 5 k.a. b.p.

4. Review of “ 18O – Sea-level Change” Correlation

 The quantity of stable oxygen isotope (18O) in sea water ( 18O) has for several 
decades been correlated by earth scientists with global sea-level (Shackleton, 1987; Duplessy, 
1982; Thompson, 1995; etc). And global sea-level variation is of course very dependent on 
polar ice volume variation. The first scientist, who concluded that ice volume variations were 
controlled by the changes in earth-sun distance, was Millutin Milankovitch (1930), the 
Serbian scientist. His conclusion is well-known as the “Milankovitch Phenomenon”. The 
variations of earth-sun distance causes fluctuation of earth surface temperature, and thereby 
climatic change, with a periodicity of thousands of years.

 Briefly, a more positive value of 18O indicates polar ice volume growth and lowering 
sea-level with the 18O value becoming more negative as the ice volume decreases and sea-
level rises. The stage of sea-level rise is called the interglaciation stage, and the reverse 
corresponds to a glaciation stage. The measured 18O curve variations that correlate with sea-
level changes require some corrections depending on the latitude such that differing 18O
curves correspond to the differing climatic zones of the world. Data from a particular zone 
can only be used to correlate with the curve for the same climatic zone.  

5. Data Interpretation

 From the single channel seismic record, several seismic lines that are considered to be 
representative for interpreting sea-level changes were selected. These are line 10 (L-10) 
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located at southern part of the study area (Figure 7), line 34 (L-34) at northeastern part 
(Figure 8) and line 42 that crosses from north to south in the middle-northern part of the map 
(Figure 9). L-10 is taken as the most complete in terms of the sediment beds that can be 
interpreted, L-34 indicates the fault zone at the eastern part and carbonate growth or, 
possibly, “halimeda” performances. The relief here is relatively high, and in the small basins 
layers of sediment fill are found. L-42 indicates sediment beds (A, B1) which can be 
correlated with the west-east tract lines.     

Figure 7.  Single reflection seismic record of the tract line 10 (L-10)  
     of Mahakam Delta Waters. 

Figure 8.  Single reflection seismic record of L-34 of Mahakam Delta 
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All the sediment beds in the study area can be correlated with global sea-level 
changes. In the study area, there are four sediment beds; from basement to the top these are 
B1, B2, B3 and B4. The sea-level change events can be correlated with 18O curve variations 
in the curve SHI-9022 taken from South Flores sea (11°35’44”S, 122°03’80”E) (Figure 10).
Four big climatic changes that can be recognized are: Recent interglaciation, Younger Dryas 
or Holocene, LGM and Interglacial Stage of Climatic Stage 3. The bed B4 is related to recent 
interglaciation, B3 is related to the Holocene event, B2 to LGM and B1 to Climatic Stage 3 
(ancient interglacial stage 3). 

Figure 10. 18O curve (solid line) from SHI-9022 compared with compiled curve  
                    (dashed line) as a global signal;  used for illustrating the global sea level  
                    changes for the

Figure 9.  Reflection seismic record of L-42 of Mahakam Delta 
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The climatic event B4 or recent interglaciation (since 5 k.a B.P.), is still operative and 
results in the supply of mainly fine sediment due to the modern morphology of the delta. This 
is quite normal sedimentation in the current environment and the duration of 5000 years is 
still quite not too long. This explains the relatively thin accumulation of sediment and the 
reflector characteristic seems fairly transparent. At line L-42 the above terrigenous sediment 
is absent because distance from the source increased due to sea-level rise. The absence of the 
same sediment in L-34 is due to the local topography of the basin. 

 The climatic event B3 or Holocene is well known to have had a sea-level some 30 
meters lower than today. Even though the sediment source was closer, the same reflector 
characteristics with B4 appear to indicate that fine sediment still prevailed. As with B4, B3 is 
not seen at L-42 and L-34, even though sea-level was lower. 

 Significant seismic reflector characteristics are seen at bed B2 because deposition 
coincided with the last extreme low sea-level until the –120 meters of the LGM. The 
reflectors are relatively very dark, perhaps due to coarser sediments with higher density. This 
can be interpreted as deposition close to a terrigenous sediment source. However, it is more 
difficult to explain the absence of B2 at L-34. This could be the result of the different activity 
of each distributary channel at that time (18 k.a B.P.), with only active sedimentation in the 
southern part of the delta. This may also be why at L-42; B2 exists only as a thin bed.

 At greater depths we have interpreted the beds until B1, but these are more difficult to 
be correlated with climatic stages. Bed B1, is correlated with Stage 3, though this stage is not 
as strong as stage 1 (recent interglacial) in respect of a higher sea-level. Nevertheless, a 
significant climatic stage event occurred before the LGM and this was the interglacial 
climatic Stage 3. At this time, the sea-level was still at a lower level. The seismic record 
characteristics are seen to be quite similar with B3. According to the well-known 18O curve, 
the sea-level was not too different from the climatic event of the Holocene. B1 clearly existed 
at L-34 and L-42 because at that time the topography of the sedimentary basin was favorable 
for deposition of sediments in this vicinity.      
    
 By contrast, the very top layer of bed B4 actually covers the entire sea floor surface 
and could be until a few meters. But based on the accurate resolution of this Sparker ray 
seismic device these layers are not clearly recorded, therefore in the line drawing 
interpretation we couldn’t distinguished the recent top layers. Thinness of these top layers is 
caused also by the questions of the distance between the source and sediment basin.     

6. Conclusion 

 Four climatic events effected sedimentation in the study area as interpreted from 
single channel seismic records, bathymetry, sea floor surface sediment distribution and 
isopach distribution. They are Recent Interglaciation since 5 k.a, Holocene (10 k.a), LGM (18 
k.a) and Interglacial climatic stage 3. Sea water medium, sea-level changes and the distance 
from sediment source to depositional environment, are three main factors that we can 
consider for explaining the sedimentary record in terms of the climatic events. In this, in an 
Indonesian context, the modern morphology of the Mahakam Delta is becoming the base for 
a model to be used as the key for the same climatic stages of the past. Except for the 
Holocene however, the stages corresponding to different climatic events require further 
study.
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Abstract

The major goal of this study is to develop the effective techniques for understanding 
the groundwater flow system in Korea. For this, the study has been carried out based on three 
main subjects: (1) the analysis of groundwater recharge; (2) the determination of groundwater 
flow characteristics and its residence time; and (3) the development of groundwater flow 
modeling. In the study of analysis of groundwater recharge, three numerical methods 
including water level fluctuation (WLF) method, infiltration method, and temperature method, 
as well as a stable isotopic technique have been developed. For the groundwater flow 
characterization and its residence time determination the environmental tracers of 3H/3He,
CFCs, and SF6 were investigated in groundwater in Jeju Island the pilot test site of this study. 
From this analysis the groundwaters are grouped by ages as less than 20 years, 20 to 30 years, 
and greater than 50 years. Some samples are in agreement in binary mixing of recent and old 
groundwater. In the study of groundwater flow modeling the modules for computer-aided 
model calibration and parameter estimation, optimization with stochastic and enhanced 
inverse approach, which could be integrated to MODFLOW-2000 codes have been developed. 

1.  Introduction 

Water resources play an important role for the economic development of a country. 
Korea has been classified as one of the water deficit countries by UN today and runs short of 
water resources for its economic development. It is not because of water deficiency to the 
sufficiency of water demand but because of an unfruitful scientific research work about the 
characterization of groundwater flow as well as a lack of recognition of our government and 
public about groundwater as a water resource. The goal of this study, therefore, is to develop 
the effective technologies of groundwater flow analysis and modeling suitable for our 
hydrogeologic environments in order to develop and manage the environment-friendly 
groundwater resources. For this, the project has been carried out based on three main subjects 
during 2001 to 2003: (1) the analysis of groundwater recharge; (2) the determination of 
groundwater flow characteristics and its residence time; and (3) the development of 
groundwater flow modeling. 

2. Analysis of Groundwater Recharge 

Estimation of groundwater recharge is one of the most critical issues in sustainable 
development and management of groundwater resources. Research has been geared to 
develop three numerical methods to evaluate groundwater recharge, such as the water level 
fluctuation (WLF) method, an infiltration model, and the temperature method, as well as to 
develop a stable isotopic technique.
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Firstly, based on the van Genuchten model, an analytical relationship between 
groundwater recharge and the water level rise is derived. The equation is used to analyze the 
effects of the depth to water level and the soil properties on the recharge estimate using the 
WLF method (Goes, 1999; Ketchum et al., 2000). A 2-D unconfined flow model with a time 
series of the recharge rate is developed. Simulations show that the WLF method 
underestimates recharge for observation wells near the discharge boundary (Figure 1). 
Simulations also reveal that the recharge is significantly underestimated with increase in the 
hydraulic conductivity and the recharge duration, and with decrease in the specific yield 
(Figure 2).  
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Figure 1.  A) The conceptual model and the finite difference grid used in the simulation.  
B) Simulated water level fluctuations: (a) OW-1, (b) OW-2, (c) OW-3, and (d) OW-4. 
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Figure 2.  The estimated recharge from the simulated water level fluctuation vs.  
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the real recharge:  (a) OW-1, (b) OW-2, (c) OW-3, and (d) OW-4. 
Secondly, an infiltration model is developed to quantify temporal variation of 

groundwater recharge using time series data of precipitation and pan evaporation. Based on 
the transient finite difference solution of Richards' equation, the model simulates flow 
features in the vadose zone such as infiltration, surface ponding, evaporation, and recharge 
(Figure 3). From numerical solutions obtained from a series of simulations, the linear 
relationships between precipitation and recharge are suggested for 3 different soil types. The 
analysis reveals that increase of the water table depth has little effects on the recharge 
estimates for the sandy soil, and it results in the increase of recharge by approximately 100 
mm/yr with a corresponding decrease in evaporation especially over shallow depth intervals 
of the loam and the silt (Figure 4).

Figure 3.  Schematic diagram of the developed precipitation recharge model  
(H: depth to water table) 
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Figure 4.  A) Pan evaporation data measured at the surface synoptic station of Daejeon  
(open circle) and the least squares sinusoidal curve.  

B) Simulated relationship between annual precipitation and recharge for 3 different soil types. 

Lastly, a numerical model is developed to simulate temperature variations of the 
subsurface under time varying groundwater recharge. The model utilizes MacCormack 
scheme for finite difference approximation of the partial differential equation describing the 
conductive and advective heat transport (Taniguchi and Sharma, 1993; Taniguchi, 1994). For 
the estimation of recharge rate, the optimization of the model is realized by searching for the 
unknown parameters which minimize the root-mean-square error between the simulated and 



 50   Thematic Session: “Geo-environment of Delta and Groundwater Management in East and Southeast Asia”

the measured temperatures. Simulation results for 22-year time series data of temperature 
measurements reveal that the proposed model can accurately simulate subsurface temperature 
variations resulting from the redistribution of the heat due to the movement of water and it 
can also estimate temporal variations of recharge. Seasonal variations of recharge and a linear 
relationship between precipitation and recharge are clearly reflected in the simulated results 
(Figure 5).  

In the stable isotopic technique for determining the groundwater recharge, 17 
lysimeters were installed at a test site of Jeju University in Jeju Island and the oxygen and 
hydrogen isotopic compositions of soil waters were monitored during November 2002 to 
November 2003 in order to study groundwater recharge characteristics of precipitation in 
unsaturated zones of temperate climates. The oxygen and hydrogen isotopic compositions of 
soil waters are found to clearly reflect those of precipitation of the study area. Based on d-
values of soil waters, the transit times of about 2 and 4-5 months are estimated for infiltration 
of water through the soil layer to depths of 30 cm and 60-80 cm, respectively. No or little 
evaporation effect is observed in the soil waters of the unsaturated zones of the study site. 

Figure 5.  Variations of the estimated parameters in response to precipitation:  
(a) the thermal diffusivity and (b) the parameter related to the flux of water. 

In order to monitor spatial and temporal distribution of stable isotopic composition of 
precipitation and to quantify the groundwater recharge rate (clark and Fritz, 1997), the 
oxygen and hydrogen isotope data of precipitation in Jeju Island have been monitored during 
September 2000 to December 2003 using two automatic collectors for individual 
precipitation, 15 collectors for monthly rainfall, and 9 snow collectors. Overall, the oxygen 
isotopic compositions of precipitation do not correlate with surface air temperature. However, 
the amount effect is observed in summer rains. The oxygen isotopic compositions decrease 
with increasing altitude, showing altitude effect. On the basis of monthly weighted means of 
precipitation, the north-side samples are isotopically more depleted in 18O than the south-side 
samples, probably resulting from a rain shadow effect. It is believed that the more depleted 
isotopic compositions of the north-side groundwaters relative to those at corresponding 
elevations in other sides are not the result of relatively fast rate of groundwater flow in north-
side. We consider that this isotopic difference is the cause of direct reflection of the original 
isotopic composition of precipitation recharged to groundwater.

Based on the weighted means of isotopic compositions of dry season and rainy season 
precipitations and average isotopic composition of groundwaters, the evapotranspiration rate 
in Jeju Island is estimated as about 20 %, much less than 33.7 % of previous works (Figure
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6). Air parcel back trajectory clearly shows that the moisture of winter precipitation in Jeju 
Island originates from Yellow Sea. Statistical study of IAEA/WMO precipitation data in the 
Northeast Asia reveals that costal regions show a distinct cyclic seasonal pattern in deuterium 
excess values, whereas temperature effect is getting clear toward inner continental region. 

                          A                                 B 

Figure 6.  A) Plot of D vs. 18O of dry season and rainy season precipitations. B) Estimating 
evapotranspiration rate using oxygen isotope data of precipitation and groundwater. 

3. Determination of Groundwater Flow Characteristics and  
 its Residence Time 

The environmental tracers of CFCs, 3H/3He, and SF6 (Plummer et al., 1993; 
Busenberg and Plummer, 2000) were investigated in groundwater in Jeju Island to estimate 
groundwater residence time and to characterize mixing of groundwaters with different ages. 
SF6 was introduced first in this study and the technique regarding application of the tracer 
was established. The input history for those environmental tracers was constructed for the 
study area. The analytical results are interpreted by the mathematical lumped parameter 
models and binary mixing model.  

From the analysis, the groundwaters are grouped by ages as less than 20 years, 20 to 
30 years, and greater than 50 years. Some samples are in agreement in binary mixing of 
recent and old groundwater. This is corresponding to the presence of two aquifers of upper 
basaltic aquifer and lower sedimentary aquifer (Figure 7).

                   A                          B                               C 

Figure 7. A) 3H input history in Jeju island, B) CFC-12 age distribution,  
C) Mixing model application to 3H and CFC-12. 
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4. Development of Groundwater Flow Modeling 

The study of groundwater flow modeling aims to develop the modules for computer-
aided model calibration and parameter estimation, optimization with stochastic and enhanced 
inverse approach, which could be integrated to MODFLOW-2000 codes (McDonald and 
Harbaugh, 1988; Hargaugh and McDonald, 1996; Harbaugh et al., 2000; Hill et al., 2000). 
For the inverse problem, the sequential self-calibration (SSC) model was developed, of which 
the master-point concept could reduce the amount of computation in multiple realization of 
permeability fields honoring different types of static and dynamic data (Figure 8). Artificial 
neural network modules were additionally developed on the basis of feed-forward and back-
propagation algorithms and tried for the applications of 3 specific cases. A regularized 
inversion algorithm was modulized and verified as well. For the expansion of availability in 
groundwater modeling, an unsaturated 2-phase FEM module, a pollute transport FEM 
module, and an inversion FEM module for parameter estimation were coded. The developed 
programs were verified in the analysis of groundwater flow behavior in the field-scale study 
(Figures 9 and 10). In the experimental study, a series of new apparatus system was 
constructed and fully verified on the measurement of hydraulic conductivity and porosity of 
unconsolidated or tight-rock core samples, which will be used as robust experimental tools 
for the detail understanding of flow regimes in the studied areas.  

5. Summary and Conclusions 

The analysis techniques developed in this study are the groundwater level fluctuations, 
the infiltration model, the temperature tracers, and the stable isotopic methods for the 
groundwater recharge, the environmental tracers using CFCs, 3H/3He, and SF6 for 
groundwater residence time, and the anisotropic/heterogeneous system and multi-variable 
inversion methods for groundwater flow modeling. They provide practical assessment of 
groundwater resources and also contribute optimal and sustainable development of 
groundwater. The stabilized conservation of uncontaminated groundwater resources 
significantly establishes principal groundwater policies as well as economic growth. 
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Figure 8.  Initial k field of SGS and results of k field of SSC inverse approach. 

Figure 9.  Head distribution. 

Figure 10.  Distribution of water saturation. 
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Extended Abstract 

 Detailed investigation and analyses are carried out to understand the hydrogeology 
and microbial diversity of groundwater aquifer system in 4 contaminated sites; 1) petroleum-
contaminated site; 2) municipal landfill area; 3) downstream area from sewage treatment 
facility; and 4) acid mine drainage site. These 4 areas are characterized with kerosene, 
gasoline and diesel spill site (1), leachate/mixed/pristine groundwater system (2), vertical 
consideration of stream water and contaminated groundwater (3), and seeping groundwater 
from abandoned coal mine (4), respectively.  

These 4 sites are investigated for the hydrogeochemical researches through in-situ 
casual determination, sampling procedure and/or normal laboratory analysis. Major, minor 
and trace components are analyzed, and the environmental isotopic analysis are conducted for 
the samples of leachates, the surrounding groundwater, and the mixed groundwater in 
municipal landfill site after closure of 10 years. Unique phenomena are revealed from the 
isotopic results: 13C values of DIC in leachates show from 16.5 to 21.2‰, which indicates 
very much enriched rather than those of the surrounding groundwater and even surface water. 
Simultaneously, deuterium enriched phenomena in leachates are also illustrated for deuterium 
exchange reaction with the produced methane during methanogenesis (Figure 1).

Figure 1.  Piper diagram shows the different hydrogeochemical characteristics of leachates, the 
surrounding groundwaters and river waters, respectively (left). D upward shifting 
(centre) and 13CDIC(‰) enrichment (right) due to methane production. 
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Microbial diversity in each contaminated and/or background sample of groundwater 
system based on the patterns of potential C source utilization: BIOLOG ECO plates stained 
tetrazolium with 31 different sole carbon sources to examine the microbial diversity of 
environmental samples have been widely used to clarify microbial communities. To compare 
the microbial community structures of contaminated groundwater with diesel and gasoline, 
each well of ECO Plate was inoculated with each sample. The optical density ( =595nm) of 
each well was determined every 24 hour PCA (principal component analysis) was performed 
in order to compare the similarities of microbial communities one another. PCA carried out 
on data sets resulting AWCD (average well color development) of measured OD. Using 
AWCD data which is the average OD value of color change, PCA analysis showed that the 
microbial community structures, such as between W-1 and BH-10, and among GW-3, GW-7, 
and GW-8 were most similar (in a case of 1st site). The OD values with 31 substrates showing 
the color change of ECO plate may not be enough to figure out the microbial diversity 
accurately. However, this technique can easily and quickly identify the spatial and temporal 
diversity of microbial community (Figure 2).

Figure 2.  The commercial BIOLOG ECO plate contains three replica wells of 31 carbon 
substrates, and each contained in a separate well to which a minimal growth medium 
and tetrazolium violet also are added. The redox dye turns purple in the presence of 
electron transfer, indicating the substrate has been utilized by an inoculated microbe. 

Bacterial community in various groundwater samples by PCR-DGGE fingerprinting 
method (Figure 3, Figure 4 and Figure 5): Recently, microorganisms involved in the 
degradation of organic compounds under specific conditions have been investigated using 
molecular microbial techniques. Since only a small fraction of extant microorganisms are 
amenable to culture, conventional culture-based methods have often failed to detect or 
identify a significant portion of microorganisms present within tested samples. However, the 
relatively recent advent of microbial community analysis based on the amplification of the 
16S r DNA gene, and techniques such as denaturing gel gradient electrophoresis (DGGE) 
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have provided researchers with a direct, cultivation-independent method for examining 
microorganism populations. You can find the example of the above-mentioned municipal 
landfill area. The similarities by band location are 26~39% between leachate contaminated 
and non-contaminated groundwaters, and 28~36% between leachate contaminated 
groundwater and raw leachate in a case of 2nd area. Also, the similarity of non-contaminated 
groundwater is 57% showing relatively high value, but the similarity with raw leachate is 
30%. The similarities by band intensity are 72~87% between leachate contaminated and non-
contaminated groundwaters. 

Figure 3.  Direct and cultivation-independent method to identify microorganisms  
     using denaturing gel gradient electrophoresis (DGGE). 

Figure 4.  Procedure of DNA extraction and amplification  
                                   (PCR: polymerase chain reaction). 
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 Figure 5.  Final stage of sequencing to identify the microorganism among  
         the accumulative existing dataset. 

 Additionally, to find any species of the meiofauna is now conducting in the above 
mentioned areas, but in fail. Bigger animal species than we do not expect are sometimes 
found in groundwater aquifer system, and these ones including microorganisms can help to 
show how the system can reach sustainable development and/or evolution. 
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Abstract

Examination of the Yeongsan River Estuary fill deposits was undertaken in order to 
identify paleoenvironmental changes within a terrestrial fluvial wetland of Korea. The 
research involved studies of several undisturbed sediment cores obtained from the Yeongsan 
River Estuary in the southwestern part of Korea. A standard stationary piston sampler was 
used for recovering about 20 m and 15 m lengths of core from sites ME1 and IL-2 
respectively. The sediments of the cores are differentiated by changes in sedimentary textures, 
palynomorph assemblages and AMS 14C ages.

Four paleoenvironmental phases are recognized in the MW-1 core and are designated 
Units A, B, C, and D respectively. Sediment Unit A (fluvial, from -20.00 ~ -19.49 m depth) is 
composed of coarse sand and pebbles. Sediment Unit B (levee & swamp, -19.49 ~ -15.23 m 
depth) is composed of homogeneous mud, interlayered and partly cross-laminated silt and 
mud, and massive sand. Abundant pollen fossils in Unit B include Abies, Picea and, most 
commonly, Pinus. Latifoliate trees are rare, but Cyperaceae and Gramineae are common. The 
algae Pseudoschizaea and Leiosphaeridia are also common in this Unit. Based on the pollen 
assemblage, the depositional environments of Unit B are interpreted as river terrace or natural 
levee and swamp environments influenced by cold and dry climatic conditions. Sediment 
Unit C (floodplain, -15.23 ~ -9.10 m in depth) mainly consists of paleosols comprising soft to 
firm, white to dark brown-mottled, clayey silt with minor sand layers. Plant root fragments 
are abundant. Pollens are scarce throughout but the freshwater algae Pseudoschizaea occurs 
sparsely. Unit C is interpreted as having accumulated in a floodplain environment and was 
subjected to intensive pedogenic processes. Sediment Unit D (estuarine, -9.10 ~ -1.30 m 
depth) is composed of homogeneous greenish grey mud, intensively bioturbated and 
containing some shell fragments. One variety of foraminifera, Ammonia beccarii var., occurs 
exclusively in the upper part (-2.20 ~ -1.30 m depth) of Unit D. This foraminifera is 
euryhaline, and inhabits shallow marine (less than 20 m) water depths. Unit D is 
palynologically productive and freshwater to brackish water algae are relatively abundant, 
along with oceanic dinoflagellates. Pteridophyte Laevigatosporites and grass pollen, 
represented by Chenopodiaceae, Cyperaceae, and Polygonaceae, occurthroughout. Quercus
are quantitatively the most important, and Betulaceae and Ulmaceae are also observed. Unit 
D is interpreted as originating in an estuarine environment under warm and humid conditions. 
The results of AMS 14C datings of sediment bulk samples from -6.65 m (Unit D), -7.24 m 
(Unit D), and -19.40 m (Unit B) are 6650 40, 6950 40, and 22190 1100 years B.P., 
respectively.
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Sediments from -7.98 ~ -5.41 m depth from the IL-2 core correspond to the Holocene. 
Results of AMS 14C dating of sediment bulk samples from -5.62, -6.54, -7.28, -7.93, and -
8.20 m depths are 3760 40, 4470 40, 5210 80, 10550 70, and 21550 190 years B.P., 
respectively. Analyses of pollen and stable carbon isotope compositions of the IL-2 core 
allow an interpretation of the climatic conditions prevailing during the early to middle 
Holocene. The geomorphological setting of IL-2 core is a lower clayey tidal flat developed 
around the present estuary, and the sediments of the IL-2 core are mainly composed of 
greenish gray clay. The sediment column can be divided into three parts according to the 
varying aspects of included shell fragments. Unit A of IL-2 (estuarine, -7.98 ~ -7.28 m depth) 
yields only Crassostrea gigas, although Unit B (estuarine, -7.28 ~ -6.54 m depth) contains 
Crassostrea gigas and Trapezium liratum simultaneously. No bivalve fossils are found in 
Unit C (estuarine, -6.54 ~ -5.41 m depth). Unit C produces a greatly increased number of 
Pinus pollen and this can be a criterion for concluding that the age of the boundary between 
Units B and C (-6.54 m depth) is around 4,500 years B.P. 

 The application of stable carbon isotopes is based on the different 13C composition of 
C3 and C4 plants and its preservation in soil organic matter. Plants discriminate against 13C
during photosynthesis because of differences in chemical and physical properties due to its 
heavier mass. C4 plants living in drastic climatic conditions show a mean 13C of -14 2 ,
whereas C3 plants, which prefer more temperate environments, present a mean 13C of -
26 2 . The variation of mean 13C values of leaves results from environmental changes 
that influence plant stomatal conductance. The 13C values from the IL-2 core range from -
24.6 to -21.8 , and the mean is -22.4 . This suggests that C3 plants prevailed through early 
to middle Holocene, and a small portion of C4 plants increase and decrease to some extent. 
The 13C values decrease to -24  within Unit A and B, and increase to -21  within Unit C. 
At a depth of -7.61 m (Unit A) 13C temporarily shows light value up to -22 , Pinus pollen 
increases and Chenopodiaceae decreases for a short while. Climatic degradation and forest 
regression can be presumed. The age of sediments at a depth of -7.61 m is estimated as 
around 8,000 years B.P. and is supposed to correspond approximately a to world-wide 
cooling event. 

In conclusion, estuarine sediment records of the MW-1 and IL-2 cores show 
important paleoenvironmental and paleoclimatic changes during the Latest Pleistocene and 
Holocene epochs. The deposits of the Yeongsan River Estuary can be differentiated by 
changes in sedimentary textures, palynomorph assemblages and regional pollen correlation, 
and AMS 14C dating. Particularly on the basis of AMS 14C chronology, three 
paleoenvironmental phases are recognized :  

(1) The latest Glacial deposits, consisting mainly of fluvial sediments and paleosols, 
experienced deposition alternating with pedogenesis. The appearence of the 
paleosols suggests that the climate might have been cold and humid. The 
boundary between the Holocene and Pleistocene can be traced from the borehole 
records, particularly by AMS 14C dating. It is assumed that non-deposition and 
pedogenesis were involved at the end of Pleistocene for a maximum of several 
millennia. 
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(2) The early and middle Holocene phase apears abruptly in response to rapid global 
climatic warming, and is characterized by abundant marine palynomorphs. At 
around 8,000 years B.P., Pinus increases and Chenopodiaceae temporarily 
decreases due to the climatic fluctuation which is verified by changing 13C
values in the IL-2 core.

(3) The late Holocene was marked by cooler conditions. The paleoenvironmental 
changes recorded in the sediments coincide not only with local, but also with 
regional and probably global, climate changes.  

Keywords :  Yeongsan estuary, AMS 14C dating, the latest Glacial, Holocene, 
paleoenvironmental changes 
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Abstract

High-resolution geophysical imaging to delineate costal aquifer geometry and 
salt/fresh water interface has applied in Baeksu-eup, Yeonggwang-gun of Korea. 

Vertical electrical sounding (VES) and 2-D electrical resistivity survey were 
conducted to map formation conductivity distribution of aquifer which eventually converted 
into salinity distribution using Archie’s law. VES employing Schulumberger array was 
conducted at 10 stations. 2-D resistivity survey employing dipole-dipole array and modified 
pole-pole array was carried out in 6 lines that cover the survey area in grid form. We also 
applied seismic refraction method at the center of the survey area to compensate possible low 
resolution of electrical methods in resolving subsurface stratum. 

Three-dimensional aquifer geometry was imaged by correlating electrical resistivity 
distribution to seismic velocity of aquifer. Correlation analysis shows linear relationships 
between seismic velocity and electrical resistivity within the aquifer layer. Since the linear 
relations at fresh water zone and saltwater region show clearly different gradient, we used 
different resistivity window at each zone in mapping resistivity to seismic velocity. Aquifer 
imaging based on correlation analysis shows higher resolution than using only electrical 
resistivity method which often suffer from low resolution in delineating substratum, 
especially  when low resistivity anomaly exist at shallow subsurface. 

The salinity distribution was mapped by converting the formation resistivity of 
aquifer to equivalent NaCl concentration using hydro-physical properties measured by well 
logging.

Keywords:  Saltwater intrusion, vertical electrical sounding, 2-D resistivity survey, 
seismic refraction method, correlation analysis. 



Thematic Session: “Geo-environment of Delta and Groundwater Management in East and Southeast Asia”   71

          
COORDINATING COMMITTEE FOR GEOSCIENCE PROGRAMMES

         IN EAST AND SOUTHEAST ASIA (CCOP) 

41st CCOP Annual Session 
15–18 November 2004 
Tsukuba, Japan

Geochemical Investigation and
Remediation for Arsenic Contamination
around Abandoned Mine Areas in Korea 

by

Joo-Sung Ahn 

Groundwater and Geothermal Resources Division,
Korea Institute of Geoscience and Mineral Resource (KIGAM) 

Republic of Korea 



Thematic Session: “Geo-environment of Delta and Groundwater Management in East and Southeast Asia”   73 

Geochemical Investigation and Remediation for Arsenic Contamination 
around Abandoned Mine Areas in Korea 

Joo-Sung Ahn 

Groundwater and Geothermal Resources Division,  
Korea Institute of Geoscience and Mineral Resources (KIGAM) 

Republic of Korea 

1. Introduction 

Arsenic is a toxic element, affecting essential functions of many human organs. It is 
classified by the U.S. Environmental Protection Agency as a human carcinogen. Primary 
geogenic sources of As include mineral deposits, volcanic emissions, geothermal waters and 
As-rich alluvial aquifers. Geochemically, arsenic is present in close-association with the 
transition metals as well as Au, W, Sb, Bi, and Mo and is commonly present as an impurity in 
varieties of metalliferous ores. Mining and metallurgical operations unearth the As containing 
minerals and, during the refining processes, concentrate the element into the mine tailings 
and invariably cause As contaminations in terrestrial environments.  

Naturally occurring As in groundwater of sedimentary aquifers has emerged as a 
global problem. High concentrations of As in groundwater have been reported from different 
regions of the world, including Chile, China, and Taiwan. However, the most widespread As 
enrichment occurs in a large region covering portions of West Bengal, India, and Bangladesh 
(Sracek et al., 2004). The source of As in most of the contaminated areas is clearly geogenic, 
however, there is some debate on the exact mechanisms of As mobilization.  

In Korea, there has been no significant As contamination reported until now. However, 
groundwaters with As exceeding the standard water quality criteria of Korea (50 µg/l) have 
been found in some areas. Jeollanam-do Institute of Health and Environment has reported 
high concentrations of As in some groundwater samples from Goksung, Muan, Naju, and 
Hwasun areas in the southwestern part of Korea during a groundwater quality survey. 
Although a detailed geochemical survey was not conducted in those areas, the elevated 
concentrations of As appeared to be related to local mineralization of coal and/or gold.  

Most of the metal-producing mines have been closed in Korea due to the exhaustion 
of ores. Frequently, groundwater and soils around abandoned mines, particularly gold and 
tungsten mines, have been contaminated by As. There have been repeated efforts to 
investigate As contamination and implement procedures for remediation in the past-mining 
areas. In this paper, some important results from the geochemical studies of As contamination 
in abandoned mine areas are presented. 
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2. Vertical Distribution of As Within a Mine Tailings Deposit 

A detailed geochemical survey was carried out in the Gubong mine area which was 
one of the biggest gold producers in Korea. Mine tailings amounting to 143,042 m3 were 
abandoned and became an important source of contamination in paddy fields, streams and 
groundwater around the mine. Concentrations of As, Cd, Pb and Zn in tailings as high as 
5,040 mg/kg, 54 mg/kg, 2,800 mg/kg and 1,560 mg/kg, respectively were found. Arsenic 
occurred in the form of arsenopyrite which was associated with gold mineralization. Within 
the tailings deposit, vertical distributions of As and heavy metals were investigated through 
the analysis of core samples from three boreholes (Figure 1). Vertical profiles of As and 
heavy metals indicated gradual decrease in concentrations below the tailings layer, however, 
heavy metals accumulated just below the boundary of tailings, and significant amounts of As 
were leached to more than 10 m in depth below the surface (Figure 2). It was suggested that 
heavy metals were leached from the tailings pile and then accumulated in deeper alluvial soils 
by adsorption and/or precipitation. However, As was shown to be mobilized to a further 
depth, which could affect the groundwater quality of the area. 

Figure 1.  Coring locations and vertical profiles at the tailings deposit of Gubong mine. 
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Figure 2. Vertical distribution of As and heavy metals (mg/kg)  
in the core sample BH-3 at tailings. 

3. Geochemical characteristics of the tailings-based As sources 

Solid phases of As in weathered tailings of several representative gold mines in Korea 
were investigated through the SEM/EDS and sequential extraction analyses. Arsenic 
contamination around gold mining areas occurs commonly from the oxidation of As-bearing 
sulfide minerals which are frequently contained in tailings. In weathered tailings, oxidation of 
sulfides typically results in the formation of abundant ferric oxyhydroxides or 
oxyhydroxysulfates near the tailings surface. Arsenic may be associated with these secondary 
precipitates, and the practice of liming or subsurface disposal at landfill sites as a mine 
tailings reclamation effort has the potential to remobilize As. Under XRD examinations, 
jarosite as an Fe-oxyhydroxysulfate was found in the tailings of Deokeum, Dongil and 
Dadeok mines, and scorodite as an As-bearing crystalline mineral was identified from the 
Dadeok mine tailings which has a high concentration of As (4.36 wt.%). Beudantite-like 
phases and some Pb-arsenates were also found under SEM/EDS analysis, and most of the As 
phases were associated with Fe-oxyhydroxides and oxyhydroxysulfates in addition to some 
arsenopyrites in the Samgwang and Gubong tailings (Figure 3). These results suggest that 
reclaiming mine tailings by liming or subsurface disposal has the potential to cause As in the 
spoils to dissolve and migrate with drainage to adversely affect downstream surface or 
groundwater bodies.
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Figure 3.  Ternary diagrams for As-Fe-S, Pb-As-Fe and Pb-Fe-S from the EDS analyses of  
As-bearing phases in the tailings samples (DI: Dongil, DD: Dadeok, SG: Samgwang,       
GB: Gubong). 

The high potential of As mobilization from mine tailings was confirmed from a water-
leaching experiment from the Nakdong mine samples which had the highest As 
concentrations (up to 20.2 wt.%) ever found in Korea. When the tailings samples were 
equilibrated with de-ionized water, the solution phase pH ranged from 2.01 to 3.10 (Table 1).
In the solution phases, the Fe and sulfate concentrations were high, thus, suggesting that the 
acidity was generated by the dissolution of Fe and sulfate-containing salts, and subsequent 
hydrolysis of dissolved ferric ions. The highest total dissolved As concentration of 29.5 mg/l 
coincided with the lowest pH of 2.01 in the solution phase of NDCP. The outcomes of de-
ionized water/tailings equilibration experiments suggested that As may dissolve and become 
mobile with periodic wetting by rain water to contaminate the downstream water bodies. 

Table 1.   Characteristics of solution phase when tailings of Nakdong mine were equilibrated 
with deionized water at 1:10 w/v ratio. 

sample pH Fe
(mg/l) 

Ca
(mg/l) 

Al
(mg/l) 

Mn
(mg/l) 

K
(mg/l) 

Mg
(mg/l) 

SO4
2-

(mg/l) 
As

(mg/l) 

NDRT 3.01 1.04 5.31 2.00 0.10 1.92 0.173 85.9 0.12 

NDCP 2.01 250 244 2.33 < 0.01 4.20 0.296 1,430 29.5 

NDT1 3.10 9.30 5.26 1.43 0.079 3.47 0.486 111 8.51 

NDT2 2.86 54.6 171 3.94 0.74 2.93 4.59 1,180 1.22 
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4. Mine Tailings Containment Model Using PRBs 

For the reclamation of mine wastes, containment in an engineered management unit 
was suggested to minimize the possible environmental effects. In developing a containment 
model for abandoned mine wastes, it is important not only to control the seepage and surface 
runoff of contaminants, but also to manage subsurface release. The permeable reactive barrier 
(PRB) technology was adapted to control and remediate subsurface contaminant release in 
tailing containment systems. The funnel-and-gate system is one application of a permeable 
reactive barrier for the in situ treatment of contaminated groundwater (Powell et al., 1998). 
Various configurations of this system can be applied to treat the subsurface release of 
contaminants from mine wastes depending on the leachate flow pattern (Figure 4). The 
permeable reactive zone may be a primary treatment module, which achieves the desired 
levels of contaminant attenuation. For the treatment of As, steel mill wastes were tested as 
reactive materials in the gate, and As was removed through the precipitation of calcium 
arsenate phases (Ahn et al., 2003). Mine tailings containment models with PRBs have been 
applied in the field at a couple of mines in Korea.  

Figure 4.  Schematic diagram of the mine waste containment model  
with funnel-and-gate PRB systems. 
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Abstract

In order to develop and put to practical use groundwater in coastal area, we should to 
evaluate the extent and the degree of seawater intrusion. Especially regional investigation for 
seawater intrusion, because the seawater intrusion happens widely, is a requirement. In this 
study, we interpreted the characteristics of regional seawater intrusion by performing 
hydrogeochemical analysis for a total of 783 groundwater wells, and regional vertical electric 
soundings with 614 stations at 9 areas within 10 km from western and southern coasts in 
South Korea. 

With comprehensive analysis of regional hydrogeochemical survey results for a total 
of 783 groundwater wells, we presented threshold values (Na = 19.5 mg/l, Cl = 35.9 mg/l, 
SO4 = 8.5 mg/l, NO3 = 27.3 mg/l) that it can be possible to analyze discriminately between 
groundwater pollution/seawater intrusion and groundwater-rock interaction. We, through 
threshold values, have proposed seawater intrusion index reflecting concentration change of 
several specific ions as the indicator of seawater intrusion. The value of seawater intrusion 
index above 1 was about 46 % of the total number of samples, and these samples a little 
effect of seawater intrusion. Also, the value of seawater intrusion index above 10 was about 3 
%, which reflected the substantial influence of seawater intrusion. Then we need to consider a 
counterplan for these areas. Na/Cl and Cl/HCO3 mole ratio were considered as good 
geochemical parameters assessing the seawater intrusion. The groundwater, to some degree, 
influenced by seawater intrusion showed about 47 % of the total number of wells (or 
samples). It was estimated that about 17 % was only influenced by seawater intrusion and the 
rest included also an additional artificial pollution.  

Based on hydrogeochemical analysis results, we performed 614 points regional 
vertical electric sounding at 9 areas. We made out the horizontal distribution of apparent 
resistivity for each depth, the resistivity and the bottom depth of the aquifer with the lowest 
resistivity, the depth distribution of interpreted layer structure, and the distribution of 
equivalent NaCl concentration of the aquifer with the lowest resistivity. For the western 
coasts, we tried to derive a relationships between formation resistivity from vertical electrical 
soundings and hydrogeochemical indices such as electrical conductivity, chloride 
concentration, total dissolved solids, and to map the salinity in a coastal aquifer for evaluating 
the seawater/freshwater interface, or re-mapping the distribution of electrical resistivity into 
the distribution of hydrogeochemical indices in a coastal aquifer for rather quantitative 
analysis. According to the results such as vertical electrical soundings and hydrogeochemical 
data in survey area, several relationships have been found. The proposed assessment method 
using several relationships may be a rapid cost-effective method of assessing seawater 
intrusion, and can be considered as a valuable attempt to enhancing the utilization of 
geophysical data. 
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Abstract

The increasing demand for the sustainable development of water resources in Malaysia 
has resulted in the need for more systematic exploration and management of groundwater 
resources. The development of groundwater resources to cater for overall water supply needs 
(immediate, emergencies and future) should be carried out in an orderly manner based on 
proper policies and strategies. 

Since the last century, exploitation of groundwater in Malaysia has been on the 
increase due to various factors such as surface water depletion during dry seasons, increased 
water demand due to population, agricultural and industrial growth, and lack of viable surface 
water source sites. 

An awareness of the interdependence between surface and groundwater is an essential 
element towards resolving water resources issues. Furthermore, such awareness will promote 
a far less fragmented approach towards establishing integrated water resources planning, 
development and management. 

1. Introduction 

Malaysia (Figure 1) experiences a warm and humid climate throughout the year. 
Mean daily temperatures vary from 21o to 33oC. The country also experiences heavy rainfall 
ranging from <2000mm to 3000mm/year with an average rainfall of 2300mm/year. The 
distribution of rainfall is dependant on the topography and the types of monsoon winds. The 
South-West Monsoon (May-August) brings a moderate amount of rain to the west coast of 
Peninsular Malaysia whereas the North-East Monsoon (November-February) brings heavy 
rain to the east coast of Peninsular Malaysia and East Malaysia. The high rainfall contributes 
significantly to the groundwater recharge. 

The growing demand for water has increased the need for more systematic 
exploration and sustainable development of groundwater. Demand comes from: 

Rapid population growth 
Industrial or agricultural expansion 
Deterioration in quality of surface waters, and 
Reduced flow of surface source during prolonged drought. 

In Malaysia, groundwater accounts for more than 90% of the freshwater resources. 
The total groundwater available for use could be approximated as the sum of 10% of the 
surface runoff and the volume of groundwater recharge amounting to approximately 120 
billion m3. Table 1 shows the summary of the water resources in Malaysia. 
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Figure 1.  Malaysian states 

Table 1 .  Water resources in Malaysia (after Azuhan, 1999) 

Water resources Quantity (billion m3)
Annual rainfall 1046 

Surface runoff 566
Evapotranspiration 360
Groundwater recharge 120

Surface artificial storage 25 
Groundwater storage 5000 

The development of the groundwater resource for water supply to cater for overall 
needs (immediate, emergencies and future) should be carried out in orderly manner guided by 
proper policy and strategy. The main uses for groundwater are: 

Domestic water supply, 
Industrial use, and
Irrigation.

Since the last century, use of groundwater in Malaysia has been on the rise due to the 
following reasons: 

There are areas, such as in the states of Kedah, Perlis and Melaka and within the 
Klang Valley, where surface water is severely depleted during the dry season; 
In some areas, the water demand has been increasing rapidly due to population, 
agricultural and industrial growth coupled with limited surface water sources; 
There is frequently a lack of viable surface water source sites, such as dams and 
lakes, in new development areas. 

There are a number of reasons that explain the lack of extensive groundwater (an 
invisible resource) development in Malaysia: 

failure to recognise the vast potential of the groundwater resource, 
the misconception that groundwater utilization is not sustainable, 
the lack of a full assessment of the groundwater resource, and 
a lack of local expertise in the field of groundwater management. 
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An awareness of the interdependence between surface and groundwater is therefore an 
essential element towards resolving water resources issues. Furthermore, it will promote a far 
less fragmented approach towards establishing integrated water resources planning, 
development and management. 

Based on previous work, the distribution of groundwater potential in Peninsular 
Malaysia can be broadly grouped into four main areas underlain respectively by alluvial 
acquifers and three types of hardrock aquifers (Figure 2).

Figure 2.  Simplified hydrogeological map of Peninsular Malaysia 
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1.1. Alluvial Aquifers 

Alluvial Aquifers occur along the coastal zones of Malaysia and are made up of 
Quaternary deposits consisting of gravel, sand, silt and clay. The extent, nature and 
composition of the alluvial deposits vary at different localities. Along the east coast of 
Peninsular Malaysia (Kelantan, Terengganu and Pahang states), highly productive aquifers 
can be found especially in areas where the aquifer is more than 20m thick and consists of 
sand/gravel. Along the west coast, the alluvium is made up of largely clay sediments, 
although isolated pockets of aquifers have been found. In a recent investigation, a major 
aquifer has been found in the lower part of Langat Basin, Selangor. Alluvial deposits are also 
found inland along the floodplains of major river valleys, and these form aquifers of localised 
extent.

 Generally, sand/gravel aquifers are capable of yielding between 30-50m3/hr/well with 
a few metres of drawdown. For less extensive or lower transmissivity aquifers, yield of 
between 15 -25m3/hr is common. 

The quality of water from the alluvial aquifers is generally acceptable with some 
relatively high iron and manganese contents. Physical treatment is generally necessary before 
the groundwater can be distributed to consumers. Along the coast, groundwater is 
brackish/saline as a result of connate seawater trapped within the alluvial materials. 

1.2. Hardrock Aquifers 

Limestone aquifers are found in the states of Kedah, Perlis, Perak, Kelantan, Pahang 
and Selangor. Well yield from such aquifers can reach up to 30m3/hr/well. The quality of the 
groundwater is generally good but has moderate to high total dissolved solids due to soluble 
bicarbonates.

Sedimentary and volcanic rock aquifers are represented by fractured sandstone, 
quartzite, conglomerate and volcanic rocks that are found in the states of Kedah, Selangor and 
Johor of Peninsular Malaysia as well as in Sarawak and Sabah. Wells in sedimentary/volcanic 
rocks may occasionally yield up to 20m3/hr/well, averaging 5-15m3/hr/well. The water from 
these aquifers is generally of medium to good quality. 

 Fractured crystalline igneous rocks for aquifers that are found in the states of Kedah, 
Selangor, Johor, Melaka and Negeri Sembilan. Wells within these aquifers generally yield up 
to 10m3/hr/well. The quality of water is generally good to excellent with low total dissolved 
solids.

2. Status of Groundwater Utilisation 

2.1. Groundwater investigation and development 

 The search for groundwater in Peninsular Malaysia was initiated in the early 1900’s by 
the Geological Survey Department of Malaysia1 (GSM). In 1935, the first major investigation 
by GSM was carried out in the Kota Bharu area, Kelantan, leading to the construction of the 

1 Geological Survey Department Malaysia is now known as Minerals and Geoscience Department  
Malaysia
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first production well by the Public Works Department (PWD). Since then, various projects to 
explore and develop groundwater resources have been implemented. The Fourth Malaysia 
Plan project (1981-1985) carried out in southern Negeri Sembilan and northwest Johor 
evaluated the groundwater potential and assessed the possibility of exploiting the groundwater 
to supply or supplement the domestic, agricultural and industrial requirements in these areas. 

In the Fifth Malaysia Plan (1986-1990), GSM undertook evaluation and development 
of groundwater in several districts in the states of Pahang and Terengganu. A total of 23 wells 
were constructed with a pumping capacity about 23,800m3/day.

In the Sixth Malaysia Plan (1991-1995), a number of districts in the states of Kedah, 
Perak, Melaka and Johor were chosen for the investigation and development of groundwater. 
The investigation and development of groundwater by GSM was continued into the Seventh 
Malaysia Plan (1996-2000) in south Johor, Selangor and Kedah areas.  From 2001 to 2005, 
the Department will concentrate its assessment work in Selangor, Negri Sembilan, Kedah, 
Sabah and Sarawak.

GSM has assisted the Ministry of Health (MOH) to investigate the sources of mineral 
water for certification since 1985. Private drilling companies were also active in groundwater 
drilling work since the 1990's especially for factories and the mineral water industry.

 The first recorded abstraction of groundwater through tube wells in Sarawak was in 1954 
in Sarikei.  This was soon followed by similar schemes in Bintangor (formerly Binatang) and Sri 
Aman (formerly Simanggang).  Investigation and development of groundwater resources by 
GSM, Sarawak, began in earnest in the late seventies, and to-date groundwater well-fields for 
reticulated water supplies have been developed in 13 areas in the coastal region of Sarawak. The 
development of a large groundwater supply scheme from wells in sandstone in the Lambir area 
to augment the Miri Water Supply is a departure from the usual practice of exploiting the 
groundwater source for rural water supplies.  

  In comparison to Peninsular Malaysia and Sarawak, groundwater development in 
Sabah has so far been relatively low.  In Sabah, groundwater is being used for public supply in 
Sandakan, Kota Belud and Kuala Penyu. In Labuan, groundwater is used conjunctively with 
surface water to supply the water needs on the island. 

2.2. Groundwater Utilisation 

From GSM’s computerised databank that was initiated in 1983, it is shown about 
2,466 wells were drilled by both the public and private sectors throughout Peninsular 
Malaysia with total yield of 552,000m3/day. Kelantan’s yield is 216,000m3/day, Selangor 
(68,000m3/day), Pahang (57,000m3/day), Negeri Sembilan (48,000m3/day), with other states 
producing 16,000m3/day. This amount of groundwater is only about 10% of the present water 
supply in Peninsular Malaysia. It is utilised for domestic purposes (85%), industrial use 
(10%) and the rest (5%) for agricultural purposes. With the expected increase in demand for 
water in the future, coupled with abundant untapped groundwater sources, professionals 
should focus their search for this source as an alternative or supplementary supply. 
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2.3. Future trend in groundwater development Resources 

When studies are undertaken for a water resources evaluation in the country, the 
groundwater component is not emphasised and thus not properly evaluated. A more holistic 
approach should be planned to manage the water resources in the country. Groundwater 
utilisation should be emphasised in helping to overcome the imbalance in the exploitation of 
groundwater and surface water. The National Economic Action Council (1998), in its 
National Economic Recovery Plan has identified groundwater as one resource that has great 
potential to be developed. It is now for geologists, engineers, other scientists, managers, 
planners and policy makers to develop a strong awareness of the importance of groundwater 
for the country’s development. 

There are advantages of groundwater over surface water resource: 
Its supplies are not subject to abrupt change as a result of abnormal weather. 
It is cheaper to develop: unpolluted, often needing minimal treatment before use 
and can be developed in stages. 
It can often be tapped where it is needed. 

Due to the abundance of surface water, groundwater is widely under-appreciated and 
hence under-exploited, and at the same time inadequately protected. Groundwater is only 
considered in areas where the surface water resources is not available or is polluted. 

However, groundwater is not always the best option. Some disadvantages are: 
It is often to hard to find in difficult geological environments. 
It may not occur in sufficient quality and quantity for the intended use, and 
It may too deep for economic development. 

2.4. Pollution and over-exploitation 

Groundwater needs to be protected from pollution. Major threats to groundwater 
quality are from the point sources (septic tanks, sewers and drains) from urbanisation and 
industrial waste-waters (bacteria, detergents, industrial chemicals) and non-point (diffuse) 
sources from agricultural activities (fertilisers and pesticides). 

Over-exploitation of groundwater may lead to ground subsidence, saltwater intrusion, 
threat to wetlands and an accelerated movement of pollutants. Permits or licenses should be 
made a mandatory requirement for the drilling and abstraction of groundwater to control over-
exploitation of the resource, and at the same time to encourage efficient use and raise revenue. 
In essence the groundwater resource can be protected through: 

Controlling groundwater abstraction through legal and administrative steps, 
followed by licensing requirements, and 
Controlling groundwater pollution through creation of source protection zones and 
vulnerability mapping. 
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3. Sustainable Groundwater Management  

3.1. Sustainable Development 

The sustainable development and uses of groundwater must take place within the 
broader context of an integrated water resources management system. As a pre-condition to 
effective groundwater management, a full assessment of all water resources should be 
conducted. This requires the protection of both groundwater quality and quantity and must 
take into account the interconnection between groundwater and surface water systems.  

Common actions and regulations necessary for sustainable groundwater exploitation 
are:

Collection of comprehensive groundwater data 
Setting water quality standards 
Control of extraction 
Groundwater monitoring 
Identification of sources of pollution
Establishment of protection areas, and  
Enforcement of standards and regulations. 

The main government agencies involved in groundwater-related activities are the 
GSM, Public Works Department (PWD), Drainage and Irrigation Department (DID) and 
Ministry of Health (MOH). GSM has been the lead agency to undertake the exploration, 
evaluation and development of the groundwater resource in Malaysia. It also acts as a central 
databank for groundwater data obtained by the government and/or private sector.  

 Groundwater monitoring which forms part of a long term regional groundwater quality 
and water level surveillance programme was carried out in Kota Bharu area, Kelantan and 11 
other wellfields in the state of Pahang, Terengganu, Kedah and Perlis. Monitoring 
groundwater level fluctuations, water quality and the measurements for land subsidence is 
also being done in the Telok Datuk-Olak Lempit groundwater basin, Selangor. Wellhead 
protection areas have been introduced in Kota Bharu and its surrounding areas in Kelantan. 

 So far there has been no reported case of serious or large-scale groundwater quality 
deterioration due to human activities. However, with increasing urbanisation, industrialisation 
and intense agricultural activities, coupled with an increased groundwater abstraction rate, the 
problem of groundwater quality deterioration can be expected to be aggravated. This is 
especially so in areas with shallow unconfined aquifers such as in the Kota Bharu area, 
Kelantan, and in hard rock aquifers such as in the Klang Valley, Selangor.

 In early 2001, guidelines related to drilling of wells, abstraction of groundwater and 
monitoring of groundwater were prepared for adoption by the state water authorities. 

Conjunctive use of surface water and groundwater should be one of the important 
management options to utilise both resources more efficiently. However, even though the 
benefits of the conjunctive use are obvious, the implementation of this strategy is not easy. 
Over-pumping of aquifers near a river could deplete the surface water resources, while 
development of a declining river could reduce the normal recharge to an aquifer system. 
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Groundwater modelling undertaken in Langat Basin, Selangor (Figure 3) has 
significantly helped in ensuring the sustainable management of the resources. 

Figure 3:  Head equipotential in model layer 3c (after JICA, 2002) 

3.2. Legislation

 There are at present some twenty fundamental water-related laws in the country, only 
three of which are of direct significance to groundwater. These are the Geological Survey Act 
(Act 129) 1974, the State Waters Enactment and the Environmental Quality Acts (Act 127) 
1974. Stringent enforcement should be undertaken to regulate the development and 
management of the groundwater resource to ensure proper or optimal utilisation and to 
prevent occurrence of adverse effects due to over-exploitation. The jurisdiction of these laws, 
which can be broadly classified as Federal or State laws, covers areas ranging from 
river/water management, water-use and water pollution abatement to land matters, landuse 
control and land conservation. A number of States in Malaysia have amended the State Waters 
Enactment to provide protection to their groundwater resources.

4. Conclusions

Malaysia, although endowed with good groundwater storage and groundwater 
recharge potential, has only used a small portion of the total groundwater available for her 
population. There is a need for better management of the water resources in the country and to 
place emphasis on utilising the groundwater where available.  With the program for urban and 
rural development in place, groundwater is likely to play a bigger role either as a 
supplementary or an alternative water supply.

Nevertheless, the development of groundwater should be based upon competent 
scientific methods, including steps to be taken to protect this valuable resource from any 
adverse effect.There is a growing need to regulate land-use and the control of groundwater 
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drilling and extraction. This requires the development of an institution with the necessary 
powers and resources for the creation, coordination and implementation of a comprehensive 
water resources strategy and policy. 

Conjunctive use of surface water and groundwater should be one of the important 
management options to utilise both resources more efficiently.  

The recognition of the need to protect groundwater in landuse planning is vital for 
ensuring the sustainability of the resource. The existing and future groundwater-based 
supplies in urban and rural areas should be at sustainable levels. Orderly and rational use of 
groundwater can contribute towards sustainable socio-economic development. 
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1. Summary

 The study of Groundwater Potential by Groundwater Simulation in the Lower Central 
Plain is performed to predict the long-term safe yield this is due to groundwater increasing 
tread of groundwater abstraction due to increasing population, industries and agriculture. 
Initially, the study begins with the characterization of the hydrogeology of the area as well as 
hydrogeologic data compilation and analysis together with additional field data survey. 
Groundwater abstraction rates are assessed from groundwater balance calculation. The 
acquired data are used to set up the groundwater flow conceptual model. Simulations were 
firstly carried out to calibrate the calculated parameters with observed field data collected in 
1999.

The transient state simulation outputs were calibrated with spatial and temporal data 
acquired during 1999-2003. After the model parameter calibration and verification in 95% of 
confident limit can be obtained. Then groundwater safe yield definition is used as the criteria 
to evaluate the safe allowable maximum water usage in each aquifer. The simulation of the 
future groundwater condition (2004-2014) was performed to evaluate the groundwater safe 
yield. In the simulation, groundwater pumping rates were increased to the maximum rate that 
caused groundwater level drop to the specified critical depths for each aquifer. The 
simulation data were then processed and groundwater safe yield in each Changwat and 
Amphoe was determined. The simulation results were transferred into the Geographic 
Information System (GIS) database system for spatial analysis to produce the current 
groundwater usage, groundwater safe yield distribution, and potential of additional 
groundwater usage map scales. Then concluded in the diagrams and tables in terms of 
Changwat and Amphoe. However, it can be concluded as in the following : 

 Aquifer I: the present groundwater usage is about 124 mil. m3/year and groundwater 
safe yield is approximately 179 mil. m3/year with allowable increment of approximately 55 
mil. m3/year. Generally, safe yield for most areas are in the range of 50-500 m3/day. The 
potential for high groundwater quantity from Aquifer I is found in the central part of the 
study area. These include the areas of Changwats Sing Buri, Ang Thong, and Chai Nat. These 
areas show high potential for groundwater development with the safe yield of 500-5,000 
m3/day. The areas of Changwats Lop Buri, Saraburi, and Amphoe Nong Ya Sai in Changwat 
Suphan Buri show groundwater potential with the safe yield lower than 50 m3/day.

Aquifer II: the present groundwater abstraction is nearly 96 mil. m3/year. The 
groundwater safe yield is approximately 250 mil. m3/year. The areas that show high 
groundwater safe yield is found in the central part of the study area. The groundwater safe 
yield in Changwats Suphan Buri and Phra Nakhon Si Ayuthaya varies locally from 50-500 
m3/day and lower than 50 m3/day in places. 
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 Aquifer III: the overall present groundwater abstraction from this aquifer is estimated 
at 80 mil. m3/year with the calculated safe yield of 191 mil. m3/year. Additional allowable 
groundwater abstraction is estimated at 111 mil. m3/year. The areas that have high potential 
for groundwater development include Changwats Chai Nat, Sing Buri, and Ang Thong which 
show groundwater safe yield varying from 500-5,000 m3/day. The low groundwater safe 
yield was estimated identified in the areas of Changwats Suphan Buri and Saraburi. 

Aquifer IV: the overall groundwater abstraction is calculated to be nearly 30 mil. 
m3/year with the estimated safe yield of 98 mil. m3/year. The allowable additional 
groundwater abstraction is approximately 68 mil. m3 /year. The high safe yield of 500-5,000 
m3/day is found in the areas of Changwats Ang Thong, and Suphan Buri. The areas along the 
border of the basin show the groundwater safe yield of 50-500 m3/day.

The results of the study indicate that the groundwater resources in the Upper Lower 
Central Plain can be developed using the safe yield concept outlined in this study. The overall 
groundwater safe yield for all 4 aquifers is approximately 720 mil. m3/year.

In the long term, the results of this study can be incorporated for considerations in 
groundwater resources management and planning in the aspects of groundwater resource 
control and groundwater conservation. Additionally, in any groundwater level measurement 
and monitoring should be performed. These observed data will be useful for the model post 
auditing and model validation. For high degree of reliability of the simulation results, 
groundwater levels and groundwater quality monitoring, particularly in the areas with 
declining water levels and high risk for hazardous waste contamination, should be 
established.

2.  Introduction 

There is an increasing trend in water usage in the lower central plain due to the 
increase in agricultural activities, domestics and industries. This result in an increasing need 
for groundwater resources which, in turn, causes the decrease in groundwater reserve. 
Furthermore, this area becomes more important as it is the recharge area for Bangkok and its 
vicinities. Decreasing water level and contamination of groundwater may cause a long term 
problem in groundwater condition in Bangkok and its vicinities. 

 A mathematical model is a tool to evaluate potential of groundwater resources both in 
quality and quantity aspects. It also offers clearly technical answers of groundwater condition 
at the present and future. This evaluation of the groundwater potential is to develop the 
effective method in groundwater development and to conduct water shortage. 

 2.1.  Objective  

The objective of the project is to evaluate groundwater potential in the northern region 
of the lower central plain (Figure 1) by constructing the 3-D mathematical model in order to 
indicate the safe yield by considering its impacts. 

The aims of the project are to:

1) The determine the groundwater balance, recharge and discharge rates of study 
area;

2) Evaluate groundwater quantity and potential by considering its impacts as well as 
ambient environments; 
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Study Area 

Bangkok 

3) Construct groundwater potential maps of the study such area interms of   Amphoe 
and Changwat. 

2.2.  Methodology 

The methodology includes: 

1) Study and complilation of geographical and morphological characteristics.  
2) Compilation and analyzing the data in hydrologic, geologic and hydrogeologic 

data.
3) Study of the water balance in study area. 
4) Construct groundwater maps using Geographical Information System (GIS). 
5) Construct a conceptual model in order to design and to set up boundary conditions 

of the mathematical model. 
6) Formulate a 3-D mathematical model. 
7) Produce groundwater potential maps using GIS. 
8) Summary, presentation and seminar. 

 2.3.  Boundary of the Study Area  

The study area is located in the northern region of the lower central plain or the lower 
Chao Phraya Basin. It is 125 km in east-west and 93 km in north-south and covers 
approximately 11,625 km2. The area consists of Changwats Sing Buri,  
Ang Thong and part of Changwat Chai Nat, Lop Buri, Saraburi, Utai Tani, Kanchana Buri, 
Nakhon Sawan, Suphan Buri and Phra Nakhon Si Ayuthaya   (Figure 1).

Figure1. Study area
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2.4. Potential of Groundwater Basin   

This concept is also considering the impact of over exploitation from groundwater 
balance, quantity of groundwater usage such as water level decline, water quality 
deterioration, and land subsidence etc. A safe yield concept would lead to sustainable 
groundwater development and not allow the long term economic effects. 

During 1975-2003, these were 3 projects that evaluated the groundwater potential in 
the central plain as following: 

1) The study of groundwater condition management and land subsidence, in 
Bangkok and its vicinity (JICA, 1985). The study showed that the groundwater level should 
be maintained at no lower than –50 m below mean sea level. 

2) The study of potential of water resources for industrial usage in Bangkok (DMR, 
1999). The study showed that the groundwater level should be maintained at no lower than -
60 m from mean sea level. 

3) The study of groundwater management in the northern region of lower central 
plain (TRF, 2003). The groundwater potential was suggested from the maximum usage 
within 10 years and showed the water level should be maintained at no lower than –15 m 
from ground level. 

However, Safe Yield is defined as the maximum quantity of water that can be 
exploited from the groundwater basin annually and does not have any adverse effects to the 
groundwater resources. The adverse effects may include:  

1. The decrease in water level in particular point or increase in pumping cost. 
2. The change in water quality of particular aquifers. 

            3.  Causing land subsidence, however, since there has been no evidence on land 
subsidence in the study area, this effect is not considered in this study. 

In summary, the safe yield for any parts of the study area defined as: 

“The maximum groundwater usage within 10 years that does not cause groundwater 
level in the first aquifer to drop below 10-15 m from ground surface, does not cause the 
groundwater level of the second aquifer to drop below 20-30 m from ground surface, does not 
caused the head of third and fourth aquifer to drop more than 1 m/year”. 

3.  Database System and Geographic Information System 

 This study consists of numerous information to be analyzed. Thus the database system 
and Geographic Information System (GIS) are used as the tools in storing and managing data. 

Database System is data storage in terms of integrated system by storing at the central 
in order to reduce repeated data. Database system consists of 4 components, which are 
hardware, software, data and operator. The stored data should be corrected, updated and 
simplified. Database construction consists of data that is stored in various folders, which can 
be easily accessed (Figure 2).
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Figure 2.  Database Structure 

4. Hydrogeology  

 The hydrogeologic characteristics were obtained from the compilation and 
processing of the hydrogeologic environment data, the hydraulic properties, and aquifer 
characteristics to produce the hydrogeologic map and cross sections. The maps show the 
distribution of the aquifers, equipotential lines, flow direction, and flow systems. Initial water 
balance data together with the hydrogeologic map and sections were used for groundwater 
model conceptualization and for 3-D mathematical groundwater model design. The details of the 
studies are as following sections. 

 4.1.  Groundwater basin 

The groundwater basin of the study area is embraced by the North-South trending 
mountain ranges lying in the East and in the West, acting as the groundwater basin boundaries
and groundwater divides. The surface topography is sloping from the West and the East to the 
center of the basin and generally dipping South. The Central part of the area is the discharge area. 
The Chao Phraya River, which is the main river in the area, bisects the groundwater basin. The 
upper part of the basin is covered with the sequence of gravel sand and clay layers of the average 
thickness of 50 m. 

 4.2.  Hydrostratigraphic units 

In this study, the hydrostratigraphic units were categorized into 2 groups, namely, 
unconsolidated rocks and consolidated rocks.

Unconsolidated rocks 
 Unconsolidated rocks are all sedimentary deposits found in the area. These include 
flood-plain deposit unit. The analysis of the provincial groundwater maps in the area shows 
high groundwater yield potential of 60-150 m3/hour. The unconsolidated rocks are classified 
base on sedimentary characteristics and grouped as aquifers separated by aquitard such as 
clay unit for appropriate groundwater modeling  
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Consolidated rocks 
 The consolidated rocks crop out along the West and East boundaries of the 
groundwater basin of the central plain. The units consist of Carbonate unit (C), Volcanic unit 
(V), Granite unit (Gr), Metamorphic unit (M) and Sedimentary unit (S). The groundwater is 
stored in joints, fractures, falts, bedding planes and cavities in the rocks. The groundwater 
yields vary from 2-10 m3/hr.

 4.3.  Aquifer Characteristics 

From the study of totally 8 hydrogeologic cross sections (West-East and North-South 
sections) in the upper central plain area, the aquifers in the unconsolidated rocks could be 
divided into 4 layers, namely, Aquifers I, II, III, and IV) as following.

Aquifer I : is located at the ground surface to the approximate depth of 50 m, 
spreading from the upper part of the area in Changwat Chai Nat to the lower portion of the 
study area. The thickness of the aquifer varies from 10-60 m.  

Aquifer II : is found at the approximate depth of 80 m below ground surface. Clay 
layer is interbeded between aquifer I and aquifer II varying from 30-60 m. 

Aquifer III : is found at about 120 m below the ground surface with the varying 
thickness of 30-60 m. This aquifer yields large amount of water quantity and good quality. 

Aquifer IV : encounters at the approximate depth of 150 m below the ground surface, 
separating from the aquifer III by the intercalated thin clay layers. Aquifer IV shows varying 
thickness of 30-60 m. 

 4.4.  Hydraulic properties of aquifer and groundwater flow pattern 

The hydraulic properties of the hydrogeologic units used in this study include 
storativity (S), specific storage (Ss), specific yield (Sy), and hydraulic conductivity (K). The 
hydraulic data used in this study are compiled, analysed, and deducted from previous 
hydrological studies and reports. The recent investigation reports and data base used for data 
search include: (i) The study on the Groundwater potential and Demand for Groundwater 
Management in the Upper Lower Central Plain; by Koontanakulvong (2002) and (ii) The 
printouts data of the records of wells in the Lower Central Plain by the Department of 
Mineral Resources (DMR). The analysis of the single-well test data from 582 wells (430 
wells with well screen installed in the unconsolidated rocks) incorperating the pumping test 
date-with observation wells from 10 wells showed that the hydraulic conductivity (K) values 
varies from 1.08-8 m/s minimum to 8.06-3 m/s maximum. The distribution of the hydraulic 
conductivity in the central part particularly in the areas of the Chao Phraya River, the Tha 
Chin River, and the Pasak River varies from 1x10-6-1x10-3 m/s. The areas to the south, 
southwest, and southeast show the varying hydraulic conductivity of 1x10-4-1x10-3 m/s 
respectively).  

Regional groundwater flows from the recharge areas are located in the west 
(Kanchanaburi, and Uthaithani), North (Chai Nat and Nakhon Sawan) and East (Lop Buri, 
and Saraburi), passing through the unconsolidated sands and gravels, semi-confined and 
confined aquifers to discharge areas in the central part of the basin. 
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4.5.  Water Balance 

The purpose of the water balance study is to calculate preliminary water balance 
components which would be used as a guide for model conceptualization and model 
selection. The water balance calculation was performed by using the following water balance 
equation;
   QI  QR + QP – QO - QAB  =  V              
 where 

QI = groundwater inflows into the aquifer 
QO = groundwater out flows from the aquifer 
QP = groundwater replenished from precipitation  
QR  = groundwater flows into the aquifer  
  from the river or out of the aquifer to the river 
QAB = amount of groundwater pumped for usage 

V = change in groundwater storage  

 The results of the calculation using the date from 1999 are shown in Table 1.

Table 1.  Water balance based on the data from 1999 

Hydrological Components Amount of water (mil. m3/yr) 
  Groundwater inflow (QI)                          42.65 
  Groundwater outflow (QO)                          30.77 
  Groundwater recharge (QP)                          40.28 
  Groundwater and river exchange (QR)                        287.49 
  Groundwater abstraction (QAB)                        339.25 
  Change in groundwater storage ( V)                            0.40 

4.6.  Conceptual Model 

The groundwater basin in the study area is characterized as the unconfined basin with 
groundwater inflows from the North. Recharge area is located in the West and the East 
spreading along the groundwater basin boundary. Discharge area is identified in the flood-
plain in the central part of the study area. The Chao Phraya River is the main groundwater 
divide and half separating the groundwater basin. The groundwater outflows from the basin 
in the South of the study area. The regional groundwater patterns initial from the recharge 
area located along the basin boundaries. These areas are covered by consolidated rocks and 
unconsolidated aquifers spreading in the high land in the West of Changwats Kanchana Buri, 
Uthaithani, northern part of Changwats Chai Nat, Nakhon Sawan, and the eastern of 
Changwats Lop Buri and Saraburi. 

The groundwater from the recharge areas flows into the unconsolidated aquifers 
towards the central part of the study area. The aquifers are inter-bedded with clay layers so as 
to form the semi-confined aquifers in the areas of the basin boundaries and confined aquifers 
at depths towards the center of the basin. The groundwater flow directions initial from the 
West and the East into the central portion of the basin and from the North to South 
conforming with the directions of topographic expressions. Aquifer characteristics are 
heterogeneous and anisotropic in hydraulic conductivity. Aquifer I is found to be the semi-
confined aquifer whereas Aquifers II, III and IV are semi-confined and confined aquifers. 
The conceptual groundwater flow model of the study area is illustrated in Figure 3.
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  Water balance and conceptual model of the lower central plain.  Figure 3

Study of Groundwater Potential by Groundwater Simulation  in  the  Lower Central Plain
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5.  Mathematical Groundwater Simulation  

 The purpose of the groundwater simulation in the Lower Central Plain is to assess the 
safe yield of groundwater sources.  The methodology and procedure of the study consist of 
steady and transient state conditions. The steady state simulation used the data acquired in 
1999 whereas the transient state simulation used the data obtained during 1999-2003. After 
the model calibration, the model is used to evaluate groundwater safe yield in each aquifer in 
the study area regionally and locally (individual Changwat and Amphoe). 

5.1.  3-D Mathematical Model Design  

The model domain covered 11,625 km2 extending from the UTM grid reference of 
583000 - 708000 East (125 km) and 1595000 - 1688,000 North (93 km). The model grid 
spacing was set to 1000 m square in x and y directions. The model layers were divided into 7 
layers of aquifers and aquitards. These include 4 layers of sand and gravel aquifer with 3 
intercalated clay layers as illustrated in Figure 4.

  The model physical boundaries were specified for the existing solid rocks and main 
rivers. The hydrogeological boundaries were assigned for groundwater divides and stream 
lines. The boundary conditions were specified in accordance with the conceptual flow model 
and the water balance results as in the following (Figure 4). 

1. The top part of the model is specified as specified head boundary or temporal head 
where groundwater head varies with time due to change in recharge, 
evapotranspiration, groundwater abstraction and change in water levels in rivers 
and surface water bodies. 

2. The bottom boundary was the clay layer underlying the Aquifer IV. This clay 
layer was assigned as no flow boundary. 

3. The North and South boundaries of the model domain is specified as specific flux 
boundary where groundwater flow rates are known. 

4. The East and West boundaries of the model specified as the general head 
boundary (GHB) was given for Aquifer I and used the GHB package to simulate 
the model in the unconsolidated aquifers were specified as no flow boundaries due 
to high order of difference in the hydraulic conductivity between unconsolidated 
and consolidated aquifers. 

5.2. Parameters Estimation 

Recharge rates 
Net recharge rates and recharge areas in the model domain can be assessed from root 

zone, water balance calculation, monthly rainfall data analysis, hydraulic conductivity of 
soils, landuse, surface runoff, evapotranspiration, irrigation water, and topographic 
expressions.
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Grid model design and boundary condition of 3 D mathematical model.  Figure 4 

Study of Gr3oundwater Potential by Groundwater Simulation  in  the  Lower Central Plain



Thematic Session: “Geo-environment of Delta and Groundwater Management in East and Southeast Asia”  107

Surface water 
The surface water sources considered in this study include the main rivers found in 

the area. These are the Chao Phraya, Noy, Tha Chin, Lop Buri and Pasak Rivers. The data 
used for model input include river water levels, elevation of river bed, river width, length, 
and vertical hydraulic conductivity (Kv) of the river base. The Kv of the river bed is assumed 
to be 5 x 10-5 m/s and the average river base thickness is assumed to be 1 m throughout the 
river length. 

Groundwater usage 
The assessment of the groundwater usage in the area was conducted based on 3 

categories of water usage, namely, groundwater for domestic consumption, groundwater for 
commerce and industry, and groundwater for agriculture. The data obtained from these 
sources were incorporated with field survey data. The data were then plotted and identified 
by various organizations such as the Regional Water Supply Authority, Village Water Supply 
System, groundwater usage license registry, field survey data and the water usage estimation 
by villages.  

Hydraulic Properties of the Aquifers 
The assessment of the hydraulic parameters such as horizontal hydraulic conductivity 

(Kh or Kx, Ky), vertical hydraulic conductivity (Kv or Kz), Specific yield (Sy), Storage 
coefficient (S) and porosity ( ) can be performed using the hydrostrategraphic unit 
characteristics, pumping test data, and can be obtained from previous investigations and 
reports.

Steady State Simulation 
 The steady state groundwater flow simulation was carried out by using the data 
obtained in 1999 and was assumed that water level was constant unit time. The purposes of 
this simulation were to: 

1. verify the flow pattern as developed in the conceptual model, 
2. verify the accuracy of the assigned model boundary conditions, 
3. compare the hydraulic conductivity (K) with the recharge rates to groundwater 

reservoir. 

 In the steady state simulation the inflow side boundaries were specified as the general 
head boundaries due to known water levels from observation wells monitored in 2003. The 
top boundary was the sources and sink boundary. Model parameters calibration was 
conducted by comparing the model computed groundwater heads with the measured heads 
from 114 observation wells. The comparison showed that the calibrated heads had the 
minimum absolute mean error of 3.26 meters and the error deviation of approximately 7.31%. 

 The calculated groundwater flow pattern is similar to that of the conceptual model, 
i.e., the groundwater flows from recharge areas (high lands) located along the boundary of 
the basin to the flood-plain areas of the Chao Phraya, Tha Chin, Lop Buri, and Pasak Rivers. 
The distribution of groundwater heads and flow pattern are shown in Figure 5. The recharge 
rates and the hydraulic conductivity values obtained from model calibration are illustrated in 
Tables 5-1 and 5-2.
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Figure 5 Calculated fluxes and groundwater flow directions of the aquifers. 
Study of Groundwater Potential by Groundwater Simulation  in  
the  Lower Central Plain 
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Table 5-1.  Recharge rates used in steady state simulation 

Type of recharge area Zones of recharging Recharge rate
(m/day)

Low land Paddy field Central of the Chao Phraya River and 
its tributaries flood-plain cover 
Changwats Lop Buri, Sing Buri, Ang 
Thong, and Suphan Buri

0

High land Paddy field Paddy field in Changwats Chai Nat, 
Suphan Buri, and Saraburi

2.27E-5

Field crops in high 
permeable soil 

Western and Northern range of the 
study area in Changwats Suphan Buri 
and Nakhon Sawan

3.41E-5

Forest Southwestern, Eastern, and 
Northwestern area in Changwats 
Suphan Buri, Lop Buri and Chai Nat 

1.14E-5

Table 5-2.  Hydraulic properties of aquifers used in steady state simulation 

Aquifer Kx and Ky 
(m/s) 

Kz 

Aquifer I 1.00E-07 - 3.16E-03 1.00E-08 - 3.16E-04 

Aquifer II 2.00E-07 - 2.38E-03 2.00E-08 - 2.38E-04 

Aquifer III 1.00E-07 - 2.11E-03 1.00E-08 - 2.11E-04 

Aquifer IV 2.99E-05 - 1.48E-03 2.99E-06 - 1.48E-04 

Clay 1.00E-09 1.00E-10 

Remarks:   Kx, Ky:  Hydraulic conductivity in X and Y direction (m/s) 
        Kz : Hydraulic conductivity in Z direction (m/s)
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5.3.  Transient State Simulation 

The objective of the transient state simulation is to calibrate the temporal water levels 
computed by the model with those temporally monitored in the field. The simulation was also 
used to verify the data set that would be applied to predict the groundwater flow within 15 
years simulation scenario (1999-2014). The first 5 years temporal data acquired from 
November, 1999 to November, 2004 were used to calibrate the model parameters computed 
by the simulation. After the model parameters calibration and verification, the future 
groundwater flow prediction simulation for 10 years scenario was carried out (from 
December, 2004- November, 2014).  

The transient state simulation is similar to that of the steady state except the two 
additional conditions, namely; 

1) parameters of which the value change with time (monthly average data), the 
simulation time step is monthly or 30.42 days, and 

2) additional parameter values adjustment is made for recharge rate and storage 
coefficient to calibrate the computed heads with those observed from 52 
observation wells in the bi-monthly field (May 2000-December, 2003). 

The calibrated hydraulic conductivity and storage coefficient obtained from the model 
simulation are tabulated in Tables 5-3 and 5-4, respectively. The results of the model 
simulation shows that the minimum average absolute error is 2.67 m or the value of the error 
deviation is approximately 6.54%. The trend of the seasonal groundwater level fluctuation 
obtained from observation wells is shown in Figure 6.

The annual groundwater balance obtained from the simulation shows that the 
groundwater replenishment from precipitation is about 40.27 mil. m3, the influx from the 
basin side is approximated 47.18 mil. m3, and influx from rivers is nearly 255.72 mil. m3. The 
total inflow of groundwater into the basin is approximately 323.21 mil. m3. The groundwater 
outflows from the groundwater system consist of outflow to rivers of nearly 19.95 mil. m3,
and groundwater abstraction of 338.93 mil. m3. The total outflow is nearly 358.88 mil. m3. In 
addition, groundwater leakage occurs in all aquifers as illustrated in Figure 7. The direction 
of groundwater flow for 5 years transient state simulation is shown in Figure 8.
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Table 5-3.  Recharge rates used in transient state simulation 

Type of 
recharge area 

Zones of recharging Time of recharge Recharge rate
(% of rain fall)

Low land 
Paddy field 

Central of the Chao Phraya 
River and its tributaries 
flood -plain cover. 
Changwats Lop Buri, Sing 
Buri, Ang Thong, and 
Suphan Buri

- 0 

High land 
Paddy field 

Paddy field in Changwat 
Chai Nat, Suphan Buri, and 
Saraburi

August 0.56 

Field crops in
high
permeable soil 

Western and Northern range 
of the study area in 
Changwats Suphan Buri and 
Nakhon Sawan

May
August

September 
October

4.23

Forest Southwestern, Eastern, and 
Northwestern area in 
Changwats Suphan Buri, 
Lop Buri and Chai Nat 

September 
October

8.64

Table 5-4.  Hydraulic properties of aquifers used in transient state simulation 

Aquifer Kx and Ky 
(m/s) 

Kz Effective
Porosity

Specific
Yield
(Sy)

Specific
Storage

(1/m)

Aquifer I     1.00E-07 -
    3.16E-03 

    1.00E-08 -   
    3.16E-04 1.0E-01 2.0E-03 4.00E-04 

Aquifer II     2.00E-07 -
    2.38E-03 

    2.00E-08 -
    2.38E-04 1.0E-01 2.0E-03 4.00E-05 

Aquifer III     1.00E-07 -
    2.11E-03 

    1.00E-08 -
    2.11E-04 1.0E-01 2.0E-03 2.00E-05 

Aquifer IV     2.99E-05 -
    1.48E-03 

    2.99E-06 -
    1.48E-04 1.0E-01 2.0E-03 1.00E-06 

Clay     1.00E-09     1.00E-010 1.0E-01 1.0E-06 1.00E-07 

Remarks:   Kx, Ky: Hydraulic conductivity in X and Y direction (m/s) 
 Kz : Hydraulic conductivity in Z direction (m/s) 



112  Them
atic Session: “G

eo-environm
ent of D

elta and G
roundwater M

anagem
ent in East and Southeast Asia”

 Hydraulic head fluctuation of transient state comparison  with observation data.  Figure 6

Study of Groundwater Potential by Groundwater Simulation  in  the  Lower Central Plain



Thematic Session: “Geo-environment of Delta and Groundwater Management in East and Southeast Asia”  113

 Figure 7 Annual groundwater balance 
Study of Groundwater Potential by Groundwater Simulation  in  the  
Lower Central Plain 
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Figure 8 The direction of groundwater flow of transient state after 5 years 
simulation 

Study of Groundwater Potential by Groundwater Simulation  in  
the  Lower Central Plain 
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5.4.  Conclusion  

Groundwater safe yield definition as discussed is used as the criteria to evaluate the 
safe allowable maximum water usage in each aquifer. The simulation of the future 
groundwater condition (2004-2014) was performed to evaluate the groundwater safe yield. In 
the simulation, groundwater pumping rates were increased to the maximum rate that caused 
groundwater level drop to the specified critical depths for each aquifer. The simulation data 
were then processed and groundwater safe yield in each Changwat and Amphoe was 
determined. The simulation results were transferred into the GIS database system for spatial 
analysis to produce the current groundwater usage, groundwater safe yield distribution, and 
potential of additional groundwater usage map in terms of Changwat and Amphoe scales. 
Then concluded in Table 5-5.  However, it can be concluded as in the following : 

Aquifer I: the present groundwater usage is about 124 mil. m3/year and groundwater 
safe yield is approximately 179 mil. m3/year (Table 5-5) with allowable increment of 
approximately 55 mil. m3/year. Generally, safe yield for most areas are in the range of 50-500 
m3/day. The potential for high groundwater quantity from Aquifer I is found in the central 
part of the study area. These include the areas of Changwats Sing Buri, Ang Thong, and Chai 
Nat. These areas show high potential for groundwater development with the safe yield of 
500-5,000 m3/day. The areas of Changwats Lop Buri, Saraburi, and Amphoe Nong Ya Sai in 
Changwat Suphan Buri show groundwater potential with the safe yield lower than 50 m3/day.

Aquifer II: the present groundwater abstraction is nearly 96 mil. m3/year. The 
groundwater safe yield is approximately 250 mil.m3/year (Table 5-5). The areas that show 
high groundwater safe yield is found in the central part of the study area. The groundwater 
safe yield in Changwats Suphan Buri and Phra Nakhon Si Ayuthaya varies locally from 50-
500 m3/day and lower than 50 m3/day in places. 

Aquifer III: the overall present groundwater abstraction from this aquifer is estimated 
at 80 mil. m3/year with the calculated safe yield of 191 mil. m3/year (Table 5-5). Additional 
allowable groundwater abstraction is estimated at 111 mil. m3/year. The areas that have high 
potential for groundwater development include Changwats Chai Nat, Sing Buri, and Ang 
Thong which show groundwater safe yield varying from 500-5,000 m3/day. The low 
groundwater safe yield was estimated identified in the areas of Changwats Suphan Buri and 
Saraburi.

Aquifer IV: the overall groundwater abstraction is calculated to be nearly 30 mil. 
m3/year (Table 5-5) with the estimated safe yield of 98 mil. m3/year. The allowable additional 
groundwater abstraction is approximately 68 mil. m3 /year. The high safe yield of 500-5,000 
m3/day is found in the areas of Changwats Ang Thong, and Suphan Buri. The areas along the 
border of the basin show the groundwater safe yield of 50-500 m3/day.

The results of the study indicate that the groundwater resources in the Upper Lower 
Central Plain can be developed using the safe yield concept outlined in this study. The overall 
groundwater safe yield for all 4 aquifers is approximately 720 mil. m3/year.
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Table 5-5.  Summary of current groundwater usage, safe yield, and
potential of additional groundwater development of all aquifers

                 (Unit : mil. m3/year)

No. Aquifer
Current

Groundwater 
Usage

Safe Yield 
Potential of additional

groundwater 
development

1.  Aquifer  I            124.09       178.85               54.76 

2.  Aquifer  II             96.42       250.76             154.34 

3.  Aquifer III             79.69       191.24             111.55 

4.  Aquifer IV             28.53         97.49               68.96 

Total           328.73       718.34             389.61 
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Geological Survey, Utilization and State Management
of Groundwater in Vietnam

Nguyen Thanh Van 

Department of Geology & Minerals of Vietnam 
Vietnam

Summary

Water resources potential of Vietnam is rather large. For surface water alone, there 
are 2360km of long rivers (over 10km) currently flowing which supply 255b.m3    of water 
annually. Groundwater (GW) can potentially supply 60b.m3 /year. The demand for water is 
80b.m3 yearly (calculated in 2000), and it is estimated that this will increase by two billion 
m3 annually in the first half of the 21st Century. At the present time Vietnam is facing a 
potential danger of water shortage due to unplanned water extraction, illegal exploitation of 
groundwater sources and water pollution from various sources (chemical, biological, 
industrial and medicinal wastes). For this reason the geological survey, management and 
usage of groundwater is being given greater attention by the  Government of Vietnam in 
order to maintain the sustainable development of clean water sources to supply domestic 
needs and to enhance the course of industrialization and mordernization of the country. 

Legislative framework of the State management system 
for groundwater (GW) resources 

Enactment of the *Law on Water Resources (1998) was followed by Government 
Decree 179/1999/ND which guides implementation of the Law and stipulates the function 
and duties of State institutions to be responsible for groundwater management. The newly 
established Ministry of Natural Resources and Environment (2002), MONRE, is now 
assigned these responsibilities and the Department of Water Resources Management assists 
the Minister of MONRE to undertake these functions. 

The Department of Natural Resources and Environment (DONRE) manages 
groundwater resources at provincial and State related municipal levels in accordance with the 
following;

Law on Environmental protection (1993) followed by the Gov. Decree 175 
guiding the implementation and functions of State Agencies to be responsible for 
environmental protection; 

Instruction N-200/TTg (1994) by the Prime Minister (PM) on ensuring sufficient 
water supply and environmental protection for rural areas; 

Instruction by PM (1996) –Enhancing the State management over water resources; 

Decision 63/1998/QD-TTg by PM (2000) –Orientation on water supply and 
development for urban areas until 2020; 

Decision N-67/2000/QD/TTg by PM (200) –Establishment of the State Council on 
Water Resources; 
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Decision 104/2000 QD/TTg (2000) –Master plan on clean water and 
environmental hygiene in the rural areas; 

Decision QD99/2001/QD-TTg by PM promulgating the Regulation on 
Organization and activities of the State Council on Water; 

QD 357/Mard promulgating Interim Regulation on Granting Exploration License, 
Exploitation License and water drilling business and registration of groundwater 
extraction work; 

Decision N-05/2003QD/BTNMT by MONRE (2003) to define the procedure on 
granting Exploration License, Exploitation License and well running business for 
groundwater;

Instruction 02/2004/CT-BTNMTT (2004) by MONRE for enhancement of State 
management over the groundwater resources; 

State Decree 149/2004ND-CP defining Procedure to grant Exploration, Extraction 
Licenses, and waste water discharge. 

1. State Management Over Water Resources 

Central Government Level 

The Ministry of Natural Resources & Environment (MONRE) is responsible for State 
management of water resources, and the Department of Water Resources Management 
(DWRM) assists the Minister of MONRE to undertake this task and guides the local agencies 
involved (see Figure 1). 

After two years of operation, MONRE has reviewed all the matters related to the GW 
management system and has instructed transparent management of these natural resources, 
from Central government to local authority, in order to ensure sufficient and good quality 
water supply to the community. Overall assessment has been done to avoid overlapping 
activity and inadequate investment. Special attention has been given to GW exploration, 
exploitation, utilization and planning as well as illegal extraction, pollution and saline 
intrusion that render the GW table unstable. 

At present MONRE implements four kinds of laws; the Water Law, Mineral Law, 
Law on Environmental Protection and Land Law and regulations related to these Laws. 
Structured within the MONRE are four Departments to assist the Minister to manage natural 
resources: The Department of Water Resources (Water Law), Department of Geology and 
Minerals of Vietnam, Department of Land and Department of Environmental Protection 
(Figure 1).
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Figure 1.   Governmental Organizational System Involved in  
 Groundwater Resource Development

The Department of Geology and Minerals of Vietnam (DGMV) undertakes geological 
survey for groundwater, hydrogeological mapping, environmental geology studies on 
groundwater and establishment of groundwater monitoring network (national). Structured 
within DGMV there are three Hydrogeological & Engineering Divisions which are staffed by 
about one thousand personnel and are located in the Red River delta plain (Hanoi), the 
Mekong Delta (Ho Chi Minh City), and Central Vietnam (Nha Trang City). These three 
Divisions have been assigned the same functions by MONRE, which are, to carry our 
hydrogeological surveys and studies, mapping and environmental geology. 

The Department of Environmental Protection (DEP), carries out environment 
inspection of all kinds of pollutants and supervision of compliance with the Law on 
Environmental Protection. Enhancement of mitigation of environmental pollution of water is 
also one of their objectives. Besides, the DEP also protects rational utilization and extraction 
of groundwater to ensure a clean water supply for the community. 

2. Management on Groundwater Utilization 

The Ministry of Agriculture and Rural Development (MARD, see Figure 1) is 
delegated to carry out State management functions regarding water extraction and clean 
water supply including water hygiene for rural areas’ use.
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The Ministry of Industry (MOI, Figure 1) has taken over the task of State 
management of water extraction to serve industrial production. 

The Ministry of Construction (MOC, Figure 1) manages supply from clean water 
sources to urban areas 

3.  Current Status of Groundwater Exploitation and Supply 

With continued growth of the national economy the demand for water is rapidly 
increasing. During the past fifteen years, domestic demand has almost doubled and is six 
times higher for industrial purposes. Furthermore, it is also estimated that demand for 
groundwater will increase by up to 6.5 times in the 2020s (510-520 b.m3 /year) in comparison 
with that in the years of 1990 and 2000 (Figure 2).

There are three types of groundwater abstraction in Vietnam as follows: 
-  Large scale abstraction (centralized) 
- Small scale abstraction (individual or private) 
- Groundwater abstraction for rural supply 

a) Large scale groundwater abstraction

This kind of GW exploitation is conducted provincially or municipally to provide the 
very large supply for communities in provinces or cities as shown bellow: 

Region Capacity 
(m3/day)

Northern part of Vietnam 509632 
Central part 191466 

Southern part of Vietnam 691587 
Total 1392685 

  b)  Small scale groundwater abstraction (individual) 

This kind of exploitation is conducted by individuals or private entities to supply 
factories, enterprises, offices, army units or groups of the population who drill wells for 
abstracting GW.  The overall amount exploited for the country has not been fully recorded 
yet; for example, 801 wells have been recorded in the Northern Red River Plain with a total 
capacity of 238,300 m3/day.

c) Rural groundwater abstraction and supply 

 In some rural areas, under the Center for Clean and Hygienic Water Supply, the rural 
population is drilling wells by themselves. According to one case study in the Northern Red 
River Plain, the wells developed under a UNICEF Programme recorded an abstraction 
capacity of 376,854 m3/day.
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4.  Water Supply Planning Until 2020 

The PM has adopted a Master Plan for water supply for national urban areas until 
2020(Decision N-63/1998/QD) and it stipulates targets as shown in the following table.  
(Table 1)

Table 1.  Water supply planning until 2020 

Period % of population supplied 
with clean water 

Amount water supplied  
litres/person/day 

City of 1st category 
2010 100 165 
2020 100 180 
City of 2nd category and city planned for fast economic development 
2010 95 150 
2020 100 165 

Cities of 3rd ,4th,5th Categories 
2010 90 120 
2020 100 150 

Provincial and Districts’ cities 
2010 80 80-100 
2020 100 120 

5.  Geological Survey and Research Work on Groundwater 

The basic geological survey of groundwater has been conducted by DGMV in stages 
as follows: 

- Basic geological survey; 
- Investigation, exploration and resource assessment; 
- Establishment of national monitoring network covering the whole country. 

a) Basic geological survey on GW has been conducted to define the general 
characteristics and distribution of GW. The work comprises hydrogeological mapping at 
various scales.  (Figure 3)

Hydrogeological maps at 1/500.000 scale covering the whole country were 
completely compiled in 1983. Mapping at medium scale (1/200.000) has continued since 
1973, when work started from plain areas of economic significance. Currently three-quarters 
(3/4) of the area of Vietnam (240,000 km2) has been covered by hydrogeological surveys at 
1/200.000 scale. Surveying at this latter map scale was undertaken over various periods of 
time so editing and compilation of the map sheets for publication has so far not been 
completed. 

Hydrogeological mapping at a large scale has been conducted mainly at the scale 
1/50,000.  This work was started in the 1970s covering urban, economic development areas.  
An estimated area 30,000 km2 has been covered constituting 10% of the total area of 
Vietnam. 
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 Geological survey has been conducted in the areas promising for GW sources in 
remote, mountainous areas where social and economic development is very poor, and current 
supply is inadequate. This is one of the current Government’s socio-economic development 
policies on hunger eradication and poverty alleviation. 

b)  Groundwater investigation and exploration 

Since 1960, groundwater investigation and exploration work comprises reserve 
evaluation of GW and, recently, this work is mainly undertaken by appropriate units of 
DGMV and other entities. Up to the present, some one hundred and fifty areas of varying size 
have been investigated covering 60,000 km2.

The GW reserve calculation results are as follows: 

- Measured GW reserve (category A) - 720,000 m3/day;
- Indicated GW reserve (category B) - 870,000 m3/day;
- Possible GW reserve (category C1) - 1,500,000 m3/day.

 Groundwater monitoring has been focused on the special economic regions of the 
Red River Delta Plain, Southern Mekong Delta Plain and Central High Land. Groundwater 
study based on a monitoring network has been conducted from 1990 to 1995 and the results 
are summarized below. 

- Red River Delta Plain. Covering an area about 17,000 km2, the Red River Delta 
plain comprises 12 Northern provinces surrounding the Red River basin. Groundwater study 
and monitoring has been undertaken in these provinces with 211 stations averaging 80 
km2/each well. Abstraction in Hanoi is now booming and total capacity is about 
600,000m3/day. For the Hanoi area there are 67 monitoring stations. 

- Mekong River Delta Plain (Southern Plain). Covering an area about 57,000 km2

this delta plain embraces Dong Nai and the Mekong River delta system. Currently there are 
224 monitoring stations established in 16 southern provinces with 260 km2/each in average. 
A regular GW monitoring network is going to be established in Ho Chi Minh City, Can Tho 
and Binh Duong provincial towns. 

- Central High Land (Tay Nguyen plateau). In an area of 55,000 km2, 203 monitoring 
stations have been installed, distributed over the four mountainous provinces, with the grid 
density of 270 km2 each.  Regular monitoring observations have been taking place 
continuously for between seven and twelve years. 

Monitoring observations include GW level, temperature, water quality, contamination 
by toxic chemical elements including heavy metals, insecticides and fertilisers. 

As far as depth to the water table is concerned, the greatest depth is in boreholes in 
the Hanoi surrounding area, where it reaches 34.57 m.  The greatest depth in Ho Chi Minh 
City (Mekong River Delta) and the surrounding areas is 25.8-27 m and in Camau (utmost 
southern province of Vietnam) it is 13 to 15 m.  In the Central High Land (Tay Nguyen 
Plateau) the deepest water table is 33-34 m. 
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c)  Environmental study of Groundwater 

For the past several years, people have been aware of the danger posed by polluted 
water. Consequently, studies of groundwater pollution are being actively promoted by the 
Government of Vietnam. According to the monitoring observation results, GW of the Red 
River Delta plain (in the Northern plain) is seriously polluted but is less so in the Tay Nguyen 
Plateau and Southern Plain. Toxic chemical elements, such as Mn, As, F, Hg are frequently 
found to be much higher than the acceptable limit categorized by the Ministry of Sciences & 
Technology (2.2 mg/l for Mn, As, and F). Also, NH4

+ often exceeds the acceptable limit. The 
results from a case study of the Red River Plain are summarized in Tables 2 and 3. Table 4
shows limiting values for groundwater contamination. 

Table 2.  Concentration of metals in qp aquifer

Area(s)

Element 
Characte

-
ristics

Ha
Noi

Ha
Tay

Vinh
Phuc

Ha
Nam

Nam 
Dinh

Thai
binh

Hai
Phong

Quan
g

Ninh

Bac
Ninh

Hung
Yen

Average 0.04 0.07 0.01 0.06 0.008 0.00 0.004 0.001 0.003 0.01 As
Max 0.213 0.267 0.014 0.06 0.008 0.002 0.004 0.001 0.003 0.012

Average 0.85 1.19 0.61 0.58 0.36 0.96 0.09 0.07 1.05 1.48 Mn
Max 9.38 3.12 0.98 0.58 0.36 0.96 0.09 0.07 0.003 0.012

Average 11.25 7.32 5.01 7.79 3.23 42.88 2.79 15.24 14.18 12.67Fe
Max 244.5 17.4 12.5 13.96 6.98 66.85 2.79 30.47 28 22.3 

Table 3.  Ni and Hg concentration in qp aquifer (mg/l)   

   Element         Average Max No of 
sample/Total

% higher 

Hg 0.0001 0.0002 0/25 0.0 
Ni 0.0100 0.0280 4/25 16.0 

Table 4.  Limiting values for groundwater contamination and 
      character of the contaminating elements 

 LV(mg/l) for 
groundwater 

contamination
TCVN 5944-

1995

Sources Effect

Mn

0.1-0.5 Mine waste, microbiological process 
in magnesia ore at  

low pH value

 less toxic in 
animals, toxic in 

plants in high 
concentration   

Total Fe 1-5 Wide distribution in earth’s crust    

As 0.05 In mineral components, pesticide, 
chemical waste    

toxic, can cause 
cancer

Ni 0.02* Industrial waste    
Hg 0.001 Industrial waste, mining, pesticide   very toxic 
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Groundwater Modeling in the Greater Jakarta Area, Indonesia 
Results from Technical-Cooperation Projects between BGR and DGMAE 

Gerhard Schmidt 

Federal Institute for Geosciences and Natural Resources (BGR), Germany 
Directorate of Geological and Mining Area Environment (DGMAE), Indonesia 

Abstract

Over the past decades, groundwater utilisation in major Indonesian cities has tended to 
increase continuously. In several big cities in Java such as Jakarta, Bandung, and Semarang, 
deterioration of both the quantity and quality of groundwater has been observed, while 
degradation of environmental quality such as land subsidence due to groundwater over-
exploitation is already evident.

Drinking water and raw water demand in Indonesia is largely met from surface water 
from rivers, dams, spring water, as well as the extraction of shallow groundwater. However, 
production from deep groundwater reservoirs is also being used to satisfy the increasing 
demand for drinking water. Because of the generally low hydraulic permeability of the 
groundwater aquifers, there is only limited regeneration and thus limited supplies of deep, 
qualitatively pure groundwater. The first deep wells for water extraction were drilled around 
1900 (Jakarta, Semarang, Yogyakarta, etc.) when access to free flowing (artesian) 
groundwater was relatively simple. This source has been used more and more since around 
1950 and a dramatic reduction in groundwater potential has been observed since 1970 
associated with the enormous increase in the population and industrial expansion in 
Indonesian conurbations, particularly in Java. Increased drilling and associated groundwater 
extraction has led to a rapid reduction of the artesian pressure and to the consequent further 
use of pumps. 

The associated supply problems are highlighted by the situation in the Greater Jakarta 
area where the population rose from approximately 1.5 million in 1950 to approximately 7.5 
million in 1985. The minimum population is estimated to reach 12 million in 2005. The 
drinking water supply for around 75 % of this population has to be provided from 
groundwater. Extraction comes from shallow groundwater (80 %) which has so far been able 
to regenerate from precipitation (determined for a time period of a few years). The remaining 
20 % must now, and in the future, be extracted from deep groundwater. When the deep 
groundwater was first developed, the pressure levels were around 10 m above sea level. 
Extraction from the deep groundwater aquifer has in the mean time led to a regional lowering 
of pressure levels to more than 20 m below sea level. The effects of this over-exploitation of 
the deep groundwater are highlighted by the increased intrusion of seawater and surface 
subsidence. Similar developments have also been observed in parts of the Greater Semarang 
area, amongst others. Jakarta and Semarang highlight the need for development plans for 
groundwater resource management.  

Groundwater studies in different areas in the country such as Java, Bali and Sulawesi, 
were used to develop hydrogeological and geohydraulic models which provide a basis for 
planning for potential remediation and for the current and future management of groundwater 
resources. The projects were jointly conducted by the Federal Institute for Geosciences and 
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Natural Resources (BGR) and the Directorate of Geological and Mining Area Environment 
(DGMAE), belonging to the Directorate General of Geology and Mineral Resources, Ministry 
of Energy and Mineral Resources, formerly Directorate of Environmental Geology (DEG), in 
Bandung.

As considerable time has elapsed since these studies were carried out, it was found 
necessary, and as a matter of great interest, to study the actual development of the 
groundwater situation over the period since the model was originally set up. The Federal 
Ministry for Economic Cooperation and Development (BMZ) has commissioned the BGR to 
conduct a project "Groundwater quantification – Validation of groundwater models" aimed at 
vali-dating the groundwater models that have been developed so far, including Jakarta, 
Semarang and Bandung. 

Confirmation of the prognosis validity of all of the models is demonstrated by the fact 
that the models can all continue to be used without modification: they are still able to simulate 
any required scenario in groundwater management by up-dating the groundwater production 
data and adjusting the time parameters within the models.  

1. Introduction                 

Rapid urbanisation and industrial growth since the 1970s has led to the mining of 
groundwater because surface water supplies are inadequate to meet urban and industrial 
demands. Groundwater withdrawal in the Jakarta area has resulted in changes to the recharge-
discharge system. Consequently, since the early 1900s the water levels in deep wells have 
declined far below sea level. 

The total water demand increased from 10 MCM (million m3) in 1950 to 450 MCM in 
1985 and is going to further increase to at least 1200 MCM in 2005 (JICA 1984). In 1985 the 
total city water demand of 450 MCM was met both by surface water from rivers and 
reservoirs and by groundwater: 200 MCM were pumped from innumerable shallow wells and 
50 MCM from deep wells. Due to further industrial development the groundwater production 
in 2000 is estimated to be at a rate of 70 MCM. 

As the population of Greater Jakarta has increased from 1.5 million inhabitants in 
1950 to 7 million in 1985, and is forecast to increase to approximately 12 million in 2005, the 
water supply for the whole district is a continuing challenge of vital concern with respect to 
both quantity and quality. Since the early 1980’s piezometric heads in the deeper aquifer zone 
(at a depth between 40 and 140 m below sea level) have been strongly influenced by intense 
groundwater production in the northern parts of Greater Jakarta (DKI Jakarta). Although huge 
quantities of surface water are available in general from rainfall and rivers, the pressure heads 
have dropped down to 40 metres below sea level (DEG, Bandung, 1997). Because of the very 
low hydraulic conductivity the recharge of the aquifer system is limited. 
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Figure 1.

The area of hydrogeological 
investigations selected for detailed 
numerical model studies (1985 and 
2000) extends to Jakarta Bay in the 
north, to the Cipekayon River in the 
west, to the Bekasi area in the east and 
to the Depok area in the south. The 
model boundaries of the aquifer system 
were established at the Java Sea, the 
Cisadane River, and the Bekasi River 
forming a triangle of 1,800 km2, which 
includes the Jakarta city district (DKI 
Jakarta). The area of the revised 
groundwater model (2000) comprises 
2,600 km2, bordered by the river 
Cipekayon and Rawameme / Bekasi in 
the west and east respectively. 

The bottom of the aquifer-aquitard 
system is formed by Miocene sediments 
which crop out at its southern boundary. 

The basin fill consists of Pliocene and 
Quaternary fan and delta sediments up 
to 300 m in thickness. The thickness of 
the individual mainly fine-sandy aquifer 
layers intercalated in a predominantly 
silty to clayey sequence ranges from 
only 1 to 5 m, totalling only some 20 % 
of the entire sequence. 

2. Groundwater System 

The horizontal hydraulic conductivity (KH) has a mean value of 1.3 m/day 
(1.5 10-5 m/s) ranging from 0.4 to 2.1 m/day (5 10-6 to 2.5 10-5 m/s). The vertical hydraulic 
conductivity (KV) has a mean value of 2 10-4 m/day (2 10-9 m/s). Thus, the anisotropy factor 
(KH/KV ratio) is in the order of 5000 for large parts of the aquifer system near the coast. The 
KH/KV ratio may amount to 500 or 100 in the uppermost part of the aquifer or in the southern 
part of the model area, respectively. The storativity of the deep aquifer system is between 10-4

and 10-6, typical for a confined aquifer (SOEFNER et al. 1986, SCHMIDT & SOEFNER 
1988).

Under natural flow conditions, the recharge area of the deep aquifer system was 
situated in the southern hilly area at altitudes of between 25 to 200 m above mean sea level. 
Discharge from the confined aquifer system to the natural base level of the flat coastal area 
occurred predominantly by upward leakage, evapotranspiration and outflow into the surface 
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water system. During the last few decades, recharge into the deep aquifer system, apart from 
horizontal inflow, may originate from downward leakage throughout the city, as piezometric 
heads of the confined system dropped regionally below that of the water table of the 
unconfined shallow aquifer. The shallow aquifer was fully replenished during normal rainfall 
years at least until 1985. Discharge from the deep aquifer system in 1985 was almost 
exclusively maintained by ground-water abstraction by deep wells. The actual 1985 
groundwater abstraction of 47 MCM/year from the deep aquifer system was not 
counterbalanced by the horizontal inflow across the hinge line of an estimated volume of 15 
MCM/year and by vertical leakage from the shallow aquifer. In response to over-exploitation, 
water levels in the confined deep aquifer system declined by 1 to 7 m/year from 1983 to 1985 
and were at 20 to 30 m below mean sea level during that period of time (SOEFNER et al. 
1986, DJAENI et al. 1986). 

The salinity of shallow groundwater gradually increases from below 500 in the south 
up to 2500 µS/cm in the north in the general direction of groundwater flow. In the coastal 
zone, the salinity of groundwater may rise up to 10000 µS/cm. The Ca-Na-HCO3 water-type 
prevails, gradually changing to the Na-Cl water-type with increasing salinity. 

Within the confined aquifer system, three zones of deep groundwater quality may be 
distinguished:

1. low groundwater salinity (EC < 500 µS/cm) and predominance of bicarbonate in 
the south, 

2. intermediate groundwater salinity (EC: 500 to 1,500 µS/cm) and Na-HCO3 water 
type within a small zone between latitude 93.15 an 93.20 in central Jakarta, 

3. highly variable groundwater salinity in the coastal zone: 

Brackish groundwater with chloride predominates at depths above 100 m below sea 
level, relatively fresh groundwater with EC ranging from 500 to 1,500 µS/cm and Na-HCO3
water-type at depths of between 100 to 200 m below sea level, and groundwater with 
increasing salinity (EC > 1500 µS/cm) at depths greater than 200 m below sea level. 

Seawater intrusion was mainly observed in the upper part of the aquifer system at 
depths above 100 m below sea level and at distances from the coast up to 6 km in the 1980s 
(SOEFNER et al. 1986, WIRYONO et al. 1999) and 10 km in 1990 (TJAHJADI 1991). 
MAATHUIS et al. (2000) favours the idea that the brackish groundwater of the shallow 
aquifer is a remainder of the time period of 4500 to 5000 years BP when sea level was about 
5 m above the current level. 

Measurable tritium has been found only in a sample from the recharge area in the 
south. There is a general trend of increasing and quite large conventional 14C ages from south 
to north. Hence, the bulk of groundwater in the aquifer system was recharged a long time ago. 
No definite relationship between conventional 14C age and sampling depth was found. In 
places, deep groundwater may have lower conventional 14C ages than shallow groundwater. 
The tracer velocity is roughly estimated to be in the range of 1 m/year. Rather low 
conventional 14C ages occur in southern and central Jakarta. The relationship between 18O
values and chloride concentrations hints at a marine origin of the salinity of the shallow 
groundwater in northern Jakarta. 
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Groundwater near the shoreline has elevated chloride concentrations of up to 
10500 mg/L and conventional 14C ages of between 5,000 to 30,000 years. Their 18O values 
and chloride concentrations plot on the mixing line between seawater and fresh water. The 
elevated groundwater salinity is caused by saltwater intrusion, however, high conventional 14C
ages indicate that mixing of seawater and fresh water took place at least locally in the past 
(GEYH et al. 1986, GEYH & SOEFNER 1989). 

The trend that 18O and 2H values decrease with increasing depth may reflect the 
altitude effect as the deep groundwater is recharged in the south where altitudes are above 
200 m rising up to 3,000 m above sea level, whilst the shallow groundwater is replenished at a 
surface level slightly above sea level (GEYH et al. 1986, GEYH & SOEFNER 1989; 
WONDOWO et al. 1985). 

3. Groundwater Flow Simulation 

For a general overview, a regional two-dimensional numerical vertical model has been 
developed in order to study the regional deep groundwater flow system down to a depth of 
2500 m (including the Tertiary sediments). This model extends about 90 km from Jakarta Bay 
up to the slopes of Salak volcano (Figure 2). The groundwater flow shows a relatively fast 
dynamic behaviour with velocities greater than 10m/a within the volcanic rocks. Most of the 
groundwater is discharging at the foothills after a short distance, e.g. at Ciburial (Bogor 
springs). Under certain local conditions, for example where fault features are exposed, hot 
groundwater may discharge, as can be observed at Ciseeng. Calculated particle travel time is 
comparable to water ages which have been estimated by 14C isotope-analysis at between 
10,000 and 30,000 years for the deeper aquifer system. 

Figure 2. The two-dimensional vertical model calculates the regional deep groundwater flow    
which is directed from Salak volcano down to Jakarta Bay (see section line at Figure1). 
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Another two-dimensional numerical vertical model (Figure 3) focuses on the Jakarta 
basin aquifer (Quaternary sediments). The sub-regional groundwater flow system reaches 
down to a depth of 300 m and has a horizontal extension of about 40 km from Jakarta Bay to 
Depok where the base of the aquifer system crops out. The distributions of the hydraulic 
conductivity values have been derived from the interpretation of aquifer tests and from the 
recompilation of old pump test data. This model was previously used to validate the estimates 
of conductivity and anisotropy for the Jakarta basin at a sub-regional scale. The comparison 
between calculated and observed groundwater heads leads to an excellent correlation at the 
centre of the aquifer system, where much historical data is available for various depths and 
times. According to the analysis of hydro-chemical data, the fresh groundwater front has 
moved approximately 2 km inland from position A in 1900 to position B in 1920, most 
probably caused by groundwater abstraction after 1900. 

Figure 3. The general and basic groundwater flow situation has been simulated by means of a 
two-dimensional vertical model. As the aquifer system is assumed to be unaffected by 
any groundwater production so far, the calculated heads reflect a natural initial 
situation with high artesian pressure at greater depths. 

With respect to the water salinity the possible long-term influences on the aquifer 
system, for example by sea-level regression, have been simulated by applying the SUTRA 
software (Saturated-unsaturated Transport, a finite-element simulation model for saturated-
unsaturated and fluid-density-dependent groundwater flow, C. Voss, U.S. Geological Survey). 
Considering the fact that about 5000 years earlier the sea level was 5 m above its current 
level, the aquifer has been intruded by seawater about 5 km more inland. Under the assumed 
hydraulic and basic model conditions (as illustrated in Figure 4) sea water encroachment 
depends on the groundwater pressure. Assuming that the rainfall conditions at that time were 
similar to the recent situation, the water table corresponds with the land surface and can be 
considered as being constant over time. 
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Figure 4. Hydraulic parameter, boundary conditions and basic values of water density as 
applied to the two-dimensional vertical model. Due to the sea-level regression the 
shore line has moved 5 km towards the north (from 0 to -5 km). 

Figure 5. Calculated salt concentration: after 5000 years the intruded sea water has been 
flushed by the ground-water. 
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Figure 6. Calculated salt concentration under different stress situations after 100 years of 
continuous ground-water production near the coast. The density of the pumped water 
changes slightly from fresh to brackish. 

Based on the general data situation and referring to the evaluation of a large number of 
observations and investigations in 1985, it was possible to formulate a relatively well 
calibrated three-dimensional ground-water flow model for a large part of the Jakarta Basin 
area. This model is a type of groundwater management model and was classified as a tool for 
water management planning. From those model results recommendations for further strategies 
for groundwater management in Jakarta were derived (1985). 

4.  Prognosis results (model 1985, Figure 7) 

According to the known conditions, the pressure levels in the exploited groundwater 
system sank slightly when applying the historical data on the volume and location of 
groundwater production up to 1950 (A). Lowering increased in line with increased abstraction 
(particularly since the 70s, B), and reached an almost stable condition at the same levels of 
groundwater production to 1995 (C1). This lowering is similar throughout the city but 
decreases from north (a) to south (e). In the most heavily exploited areas in the north (a, b), 
the regional pressure levels are 25 – 30 m below sea level. Because of the severe gradient 
between the nearby sea level and the centre of the depressed zones, accelerated intrusion of 
the salt water/fresh water boundary to the south can be expected in this area. 

To reduce lowering in the zone close to the coast, the production volumes were 
reduced step-wise in the model up to 2030, but the overall production rate is maintained at the 
same time by increasing production further south (C2, C3). For extraction distribution C2, the 
pressure levels increase in the north (a, b) by 10 – 15 m with respect to the reduction to 1995 
and drop in the centre (b) and the south (d, e) by around 2 - 7 m in line with the increased 
production rates. In extraction distribution C3, which models total shut-down in production in 
the north (a) and/or a reduction by 1/3 (b) after 1995, the pressure levels rose within a few 
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years to – 2 m and/or – 10 m with respect to sea level. In contrast, the pressure levels dropped 
by – 10 m to – 26 m in the centre from where 80 % of the total water extraction is now 
concentrated. 

 These measures have been expected to halt to a large extent the southward migration 
of the salt water / fresh water boundary. However, the increased production in the centre will 
probably have an effect on the shallow groundwater system (up to 40 m deep) which could 
sink below today's level during the dry season and when there is inadequate regeneration from 
precipitation. This would jeopardise supplies from the shallow wells which currently cover a 
large part of private needs in Jakarta's housing areas. 

Figure 7. Development of groundwater abstraction in the Greater Jakarta area between 1900 
and 1985 (model cases A, B and C1) and recommended revision (C2, C3).  

The calculated water levels at selected locations between 1900 and 2030 (with and 
without production) refer to a depth of 125 m below sea level. Recent water level observations 
from 1985 to 1999, plotted on the hydrographs, can be considered as indicators of 
groundwater production, which was modified locally after 1985. 
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Overall, the groundwater can only make a limited contribution to water supplies in the 
city of Jakarta. The available volumes which can be produced from the deeper groundwater 
system are minor if the unwanted extraction effects are to be avoided - such as an 
unacceptable lowering of the pressure levels and further migration of the salt water/fresh 
water boundary. The main priority for the shallow groundwater is associated with quality 
problems because of the proximity to the coast and the rapid development of the city which 
has no public sewerage system. 

 It has been recommended that the results of the Jakarta study should be used as a basis 
for discussions on the contribution of groundwater to drinking water supplies in Jakarta. The 
preliminary results have been incorporated in the final "Water Master Plan" report for Jakarta. 
The first step implemented on the basis of a recommendation from the DEG in 1985 was the 
demarcation of areas in Northern Jakarta in which the construction of new wells to extract 
groundwater from the deep groundwater system was banned. 

5. Model validation (2000): 

As a continuation of the Jakarta model investigations from 1985, and based on those 
basic assumptions, further model calculations were done in 2000 and special attention was 
paid to recent results from groundwater monitoring. In the Greater Jakarta area, groundwater 
monitoring has become continuous and regular. The data collected and compiled by DEG are 
presented by them in the form of groundwater-level hydrographs and groundwater-contour 
maps. The maps in particular are a documentation of the rapid changes in the aquifer system 
(Figure 8). In comparison to the predicted groundwater situation for 1995 (scenario C1 from 
1985) the total drawdown is much deeper than expected. Recently, within only three years 
(from 1994 to 1997), the additional drawdown amounts to about 10 m locally northwest of 
Bekasi and northeast of Tangerang. 

Figure 8: Recorded groundwater heads at a depth > 140 m below ground (deep aquifer) in 
1994 and in 1997. The groundwater contours are given in metres referring to mean 
sea level. Compared to the predictions the groundwater production strategy has been 
modified. Apart from a slight reduction in the central part the development has been 
intensified in the east (Bekasi) and in the west (Tangerang). As a result, the 
boundaries of the up-dated groundwater model have been extended. 
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It is worth repeating that previous model calculations were focused on the 
development within the DKI Jakarta boundaries. No particular consideration was given to the 
groundwater development in other areas such as Bekasi or Tangerang. The considerable 
extension of the observed drawdown areas in an east-west direction might create conflicts for 
the model in relation to the previously selected model boundaries. As a result, the Jakarta 
model has been modified with respect to its boundaries, enlarging the model area from 1800 
to 2600 km2.

For many reasons, the private groundwater production is not completely registered. 
Production rates after 1985 are mostly based on estimates differing between 50 and 100 
MCM/year (Figure 9). As changes in the abstraction pattern are of major influence on the 
calculated drawdown in the model aquifer system (stronger than changes in the hydraulic 
conductivity), uncertainties in production rates lead to a weakness in modeling. On the other 
hand, the model can also be considered as an instrument that shows the lower limit of the 
most probably amount of abstracted water. By this, the type of model changes from pure 
simulation to a control function. 

Figure 9.  
Estimated annual groundwater 
production in the greater Jakarta area 
in million m3.

The production rates after 1985 in 
particular are of a tentative character. 

Although the observed local drawdown is in general deeper than the calculated 
(regional) drawdown, the model simulates the totally stressed hydraulic situation in a 
plausible and highly reliable way. In terms of groundwater quantification, the model results 
also demonstrate that groundwater production from the Jakarta aquifer system means 
groundwater mining up to a certain extent, with about 3 MCM/year. 

Land subsidence is observed at different places in Jakarta and can be correlated to 
areas of major ground-water abstraction. Land subsidence has now become a subject of the 
official monitoring survey. Almost one half of Greater Jakarta is gradually affected by land 
subsidence. Severely subsided areas are located at the centers of major groundwater 
production (MURDOHARDONO et al. in CCOP coast plan, 1999). 

6. Conclusions 

With respect to the regional scale of the Jakarta basin the model calculations result in a 
successful simulation of the groundwater development since 1900. The conceptual model 
from 1985 is still valid, including hydraulic parameter and various boundary conditions 
referring to the aquifer geometry and to the recharge. Furthermore, the groundwater model of 
the Jakarta basin is suitable for the simulation of the entire system, also with respect to future 
development scenarios.  
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Although restrictions have been made during the last decade concerning groundwater 
production in some areas of Jakarta where the aquifer system is endangered by sea-water 
encroachment and land subsidence, in total the groundwater development seems to follow the 
predictions which have been calculated by the initial model in 1985 assuming a worst case 
scenario. It seems that even stricter groundwater management strategies might be needed. 

Considering the general data base for groundwater modeling, a certain weakness is to 
be reported. Further efforts especially on the registration of groundwater production in the 
private sector are needed and could lead to an improvement in the model results. The 
compilation and interpretation of groundwater monitoring results could be supported by some 
additional observation wells in order to completely verify the regional effects of recent 
groundwater production. 

  Obviously, it is a great challenge for the many groups involved to satisfy domestic and 
industrial water demand. On the other hand, these vulnerable aquifer systems have to be kept 
under control by hydrogeological investigations: predominantly groundwater monitoring with 
respect both to quantities (ground-water production and water levels) and to water quality. 

Efforts are to be made by legislation considering the environmental aspects and 
hazards as well as the development policies both in settlement and in industry. From this point 
of view, environmental geology and groundwater modeling must play an important role in 
current and future activities. Close integration is necessary on both a short and long term 
basis.
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Abstract

An adequate supply of fresh and clean drinking water is a basic need for all the human 
race, yet it has been observed that millions of people worldwide are deprived of this service. 
An estimated 668 million people in Asia and the Pacific still lack access to safe drinking 
water, while an estimated 1,888 million lack adequate sanitation, representing 18 per cent and 
52 per cent of the region’s population, respectively. 

In the Millennium Declaration 2000, Governments across the world pledged to 
“reduce by half, the proportion of people without sustainable access to safe drinking water” 
by 2015. The Johannesburg Plan of Implementation (JPOI) of the World Summit on 
Sustainable Development in September 2002 called for the water supply goal to be extended 
to include sanitation. In simple numerical terms, over Asia as a whole this implies that 
improved water and sanitation services should be provided for an additional 40 million 
people each year, or more that 100,000 people each day for the next 15 years. This 
represents a highly significant challenge. Despite some notable achievements, the Asia and 
Pacific region, as well as some individual countries, have not, so far, done too well in 
making significant progress towards achieving water-related MDG and JPOI goals. 

The contamination of soil, groundwater and surface water by heavy metals/ 
metalloids has become a major environmental and public health hazard and a major 
constraint to sustainable development in many countries of Asia and the Pacific. Many 
rivers, lakes and groundwater resources are becoming increasingly polluted. The main 
source of freshwater pollution can be attributed to discharge of untreated waste, dumping of 
industrial effluent, mineral mining, and run-off from agricultural fields. Industrial growth, 
urbanization and the increasing use of synthetic organic substances have serious and adverse 
impacts on freshwater bodies. It is a generally accepted fact that the developing countries of 
East and South-East Asia are facing problems of agriculture run-off into water sources, toxic 
chemical discharges from industries polluting drinking water, which leads to water-borne 
diseases and other adverse effects on human health. The levels of suspended solids in Asian 
rivers have risen by a factor of four over the last three decades. 

Millions of people worldwide are consuming water from groundwater sources that 
contain arsenic above safe levels. Long-term exposure to such poisoned water can lead to 
serious health problems, collectively called arsenicosis, which include skin lesions, skin 
cancers, internal cancers affecting the bladder, kidney and lungs, and hypertension. The total 
exposed population in various parts of world is approximately 100 million, which makes it a 
disaster of global dimensions. The research on arsenic contamination of groundwater in the 
region during the last decade confirmed its existence in the groundwater resources of 
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Bangladesh, Cambodia, China, the Islamic Republic of Iran, Lao PDR, Myanmar, Nepal, 
Pakistan, Thailand, Viet Nam and the West Bengal Province of India. 

Bangladesh, Nepal and the West Bengal Province of India are believed to be among 
the most affected areas in Asia. The severity and dimensions of the arsenic crisis in Asia, 
however, are only now becoming fully understood. Conservative estimates put the total 
number of people drinking arsenic-contaminated water from 60 to 75 million in the Asia 
region.

Overall, arsenic contamination of groundwater threatens at least 20 million people in 
the East and South-East Asia region. Arsenic contamination is a complex problem, involving 
both technological and policy challenges, and its solution requires clear thinking and a 
comprehensive strategic response. A number of critical technological, institutional and 
policy-related problems are still to be overcome. There exists an urgent necessity for much 
stronger regional cooperation of such international Organizations as UNESCAP, UNICEF, 
WHO etc., local NGOs, governments and other relevant stakeholders. It appears the current 
situation is such that only urgent action will prevent a crisis situation in East and South-East 
Asia occurring on the scale of the current calamity in Bangladesh. 

This paper overviews the current status of the problem in the light of the past and 
future human risk dynamics in the East and South-East Asian region and puts forward 
recommendations for proper mitigation measures. 

1.   Introduction 

Groundwater is the major potable drinking water source in rural and urban areas as 
well for agricultural and industrial sectors in the region. The situation is aggravated by widely 
spread organic and inorganic waste contamination of surface and ground water due to 
improper waste management. During the past two decades, the ground water level in several 
parts of the region has decreased due to increase in extraction of groundwater for industrial 
activities and the irrigation of food and cash crops. Also, the increase in population and 
changing lifestyles has increased the domestic demand for water. As a result, the aquifers 
become polluted due to excessive water extraction without proper recharge, and leaching of 
organic and inorganic pollutants such as pesticides, fertilizers, toxic industrial effluent and 
urban sewage. A freshwater crisis, varying in scale and intensity, is already evident in several 
parts of the region, namely Viet Nam, Thailand, Cambodia and some other countries  

It is obvious from the surveys undertaken by UNICEF, WHO and other organizations, 
that the quality of groundwater is not reliable in the region. Particularly in Cambodia, the 
groundwater contains soluble iron in high concentrations and it is cautiously and very 
conservatively estimated that a combined total of up to 30,080 people are exposed to As-
contaminated groundwater. 

According to existing tentative data originating from surveys by UNICEF and local 
organizations in Lao PDR and Myanmar, the majority of the recently (2003) taken samples 
were found to contain As in concentrations of less than 10 µg/L, testifying to the relatively 
safe situation in these countries. However, a few samples contained As in the range of 10-50 
µg/L and even fewer contained dangerous As concentrations of more than 50 µg/L. Though it 
is important to note that more ambitious surveys are necessary to provide definitive 
information on the safety of local groundwater.
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Very limited information exists for Thailand where As-related contamination is 
potentially highly possible, though probably very localized. In China, the use of coal is 
considered as the main cause of arsenic contamination. Since its initial discovery in 1983, the 
total population exposed to the endemic As-related disease arsenism has reached over 
2,000,000. Studies have found that over 96 per cent of well groundwater in Inner Mongolia 
exceeded the Chinese national standard of arsenic. However, in Viet Nam more than 11 
million people are conservatively estimated to be at risk due to exposure to As-contaminated 
water, which is 300 times greater than the WHO drinking water standard. 

Though arsenic is a relatively scarce element in the Earth's crust, it is an ubiquitous 
element present in various compounds throughout the Earth's crust and is widely distributed 
in the environment. All humans are exposed to low levels of arsenic. However, some human 
exposure to high levels of arsenic has been seen for decades, mainly via drinking water. 
Among its four valence states 0, -3, +3, +5, arsenic (+3) is known as the most toxic (WHO, 
1981). EPA has listed arsenic as a known human carcinogen (Group A). Arsenism is the 
outcome of long-term ingestion of arsenic from water, food, air or medicinal applications. It 
has such manifestations as cutaneous lesions (skin pigmentation changes, keratosis), and 
peripheral vascular disease (Blackfoot disease and Roynaud's syndrome). Higher exposure 
leads to cancer of the liver, lung, kidney and bladder (Williams et al., 1998). WHO has 
recommended the guideline for arsenic contamination as 10 µg/L (WHO, 1996). However, 
the guideline is not a binding limit; depending on the physical, social, economic and cultural 
conditions each country has fixed its national standard. Originally, most of the Asian and 
some European countries and USA have set a guideline of 50 µg/L. However in 2002, the 
USA and some European countries have lowered the arsenic limit for drinking water from 50 
µg/L to 10 µg/L on the basis of strong clinical findings and recommendation of an 
independent panel of medical experts (Shrestha et al., 2004). An arsenic contamination 
problem is reported in many parts of the world such as Cambodia (Seing, 2004), United 
States, Canada, Mexico, Chile, Japan, Hungary (Shresta et al., 2004; Williams et al., 1996; 
Chilton and Kinniburgh, 2003), India (Chada, 2000), Thailand (Paijitprapapon, 2003), 
Australia (Barry et al., 2002), Bangladesh (Biswas et al., 1998; BGS and DPHE, 2001), 
China and Mongolia (Dengding; Guo et al., 2003; Guo, 2000). Conservative estimates put the 
total number of people drinking arsenic contaminated water at over 65 million in the Asian 
region, of which at least 20 million live in South-East Asia. 

The presence of arsenic in groundwater was not considered a concern before the 
1990s; since then the awareness regarding the issue and understanding of the significance of 
the crisis has risen significantly. In order of severity of occurrence of arsenicosis, the most 
affected regions range from Bangladesh, West Bengal, India and Nepal to Inner Mongolia, 
Xin-Xiang and Taiwan Provinces of China. Alarmingly, in recent years, new arsenic 
groundwater contamination incidents were reported from other Asian countries including new 
sites in China, Lao PDR, Cambodia, Myanmar and Pakistan. It is evident that arsenic 
poisoning is one of the most urgent concerns facing the world today. WHO declared in 2001 
that groundwater contamination in the Bengal delta is the potentially largest environmental 
catastrophe in modern history, exceeding even that of the Chernobyl catastrophe (Shresta et
al., 2004). 

Numerous articles in international peer reviewed journals and reports by national 
agencies have also identified PTEs (Potentially Toxic Elements) contamination of soil and 
agricultural produce resulting from the agricultural use of water contaminated with discharge 
of non-ferrous mining and ore processing activities, particulates deposition in areas adjacent 
to non-ferrous smelters and the agricultural use of untreated urban/industrial wastewater. In 
addition, several reports have identified the long-term use of phosphate fertilizers and 
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agricultural bio-solids as a source of heavy metal contamination. Selenium deficiency and 
toxicity are considered to be significant public health problems in several provinces of China. 
Mercury contaminations of surface water, soils and crops and associated public health risks 
have also been reported as a result  primarily of coal combustion, non-ferrous ore mining and 
processing and industrial processes. Cadmium contamination of agricultural soils from both 
natural and anthropogenic sources and confirmed potential public health risks has been 
identified in China, Thailand and Viet Nam (Simmons, 2004).  

Fluoride-bearing minerals are abundant in the region. As a result of the rich mineral 
content, fluoride leaches out and contaminates the water and soil. In addition, groundwater 
extraction has been causing higher concentrations of fluoride in many areas of the region 
(World Water Forum, 2003). Fluoride content of more than 1.5 mg/L in water causes ill 
effects to human health such as fluorosis, osteoporosis, arthritis, hip fractures, cancer, 
infertility, thyroid disorder, brain damage, alzheimer’s disease, polydypsia etc. Fluorosis 
particularly currently has no cure (Rao, 2004). 

The present work of the UNESCAP endeavors to raise the international awareness of 
the issue related to ground and surface water contamination, particularly in East and South-
East Asia where the problem shows early signs of a potential calamity. A number of critical 
technological, institutional and policy-related problems are still to be overcome. A need for 
strong coordination of global and regional efforts is emphasized. The paper suggests some 
recommendation for proper mitigation measures in order to prevent a crisis situation 
developing in South-East Asia on the scale of the current calamity in Bangladesh. 

2.  Mechanisms of Contamination of Groundwater with Heavy Metals, 
Arsenic and Fluoride 

2.1.  Heavy metals 

  The term “heavy metals” refers to any metallic chemical element that has a specific 
gravity at least 5 times the specific gravity of water. Heavy metals are natural components of 
the Earth's crust and cannot be degraded or destroyed. As trace elements, some heavy metals 
such as copper, selenium, zinc and others are essential to maintain the metabolism of the 
human body. However, higher concentrations of these elements can lead to poisoning. Heavy 
metals poisoning could result, for instance, from drinking contaminated water, high ambient 
air concentrations near emission sources, or intake via the food chain. Heavy metals can enter 
into the water supply from industrial and municipal waste releasing heavy metals into 
streams, lakes, rivers, and groundwater (Lenntech, 2004). 

2.1.1.  Effects of heavy metals on the environment 

2.1.1.1.  Cadmium 

Cadmium is released naturally into rivers through the weathering of rocks and through 
forest fires and volcanoes, while human activities contribute to cadmium pollution through 
manufacturing zinc production, phosphate ores, household waste incineration and the burning 
of fossil fuels (Lenntech, 2004). 

2.1.1.2. Chromium 

           There are several different states of chromium that differ in their effects upon 
organisms. Chromium enters into the air, water and soil in chromium (III) and chromium (VI) 
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states through both natural processes and human activities. The main human activities that 
increase the concentrations of chromium (III) are steel, leather and textile manufacturing 
while for chromium (VI) they include chemical, leather and textile manufacturing and 
electroplating. These industries mainly increase the concentrations of chromium in water. 
Coal combustion and waste disposal burning are other sources of chromium contamination in 
the air, soil and water. Large amount of chromium in water and soil become immobile while 
a small part of the chromium that ends up in water will eventually dissolve. Chromium (VI) 
is mainly toxic to organisms; it can alter genetic materials and cause cancer. Uptake of 
chromium from the soil by crops leads to harmful effects. Acidification of soil can also 
influence chromium uptake by crops (Lenntech, 2004). 

2.1.1.3.  Copper 

Copper enters into the air mainly through release during the combustion of fossil fuels 
and remains there until rain starts and helps to settle it into the soil. It can be released into the 
environment both from natural sources such as wind-blown dust, decaying vegetation, forest 
fires and sea spray and human activities such as mining, metal production, wood production, 
phosphate fertilizer production, landfills and waste disposals. When copper ends up in soil it 
strongly attaches to organic matter and minerals and becomes immobile and hardly enters 
into the groundwater. In surface water copper travels great distances, either suspended on 
sludge particles or as free ions (Lenntech, 2004). 

2.1.1.4.  Lead 

Lead does occur naturally in the environment but most lead concentrations that are 
found in the environment are due to human activities such as the application of lead in 
gasoline. When a car engine starts, lead is burned and results in the formation of lead salts 
such as chlorines, bromines, and oxides. These lead salts enter into the environment through 
the exhausts of cars. The larger particles settle into the ground immediately and pollute soils 
or surface waters. The smaller particles travel long distances through the air and remain in the 
atmosphere. Part of this lead will settle in soil when it is raining. This lead-cycle caused by 
human production is much more extended than the natural lead-cycle. Not only leaded 
gasoline combustion but also other industrial processes and solid waste combustion 
contribute to lead in the environment. Lead accumulates in the bodies of water dwelling 
organisms and soil organisms, and affects the entire food chain (Lenntech, 2004). 

2.1.1.5.  Mercury 

Mercury is a metal that occurs naturally in the environment. It enters into the 
environment as a result of normal breakdown of minerals in rocks and soil through 
weathering agencies such as wind and water. Mercury is released into the air through human 
activities such as fossil fuel combustion, mining, smelting, solid waste combustion, 
agricultural fertilizers and industrial wastewater disposal. All mercury that is released in the 
environment will eventually end up in soils or surface waters. Acidic surface waters contain 
significant amounts of mercury. When the pH value is between five and seven, the mercury 
concentrations in water will increase due to easy mobilization of mercury in the ground. Fish 
absorb great amounts of mercury from surface waters every day and affects the entire food 
chain (Lenntech, 2004). 

2.1.1.6.  Nickel 

Nickel is released into the air by power plants and rubbish incinerators. It will then 
settle to the ground after reactions with raindrops, which usually take a long time. Nickel can 
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also end up in surface water when it is a part of wastewater streams. The larger part of all 
nickel compounds that are released to the environment are adsorbed by sediment or soil 
particles and become immobile. In acidic ground conditions, nickel is bound and become 
more mobile and percolates into the groundwater. Nickel is not known to accumulate in 
plants or animals (Lenntech, 2004). 

2.1.1.7.  Zinc 

Zinc occurs naturally in air, water and soil, but zinc concentrations are rising 
unnaturally through industrial, mining, coal activities, waste combustion and steel processing. 
Water becomes polluted with zinc when industrial plants discharge wastewater into the rivers 
and lakes. Zinc may also increase the acidity of waters. Some fish can accumulate zinc in 
their bodies zinc-contaminated water and can affect the food chain (Lenntech, 2004). 

2.2.  Arsenic 

 2.2.1.  Biogeochemical mechanisms of arsenic contamination of surface and 
      groundwater 

Arsenic is a naturally occurring metalloid element, ranking twentieth in abundance in 
the Earth’s crust, fourteenth in seawater and twelfth in the human body. Arsenic can be found 
in groundwater that has passed through arsenic-rich rocks and is emitted into the atmosphere 
by high-temperature processes such as coal-fired power generation, burning vegetation and 
volcanic action. Natural factors facilitating introduction of arsenic into surface water are 
related to geomorphology, tectonic activities and chemical components of water-bearing 
formations (Tong, 2002; Htay, 2004; Fengthong, 2004).  

Arsenic is a transitional reactive element that forms chemical and organic complexes 
together with other metals (most commonly with iron), carbon, sulfur, and oxygen. Dominant 
natural arsenic bearing minerals include realgar (AsS), orpiment (As2S3), lollingite (FeAs2), 
and arsenopyrite (FeAsS), which is the most common arsenic ore mineral. Arsenic 
concentrations are generally low in igneous rocks and higher in metamorphic and some 
sedimentary rocks. Pelitic (slates and phyllites) and argillaceous (black shales, coals) rocks 
have among the highest average values of arsenic, and are not uncommon rocks in the 
Himalayan mountains. Concentrations of arsenic in unconsolidated sediments are similar to 
those found in rocks, with higher concentrations generally found in mud and clays. Soils 
which, are composed of the weathering products of rocks, contain an average value of 4-6 
mg/kg of arsenic. Arsenate [As (V)], the oxidized form of arsenic, is common in soils that are 
situated above the water table, while arsenite [As (III)] is generally found in the soil and 
sediments below the water table where groundwater is in a reduced state. Arsenic can 
contaminate groundwater both naturally and artificially. When arsenic minerals break down 
by weathering, they become oxidized, which can release arsenic into water. This is the 
release mechanism originally proposed for West Bengal. However, most of the arsenic 
contamination in Bengal is found below the water table under reduced conditions (Figure
2.1) Therefore, a different release mechanism was proposed to explain the high 
concentrations of arsenic in the shallow aquifers of Ganges-Brahmaputra Basin. Arsenic is 
assumed to be released into groundwater when iron oxides find themselves under reduced 
conditions. Anaerobic bacteria may mediate this process. It is believed that this process is 
enhanced by the presence of organic matter, such as peat, which is found in young, shallow 
sediments (Shrestha et al., 2004). 
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Source: British Geological Survey, 2001 

Figure 2.1.  Schematic diagram showing process of high arsenic groundwater contamination. 

2.2.3.  Anthropogenic activities leading arsenic contamination 

Arsenic can also be released into the environment through human activities such as 
mining activities, especially coal mining, industrial effluents that contain arsenic, sewage, 
pesticides, herbicides and fertilizers that contain arsenic and potassium (Figure 2.2) (Tong, 
2002; Htay, 2004; Fengthong, 2004). The impact of agricultural activities is yet to be 
evaluated, however, it is known that arsenic was found in edible vegetables and rice in 
Bangladesh.

Figure 2.2.  Simplified diagram of cyclic transfer of arsenic. 
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At the present time, there is no consensus on exact geochemical processes 
responsible for the As contamination of shallow aquifers. It may be different from that 
occurring in the Ganges-Brahmaputra Basin. Figure 2.2 shows, how arsenic is transferred 
from one stage to another stage in the environment. 

2.3.  Fluoride 

Fluoride is a fairly common, highly reactive element that does not occur in the 
elemental state in nature. It exists in the Earth's crust in the form of a number of fluoride 
minerals such as fluorspar, cryolite, and fluorapatite. Fluoride is known to contaminate 
groundwater reserves globally. Sporadic incidence of high fluoride content in groundwater 
has been reported from India, China, Sri Lanka, West Indies, Spain, Holland, Italy, Mexico, 
and North and South American countries (Latha et al., 1998). 

2.3.1.  Sources and mechanisms of fluoride contamination in groundwater 

Abnormal levels of fluoride in water are common in fractured hard rock zones with 
pegmatite veins. Such veins are composed of minerals such as topaz, fluorite, fluor-apatite, 
villuamite, cryolite and fluoride-replaceable hydroxyl ions in ferromagnesium silicates. 
Fluoride ions from these minerals leach into the groundwater and contribute to high fluoride 
concentrations. Occasionally, mica group minerals such as muscovite and biotite also 
contribute to water fluoride content. Fluorospar occurs in structurally weak planes such as 
shear fracture zones, joints and at the contact of host rock and vein quartz. When minerals 
weather to form calcium and magnesium carbonates they serve as good sinks for fluoride ions 
(Jacks, 1980). However, it is the leachable state of fluoride ions that determines the water 
fluoride levels. The leachability is governed by pH of the draining solutions and dissolved 
carbon dioxide in the soil (USEPA, 2004). Fluoride in water is common in sources of 
groundwater. Minerals containing fluoride compounds slowly dissolve in underground 
waterways and make their way into well water. Fluoride is also released artificially into the 
ecosystem through aluminum smelters, phosphate processing, coal combustion and 
manufacturing of steel, bricks and glass products (Rao et al., 2004). 

3. Overview of As-Related Problems in East and South-East
Asian Countries 

3.1.  Magnitude of the arsenic contamination problem in Asia 

Naturally occurring and anthropogenically-induced arsenic (As) pollution of drinking 
(potable) water has been discovered in such economically diverse countries as India, 
Cambodia, USA and Japan (Tsuda et al., 1995) amongst many others (Table 3.1). It is now 
being recognized that dealing with arsenic contamination in groundwater is a problem of 
global dimensions. It has been conservatively estimated that at over 100 million people 
worldwide are threatened by the contamination of which over 65 million are in the Asian 
region, including at least 20 million in South-East Asia (Figure 3.1).
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Table 3.1.  Conservative estimates for the Asian population affected  
    by the arsenic contamination of drinking water.

Country                           Numbers Affected 
Bangladesh                                           35,000,000 
Cambodia                                                  30,000 
China                                             2,200,000 
India                                             6,000,000 
Islamic Republic of Iran                                                  10,000 
Myanmar                                             5,000,000 
Nepal 500,000-12,000,000 
Thailand  1,000 
Viet Nam  11,000,000 
Total (conservative)  59,741,00 - 65,241,000 

Figure 3.1.  Worldwide groundwater contamination by arsenic 

Source: M. Feroz Ahmed Professor of Civil/Environmental 
Engineering Bangladesh Univ. of Eng. & Tech., Dhaka, Bangladesh 

The presence of arsenic in groundwater was not considered a problem before the 
1990s but since then awareness of the significance of the crisis has risen significantly. 
Although arsenic cannot be smelled, tasted or seen in contaminated food or water, long-term 
exposure to poisoned water can lead to serious health consequences, collectively called 
arsenicosis, the symptoms of which include skin lesions, skin cancer, internal cancer 
affecting bladder, kidney and lungs, hypertension, heart disease and diabetes, and, ultimately, 
death can result.  In order of severity of occurrence of arsenicosis the most affected regions 
range from Bangladesh, West Bengal, India, Nepal to the Inner Mongolia, Xin- Xiang and 
Taiwan Provinces of China. Alarmingly in recent years, new arsenic groundwater 
contamination incidents were reported from other Asian countries including new sites in 
China, Lao PDR, Cambodia, Myanmar and Pakistan (Shresta et al., 2004).
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3.1.1.  Cambodia 

Cambodia is located in South-East Asia between latitudes 10° and 15° N. and 
longitudes 102° and 108° E. The country covers an area of 181,035 km². It is bordered by 
Vietnam in the east and South-East, Lao PDR in the north and Thailand in the north and 
northwest. To the southwest, the country has a seacoast on the Gulf of Thailand. Cambodia is 
divided administratively into 20 provinces and 4 municipalities.

According to the 1998 census, Cambodia had a total population of 11.4 million, of 
which more than 81% live in rural areas. In Cambodia, both surface water and groundwater 
are used for drinking water. The Mekong River and the Tonle Sap Lake are the predominant 
sources of surface water, with the Mekong serving the east and the Great Lake serving the 
more westerly populations. Water pollution is not yet a significant problem. Pathogens are 
commonly found in surface water; however, arsenic has recently been detected in five 
provinces where concentrations exceed the WHO standard. In August 2000, the Ministry of 
Rural Development (MRD) and the Ministry of Industry, Mines and Energy (MIME) 
completed a nation-wide survey in thirteen provinces in both rural and urban areas. Chemical 
qualities were analyzed and bacteriological tests undertaken with technical and financial 
support from WHO. The survey reported that, the chemical quality of most urban and rural 
drinking water sources were generally good. No pesticides were detected in any of the 
samples. Nitrites and nitrates were detected above the safe limits in several locations. 
Contaminants such as barium, chromium, fluoride, lead, manganese, molybdenum, and 
selenium were found in little more than the general trend. On the other hand aesthetic 
concerns like hardness were found to be more common. Overall the quality of groundwater in 
Cambodia is generally good, but high iron contents and increasing salinity levels have been 
found in Svay Rieng and Prey Veng Provinces. Also, water sampling in 4 provinces in 
Northwestern and Southern Cambodia showed high levels of iron, TDS and fluoride values in 
groundwater, especially in Bantey Meanchey province. Many shallow wells are contaminated 
by fecal-Coliforms to the extent that all water samples in Battambang, for example, failed to 
meet WHO water quality guidelines (Pin and Peng, 2004).

Test results for arsenic and different heavy metals are shown in Figure 3.2. Raingsey 
(2004) reported the results of a national field and laboratory-based groundwater sampling 
programme. The programme investigated 5,000 groundwater samples and linked the analyses 
with the studies conducted by UNICEF, JICA and WHO. The most significant finding of the 
survey was that high As contamination in groundwater and surface water is due to naturally 
occurring arsenic and artisanal gold mining especially in Kampong province where As 
concentration in the Antap river was recorded as 250 µg/L. It was estimated that a combined 
population of up to 30,080 people was exposed to contaminated groundwater (Table 3.2).
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Figure 3.2. Concentration of arsenic-related heavy metal contamination in Cambodia. 

Table 3.2.  Groundwater As concentrations in Cambodia in relation to well type. 
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3.1.2.  Myanmar 

Myanmar is located between N 9º 58´ to 28º 31´ and E 92º 9´ to 101º 10´ with a total 
land area of 676,577 km2 and sharing borders with Bangladesh, India, China, Lao PDR and 
Thailand. Myanmar is the largest country in the South-East Asian mainland. It extends for 
2,090 kilometers from north to south and 925 Km from east to west as its widest point. There 
are four major river systems: the Ayeyarwady (2,170 km), which flows through the country 
from north to south, passes through heavily populated areas, and provides potential surface 
water sources for both drinking water and irrigation schemes; the Chindwin (960 km); the 
Thanlwin (1,100 km within Myanmar territory) and the Sittaung (320 km). Groundwater 
potential largely depends on the hydrogeological conditions of the area. It constitutes the 
principal source of domestic water supply in Myanmar. Deep tube wells are utilised in the 
delta and coastal areas and the northern and eastern hilly regions. Large numbers of shallow 
surface wells are widespread except in the Hilly regions (Htay, 2004; Aye, 2003).  

A series of UNICEF-sponsored water quality tests, both at central level and 
state/divisional level, have been conducted for partner agencies. The occurrence of arsenic 
contamination in groundwater was observed in 1999 when water supply agencies monitored 
the water quality in Thabaung, Layhmyethnar and Hinthada townships of the Ayeyarwady 
division of Myanmar. UNICEF, in collaboration with its partner agencies, initiated a Water 
Quality Monitoring and Surveillance Programme with arsenic as an inclusive parameter. In 
order to differentiate various arsenic concentrations, a four grade system was used (Table 
3.3): Grade A indicates that concentration of different parameters is within allowable limits, 
and Grades B, C and D indicate that it is above the limits in ascending order of severity 
(Htay, 2004). It was concluded that currently only a small number of water sources are 
affected. However, maximum concentrations of arsenic indicated that the area is potentially 
rich in arsenic and therefore cannot be considered safe. Similar cases in other highly affected 
countries such as Nepal and Bangladesh showed that in future, the degree of severity of 
contamination is likely to increase due to similar geological conditions of the area of 
Myanmar bordering Bangladesh. 

Table 3.3.  Test results of arsenic contamination in different states/divisions of Myanmar
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3.1.3.  China 

In China, use of coal as a fuel is considered to be the main cause of arsenic 
contamination. Besides, fluoride contamination is also well known in the country. Since its 
initial discovery in 1983, the total population exposed to endemic arsenism has reached over 
2,000,000 and there have been over 20,000 diagnosed patients. Further, it is estimated that 
between 70,000 and 20,000 people of six counties are at risk of arsenic contamination via the 
use of coal in poorly or non-ventilated open-pit stoves. This type of arsenic exposure often 
manifests itself in severe skin ulceration leading to cancer. Studies organized by the Asia 
Arsenic Network (AAN) in 1996 have found that over 96 per cent of well water on the Hetao 
Plain of Inner Mongolia exceeds the Chinese national standard for arsenic of 50 µg/L, the 
most contaminated wells having 108 µg/L. Since its first discovery in Xin Jiang province in 
1989, arsenic has been discovered in Chifeng, Bayanzhouermeng and Huhot districts of Inner 
Mongolia Autonomous region with patients totaling 1774. In 1991, six cities and counties of 
Guizhou province were affected by the usage of arsenic-rich coal in open-pit or unventilated 
stoves. In 1994, arsenic was discovered in the Dotong Basin of Shanxi province, with the 
epidemic area being over 900 km2 and potentially exposing a population of up to 1,000,000 
(Arsenic:country to country, Guo et al, 2003; Guo, 2002) 

3.1.4.  Lao PDR 

The Lao People's Democratic Republic is a land-locked country covering an area of 
236 800 km². The country shares its borders with the Socialist Republic of Viet Nam, 
Thailand, Cambodia, People's Republic of China and Myanmar. There are 16 provinces, one 
municipality and one special region, 142 districts, and 10,912 villages. Lao PDR has a 
population of 5.3 million with the urban population constituting 20 per cent of the total 
population. About 55 per cent of the total population has access to safe water, and 40 per cent 
to proper sanitation facilities. Diarrhea, cholera, hepatitis and intestinal parasites are all listed 
as important communicable diseases. Most of these diseases are transmitted by the faecooral 
route and are, consequently linked to poor sanitation and water quality, poor hygienic 
practice and to inadequate available quantities of water (Fengthong, 2004; Chanthanet, 2001; 
Chanthanet, 2003; Fengthong et al., 2002). UNICEF and the Ministry of Health conducted a 
groundwater quality monitoring survey in 49 districts of 7 different provinces in 2002-2003 
(Table 3.4) especially in the southern provinces where gold mining activities result in 
elevated arsenic levels in drinking water wells. The survey focused on As contamination and 
results indicated that more than 78.4 per cent of samples were found to have As levels of less 
than 10µg/L, while 20.9 per cent samples contained As in the range of 10-50 µg/L and only 
0.7 per cent of samples contained As above 50 µg/L (Fengthong, 2004). The survey indicated 
that although most of wells appear to be safe, they should be constantly monitored and 
caution must be exercised in future since wells in similar conditions in Bangladesh have 
developed into a highly contaminated state due to various geological and biological 
conditions.rs. Hence, possible alternatives should be considered (deep aquifer water 
withdrawal, etc).
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Table 3.4. Highest levels arsenic-related contamination of the drinking water  
in seven provinces of the Lao PDR.

3.1.5.  Viet Nam 

Confronted with potential arsenic effects on human health in Viet Nam, the 
authorities conducted an extensive survey of the arsenic concentration in groundwater in 
seven provinces of the Red River delta plain (Table 3.5), in which arsenic as well other trace 
elements were analyzed (Tong, 2002). It was concluded that 26.6 per cent of the samples 
contained arsenic in concentrations exceeding 50µg/L. It appears that the high arsenic 
concentration which was found in the southern part of Hanoi and Ha Tay area is due to the 
minerals of the Quaternary sediments in an area naturally containing As (Figure 3.3). Also, 
high manganese contamination was found in parts of Hanoi such as Tu Liem, Thanh Tri, Gia 
Lam, Vinh Phuc, Bac Ninh, Hung Yen, Nam Dinh, Thai Binh and Hung Yen. The report also 
indicates that higher Fe contamination was reported from Hanoi and other plain areas such as 
Thai Binh. Lastly, an area containing a high degree of Hg -contamination is the Bac Ninh 
area and Ni-contamination is apparent in the Vinh Phuc, Bac Ninh, Ha Noi and Nam Dinh 
areas (Table 3.5). The situation is aggravated by extensive groundwater abstraction. 

Research in the above areas indicates that the cone of depression declines by 0.4 
meters per year. Thereby domestic wastewater and toxic industrial pollution leaches into the 
groundwater and changes the hydrochemical environment as well as causing land subsidence 
in the Phap Van well-field south of the Hanoi city. As a mitigation measure to reduce the land 
subsidence, it is being planned to supplement the drinking water supply by taking and 
treating surface water from the Red River.  

Arsenic also occurs naturally in areas enriched with sulfide minerals and gold as 
well as in areas of previous volcanic activity where the main As-liberating mechanism is 
weathering. The main areas for such As-contamination are the Pia Oac, Ngan Son, Pac Lang, 
Chay River, North Tam Dao, Cho Don-Cho Dien, Dao Vien-Chiem Hoa-Na Hang- Tung and 
Bac Me areas. Arsenic concentration in gold ore in the basalts of the Vien-Nam formation in 
the Doi Bu (Hoa Binh) area is 50-204 mg/kg. In the Red River Delta plain, industries 
discharge wastes containing arsenic which increases groundwater concentrations up to the 
maximum value of 320 µg/L. Furthermore, in the Thuong Dinh industrial zone (Hanoi) As in 
wastewater was found to be as much as145-346 µg/L. 
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Figure 3.3.  Arsenic groundwater contamination in Hanoi City 

Table 3.5. Concentration of metals in different areas of Viet Nam  
(LV stands for Limitation Value set by the Ministry of Health)    

3.1.6.  Thailand

Thailand is bordered in the north by the Lao PDR, in the east by the Lao PDR and 
Cambodia, in the south by the Gulf of Thailand and Malaysia and in the west by Myanmar 
and the Andaman Sea. The total land area is about 512, 00 km². The economy of the country 
is based both on agricultural and industrial activity. Unlike most other countries of the Asian 
region, the arsenic contamination problem in Thailand stems mainly from poor industrial 
practices and related waste disposal. Some of the worst affected areas are historical tin 
mining zones. Although the number of estimated victims is relatively small compared to the 
rest of the Asian region (roughly 1,000), the case of Thailand further reinforces the 
widespread and varying severity of the arsenic crisis both on the Asian continent and 
worldwide (Shresta et al., 20004; Paijitprapapon, 2003). 
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In Thailand, documented heavy metal/metalloid contamination problems and their 
effects are primarily chronic As-poisoning in Ron Phibun District, Nakon Si Thammarat 
Province, chronic Pb-poisoning in Tong Phapum District, Kanchanaburi Province and Cd-
contamination of soils and crops in Tambon Phatat Padaeng, Mae Sot District, Tak Province 
(Simmons, 2004). Chronic human arsenism in Ron Phibun District, Nakon Si Thammarat 
Province was identified in 1987 by the Thai Ministry of Public Health (Timpatanapong et al.,
1987). In 1988, a Thai Ministry of Public Health survey documented over 1,000 cases of As-
induced skin disorders. In addition, concentrations of As in hair and fingernails were found to 
be elevated in 80 per cent of the school age population (Williams et al., 1998, Choprapawon 
and Ajjimangkul, 1999). In addition, Foy et al., (1992-1993) reported manifestations of 
palmoplantar keratoderma, hyper-pigmentation and two cases of Bowen carcinoma. Children 
with typical palmoplantar keratoderma were identified, the youngest being 4 years old. Foy et 
al. (1992-1993), reported As levels in shallow wells ranging from 20 to 2,700 µg/L with 
piped water having an As-concentration of 70 µg/L. A follow-up study of 2,400 school 
children in 1992 indicated that 89 per cent of the study group had excess blood-As 
concentrations with a 22 per cent incidence of arsenical skin manifestations (Williams et al.,
1998). In 2000, Siripitaykunkit investigated chronic arsenism in Ron Phibun District and 
indicated that 24 per cent of the population studied exhibited symptoms of arsenism. In 
follow-up studies conducted between 2000-2002 Pavittranon et al. (2003) reported a 
prevalence of melanosis and hyperkeratosis of 5.99 per cent and 8.67 per cent, respectively. 

The source of the As-contamination was identified as leachate from As-rich mining 
and processing waste piles in the upper Hai Ron Na river, coupled with the naturally high 
abundance of disseminated arsenopyrite in the alluvial deposits of the mid and lower 25 
catchment. Consequently, As-concentrations in the shallow interstitial groundwater ranged 
from 100 to 5,100 µg/L (Williams et al.,1998). Fordyce et al., (1994) demonstrated a 
statistical correlation between the As- concentration of the shallow well water at individual 
households and the body As- burdens of residents. Further, Williams et al., (1996) 
demonstrated that As is present almost exclusively as the As (V) oxyanion, H2AsO4. This is 
significant with respect to risk assessment as H2AsO4 is significantly less toxic to humans 
than the arsenite oxyanion, H2AsO3 (Abernathy, 1993, Williams et al., 1998). In addition, 
Williams et al., (1998) suggested that the ingestion of As-contaminated soil via the 
consumption of inadequately washed vegetables or as a result of Pica (direct ingestion of soil) 
in children may also be a significant exposure pathway that should not be ignored. Hazard 
mitigation programs initiated by the Thai Department of Mineral Resources (DMR) focused 
on the provision of an alternative ‘safe’ water supply. 

4.   Key Challenges and Proposed Mitigation Measures 

4.1. Technology – related problems 

There are three broad areas where technological challenges must be effectively dealt 
with in order to overcome the on-going arsenic crisis. Firstly, the research must help us better 
understand the full magnitude of the problem and its causes. Significant scientific uncertainty 
remains as to how arsenic is mobilized and how widespread this problem is in the East and 
South East Asia. Secondly, the existing technologies for treatment of arsenic contaminated 
groundwater need to be refined to the point that they are reliable, cost-effective and 
sufficiently simple to become locally acceptable under the widely variable conditions of the 
region. A review of existing technologies had already revealed that each available technology 
had relative advantages and disadvantages, but no single technological option demonstrated 
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perfect performance. Attention should also be paid to the future arsenic-rich wastes generated 
from a wide range of arsenic removal technologies. The leaching and pollution potential of 
these wastes need to be clearly understood in order to devise safe disposal options applicable 
in this part of Asia. Thirdly, it is also important to understand the fate of natural and 
anthropogenically-induced arsenic in the environment and fully quantify it for the regional 
countries impacted by the emerging crisis. Most of the research has so far focused on the 
presence and measurement of arsenic in groundwater and exposure through drinking and 
cooking water. Most water consumption, however,  occurs in agriculture with the widespread 
use of groundwater for irrigation, and the possibility arises that the arsenic withdrawn with 
irrigation water can build up in soil and get translocated into irrigated crops. Phyto-toxicity 
due to increased arsenic in soil/water and its long-term impact on agricultural yield is another 
major technological concern that requires further investigation. 

4.2.  Institutional and policy – related problems 

The most important institutional aspect of dealing with the global arsenic crisis is to 
develop sufficient local capacity to monitor, evaluate, and implement remedial action. This 
requires the mobilization of financial resources, development of a comprehensive, integrated 
policy and presence of political will for its implementation. Only in the presence of the 
required human, technological, institutional and financial capacity, will there be a strong 
chance for the remedial policies to succeed. Development of national institutions for 
managing the arsenic crisis is also important. These involve both legislative measures and 
development of governmental bodies that can collate the information, evaluate the magnitude 
of the problem and develop coordinated remedial actions. The institutional development has 
to be broad enough to cover the various sectors that are potentially impacted by this crisis: 
agriculture, industry, and municipal water supply. Similarly, local government institutions 
should also be given sufficient resources to ensure provision of safe water. Another challenge 
is the development of the regional representations for international institutions that would 
serve as facilitators for collation and dissemination of local information, undertake public 
awareness raising campaigns (both regionally and internationally), and coordinate efforts 
undertaken by the international community (including the UN system and various 
bilateral/multilateral donors). International collaboration amongst the affected countries 
(particularly those from South Asia, such as Nepal and Bangladesh) as well as relevant 
international institutions can reap significant benefits including securing funding for research 
and implementation, providing technical expertise and investigating public health aspects (e.g. 
treatment options). Furthermore, synergies should be sought through collaborative efforts 
amongst groups already working on the arsenic crisis. 

The overall policy development should be comprehensive enough to ensure inclusion 
of long-term measures for impacted sectors, including public health, water resources, 
agriculture, social welfare and the national economy. Long-term measures should include 
significant development of the public health sector to cope with the long-term consequences 
of the large population exposed to arsenic-polluted water. Training and capacity development 
in remote and rural areas should become a key concern. These measures should also address 
provision of water supply to affected areas in the context of a broader water resource 
management policy. Welfare of the affected population and providing them sufficient social 
support is a key element of the policy challenges. This should include awareness raising of 
the general public as well as providing them information about how to cope with arsenicosis-
related problems on a day-to-day basis. Development of such social support would also entail 
long-term capacity development in the social welfare sector. In a broad sense, the arsenic 
crisis indicates the importance of water resource management in the countries of the region as 
typical for the developing world. We know that water as a resource is going to become much 
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more precious and scarce in the next few decades. This demands serious attention from 
policy-makers and researchers alike.  

4.3.  Mitigation measures to be implemented 

Taking into account the lessons learned from highly contaminated areas with a long-
term exposure to arsenic (Bangladesh and Nepal), the following mitigation measures are 
suggested. It is imperative to conduct a national survey to identify problem-prone population 
groups contaminated water in affected areas and provide safe drinking water to the affected 
population through alternate sources (deep boreholes, de-arsinator filters). People should be 
encouraged to use alum to de-arsinate contaminated water. Laboratory facilities should be 
created for quantitative analysis of arsenic and its toxicity levels in humans should be 
determined. Longer-term challenges relate to development of a water delivery infrastructure 
that would ensure sustainable delivery of clean, safe drinking water to people affected by the 
arsenic crisis.

An effective water management scheme should be launched in order to encourage 
people to ensure rational use of groundwater. Surveillance teams should be created, starting 
from grass-root level up to the central level, in order to identify, treat, follow up and conduct 
water-testing activities. Training courses for officers and staff in the health services are to be 
conducted to identify arsenicosis patients and provide immediate clinical support to the 
diagnosed patients while ensuring follow-up to the initial response. Small hospitals, 
especially in arsenic affected districts, should be established with a view to provide treatment 
to the complex cases and also conduct research. Appropriate health education campaigns 
should to be conducted and communication programs set up with national and international 
organizations to facilitate collaboration in the control measures. The mass media should 
actively participate in the awareness campaign. 

5.  Initiatives and Mitigation Measures Taken by the United Nations and 
International Organisations 

5.1.  UNICEF (United Nations Children’s Fund) 

The UNICEF programme of cooperation in the region is currently with the 
governments of Viet Nam, Cambodia, Myanmar and Lao PDR, which contribute a variety of 
inter-sectoral and sectoral initiatives in health, education, water, sanitation, and protection. 
The water and environmental sanitation (WES) program of UNICEF, improves access to safe 
water and sanitation, particularly in rural and underserved areas. The current UNICEF 
strategy is to support government and civil society in dealing with the arsenic problem such 
as testing of tube wells in the region, strengthening communication efforts, promoting the 
development and utilization of alternative community-managed water sources and supporting 
health-based interventions. Within this framework, specific on-going UNICEF interventions 
include: 

1. The provision of continued support to tube well testing and the development of test 
kits and test kit specifications. 

2. Together with governments and local NGOs, supporting communities to identify, 
install and maintain alternative, viable and sustainable safe water options. This 
includes the drilling of deep tube wells, the testing and demonstration of household 
arsenic removal units and alternative water collection and disinfection techniques 
such as rainwater harvesting etc.
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3. In partnership with the government, private sector and the media, the dissemination of 
accurate and relevant information about arsenic to individuals and communities, 
empowering them to take all necessary steps to mitigate the arsenic water 
contamination situation. This includes a major multi-media social mobilization and 
communication campaign. 

4. Support the governments in the area of health worker training and epidemiological 
study design. Ensuring that all of the UNICEF interventions in the area are related to 
safe water supply in the region especially arsenic and bacteria contamination etc. This 
includes testing of new and old tube wells. 

UNICEF has taken a proactive role in addressing the arsenic problem in the region 
and has helped the governments in identifying and mapping the areas at high risk of arsenic 
contamination, and supporting the governments in conducting tests of tube wells in the eight 
provinces of the Red River basin in Viet Nam, Cambodia and Lao PDR. It also supports the 
development of locally produced arsenic field test kits (UNICEF, 2002) such as at Mahidol 
University in Bangkok. 

5.2.  WHO (World Health Organization) 

WHO is supporting the arsenic mitigation programme particularly in Cambodia with 
the collaboration of JICA and UNICEF. It regularly organizes seminars and training 
workshops related to arsenic-related soil/water contamination issues in close collaboration 
with other international bodies and especially with UN-ESCAP.

5.3.  UN-ESCAP (United Nations Economic and Social Commission for Asia and the  
Pacific)

UN-ESCAP activities on arsenic and groundwater contamination issues are 
highlighted in their Environment and Sustainable Development Division Newsletters. Five 
relevant meetings on arsenic and heavy metals contamination organized by UN-ESCAP in 
the past three years are highlighted below. 

a.  Expert Group Meeting, 2-4 May 2001, Bangkok 

The Expert Group Meeting on Geology and Health: Solving the Arsenic Crisis in the 
Asia-Pacific Region was organized by ESCAP in close cooperation with UNICEF, WHO and 
many other collaborating agencies in Bangkok from 2 to 4 May 2001. A statement 
highlighted the public health crisis in Bangladesh while noting that naturally occurring 
arsenic had become an emerging issue in Asia. The objective of this expert group meeting 
was to review the existing knowledge and understand the problems caused by arsenic 
contamination of groundwater used for drinking water. The meeting was convened to reach a 
consensus on solving the water supply crisis in affected countries while providing early 
warning to countries not yet affected but potentially vulnerable to arsenic contamination 
(UNESCAP, 2001). 

b.  Roundtable on Arsenic and Water Quality, 8-9 March 2002, Bangkok 

As a follow-up to the above meeting on geology and health: solving the arsenic crisis 
in the Asia- Pacific Region, ESCAP hosted the Roundtable on Arsenic and Water Quality on 
8-9 March 2002 in Bangkok, once again supported and co-organized with UNICEF and 
WHO. In this meeting, sixty experts from different countries such as Bangladesh, Cambodia, 
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China, Democratic People's Republic of Korea, India, Lao People's Democratic Republic, 
Nepal, Nigeria, Thailand and Vietnam., met in order to share their knowledge The meeting 
was confirmed that arsenic-contaminated groundwater used for drinking was an increasing 
threat in the region, and recommended a three-pronged approach to prevent and mitigate the 
impact of arsenic in drinking water supplies; 

Early detection and timely medical treatment of arsenicosis symptoms in the areas 
suspected to contain arsenic-contaminated groundwater. 

Selection of suitable arsenic removal techniques, especially those workable at 
household level. 

Identification of alternative sources of safe water (such as rainwater harvesting, 
surface water purification, and exploitation of still ample safe groundwater resources 
free of arsenic) by means of hydro-geological mapping combined with water quality 
surveys.

The meeting recommended that ESCAP should play a role in regional coordination of 
international organizations, specialized agencies, NGOs and government departments which 
are involved in addressing the issue of natural contamination of arsenic (UNESCAP, 2002). 

c.  UN-ESCAP-IWMI Seminar on Environmental and Public Health Risks due 
to Contamination of Soils, Crops, Surface and Groundwater from Urban, 
Industrial and Natural Sources in South-East Asia, 10-12 December 2002, 
Hanoi.

The above-mentioned seminar was held in Hanoi, Viet Nam from 10 to12 December 
2002. It was jointly organized by UNESCAP and IWMI (International Water Management 
Institute) and hosted by the National Institute for Soils and Fertilizers of Viet Nam. Apart 
from reviewing the current status of pollution in the region, the meeting was convened in 
order to announce an IWMI led 4-year programme at the sub-regional level to assess 
pollution levels. The assessments are based on analytical data, the uptake of heavy 
metals/metalloids by crops and potential food chain contamination, subsequent potential 
impacts on the health of rural and urban populations and the sustainable use of soil and 
groundwater resources. The programme aims to identify pollution sources and causative 
processes with a view to developing counter measures and formulating requisite regulations 
and legislation. The resources for this 4-year programme, entitled protecting food security, 
human health and environmental integrity in rice-based agricultural systems from the 
detrimental impacts of heavy metals in South-East Asia, are expected to come simultaneously 
from various sources. The multisectoral project is expected to result in the collaboration of 
government departments with international agencies and NGOs as well as the private sector 
and to develop a level of decision making based on reliable and balanced information that 
will ensure the sustainability of safe soil and water resources for rural, peri-urban and urban 
populations (ESCAP-IWMI, 2002). 

d.  Training workshop in Bangkok, in June 2004 

This workshop was the continuation of the previous workshop arranged by 
UNESCAP in Hanoi in 2002. The main aim of the training workshop was the development of 
effective management and decision making tools for the mitigation of contamination of soils, 
crops and water in the Greater Mekong Subregion. The main objective of the meeting was to 
increase awareness and identify tools and solutions in the protection of the environment, 
human health, food security, nutrient security and rural livelihoods in irrigated rice-based 
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agricultural communities through demonstration of the detrimental impacts associated with 
elevated levels of heavy metals in the countries of Greater Mekong Sub-region. 

e.  Proposed Inter-regional Conference on Water Quality- Arsenic Mitigation 

Date:   9-12 November 2004 
Venue:   China 

 Host: Ministry of Health and Ministry of Water Resources,
  People’s Republic of China 

Co-organized &  
co-sponsored by :  UNU, ESCAP, WHO, UNICEF 

Purpose

The overall purpose of the proposed conference is to mobilize governments, donors, 
research and financial institutions to fully engage in key water quality issues, particularly the 
chronic arsenic poisoning in the Asian region. Efforts will be made to elicit a serious 
commitment to future actions and to generate appropriate and adequate financial and other 
physical and technical resources for the prevention and mitigation of the arsenic poisoning 
problem. 

Objectives

The key objectives of the conference are: 
a. To raise awareness of the health effects, especially in children, due to chronic 

arsenic poisoning and the challenges related to actions for preventions of arsenic 
contamination. 

b. Facilitate information exchange among arsenic affected countries on the scope of 
the problem and actions taken in preventing and mitigating chronic arsenic 
poisoning

c. Identify and review successful mitigation strategies and innovations and new 
scientific research results; new technology options for developing appropriate 
response strategies for mitigation to prevent chronic arsenic positioning.  

d. Mobilize political support and funding commitments from concerned governments, 
donors/ financial institutions for arsenic mitigation activities. 

Potential Outcomes 

Global and Regional level
i. Establish a coalition with the major international and bi-lateral donors, 

international research institutions, media as well as with international and national 
NGOs to create an enabling environment in support of arsenic mitigation 
programme in Asia. 

ii. Formulate regional strategies that attract international assistance for arsenic 
mitigation in affected countries. 

iii. Establish an Asia-wide network on water quality to share state-of-the-art 
information on field research, scientific knowledge and to track progress on 
mitigation efforts in affected countries. 
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Country Level
i. Increased awareness at government level on the scope and scale of the arsenic 

problem 
ii. Improved policies, data management, water quality standards and monitoring 

protocols
iii. Strategic support to plans for mitigation of the impact of arsenic in drinking water 
iv. Promotional strategy to change water-use patterns by raising community 

awareness about arsenic contamination 
v. Creation of an enabling environment in technical and funding support for arsenic 

mitigation programmes 

 Participants will be limited to 40-50 decision-makers (mostly governments), 
development partners agencies, international organisations, Research Institutions, NGOs and 
project staff working in the field. 

6.   Conclusions and Recommendations 

6.1. Conclusions

It is obvious from the surveys undertaken by UNICEF and other organizations that the 
quality of groundwater is not reliable in the region, particularly in Cambodia, where 
groundwater contains soluble iron in high concentrations. It is tentatively and very 
conservatively estimated that in Cambodia a combined population of up to 30,080 
people are exposed to As-contaminated groundwater. 

According to existing tentative data originating from surveys by UNICEF and local 
organizations in Lao PDR and Myanmar, the majority of the recently (2003) taken 
samples were found to contain As in concentration less than 10 µg/L, testifying to the 
relatively safe situation in these countries. However, a few samples contained As in 
the range of 10-50 µg/L and even fewer contained dangerous As-concentrations of 
more than 50 µg/L. It is important to note that more ambitious surveys are necessary 
to provide definitive information on the safety of local groundwater.

Very limited information exists for Thailand where As-related contamination is 
potentially highly possible though probably very localized. 

In China, the use of coal is considered as the main cause of arsenic contamination. 
Since its initial discovery in 1983, the total population exposed to the endemic As-
related disease arsenism has reached over 2,000,000. Studies have found that over 96 
per cent of well groundwater in the Inner Mongolia exceeded the Chinese national 
standard for arsenic. 

In Viet Nam, more than 11 million people are conservatively estimated to be at risk 
due to exposure to As-contaminated water, which can be as much 300 times greater 
than the WHO drinking water standard.   

Overall, arsenic contamination of groundwater threatens at least 20 million people in  
East and South-East Asia. 

Though the link between intensified surface organic pollution and an increase in As-
solubility reducing conditions in the underground water-bearing strata is theoretically 
obvious, it still remains to be confirmed through actual research in the region. 

A number of critical technological, institutional and policy-related problems are still 
to be overcome. 
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There exists an urgent necessity for much stronger regional cooperation of such 
international organizations as UNESCAP, UNICEF, WHO etc., local NGOs, 
governments and other relevant stakeholders. 

It appears that the current situation is such that only urgent measures (see also 
Recommendations) will prevent a crisis situation occurring in  east and South-East 
Asia on the scale of the current calamity in Bangladesh. 

6.2.  Recommendations 

A set of recommendations in order to provide safe water options are listed below: 

A central national laboratory in each country should be established, which is to be 
independent from the key ministries, although these ministries should rely on this 
laboratory for quality-assured analyses. 

A national standard in each country for all drinking water including tap water, bottled 
water, well water, etc. should be established so that monitoring of drinking water 
quality could be developed and improved. Such efforts require high-level 
commitments from several agencies and input from technical experts and the support 
of external agencies. 

National and regional laboratory-supported monitoring networks should be devised to 
support the application of the national standards. Monitoring should be independent 
from the service providers and proactive with communities involved. 

Geological information, including available drilling logs from water supply programs, 
should be developed as an overall response to the arsenic and related issues. 

The concerned departments should take follow-up actions where water supplies 
exceed the recommended health-based guideline values. 

A greater emphasis on water quality as well safe water supply development should be 
put in government policy documents. 

Information on the public health risks and hazards should be shared among the 
countries in the region. 

Knowledge and experience in public health risks assessment should be upgraded. 

Public health risk assessments should be conducted in all areas especially in severely 
threatened areas and an action plan on public health risk control should be formulated. 

Community water quality surveillance programs should be initiated and a National 
Water Quality Standard should be established. 

Immediate short-term mitigation programs should be organized followed by long-
term plans for areas affected by arsenic contamination. 

Boreholes should be tested regularly and a ‘safe’ or ‘contaminated’ mark of identity 
be highlighted. 

Communication for public awareness should be practiced, encouraging hygiene and 
health promotion, particularly, in the remote areas of the region. 
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