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ABSTRACT 

NUMERICAL MODEUNG OF SEAWATER INTRUSION IN THE AQUIFER OF 
MANUKAN ISLAND 

This study presents an understanding of seawater intrusion in the low lying area of 
Manukan Island. A three dimensional numerical model (SEAWAT-2000) was 
developed based on modeling protocol using low lying area of Manukan Island. 
SEAWAT-2000 output indicated that there is about 1.4% of freshwater and seawater 
mixing ratio at sea level in low lying area of Manukan Island illustrates the seawater 
intrusion problem. Upconing process simulated by SEAWAT-2000 showed the current 
status of seawater intrusion in Manukan Island is about 14.6% of freshwater and 
seawater mixing ratio at the beneath of pumping well (W6). Moreover, the calibrated 
model was also used to predict current and potential extent of seawater intrusion in 
low lying area of Manukan Island two years with all conditions assumed to remain 
same as those in December 2009 under different scenarios of varying recharge and 
pumping rates. The SEAWAT-2000 model's output showed pumping rates are higher 
than recharge rates in all of the selected scenarios, thereby indicating that 
overpumping is the main factor behind seawater intrusion in the low lying area of 
Manukan Island. The seawater-freshwater mixing ratio moves landwards after two 
years of simulation in Scenario 1. In order to control overpumping in this study area, 
Scenario 2 has resulted in backward movement of the 1.4% seawater-freshwater 
mixing ratio towards to coast after two years of prediction. The current 
contamination of the coastal aquifers by seawater intrusion will be more severe with 
an impact of El-Nino events on groundwater resources depletion in Scenario 3. 
Reductions of pumping and recharge rates in Scenario 4 have worsened seawater 
intrusion problem. With an aid of artificial recharge, highest hydraulic heads and 
lowest chloride concentration were observed (Scenario 5). In addition to this, water 
balance components have illustrated sustainable groundwater management.selected 
for Manukan Island's current situation will be Scenario 2. In view of the effects of El­
Nino events in the future, Scenario 5 can be implemented to restore groundwater 
resources. Moreover, a suitable groundwater management plan in Manukan Island 
must also include economic, social and environmental issues together with further 
adjustment of pumping rate using water usage data from various parts (restaurant, 
tourism, office and chalets).In a nutshell, this study has provided a management 
foundation for restoration of the groundwater resources of Manukan Island which can 
be applied in other small islands with similar hydrogeological conditions .. 

Keywords: groundwater, seawater intrusion, SEAWAT-2000, recharge, pumping, 
management 
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ABSTRAK 

Kajian ini adalah mengenai kemasukan air taut di kawasan rendah, Pu/au Manukan. Peraga 

berangka tiga dimensi (SEAWAT-2000) telah dibina berdasarkan protokol permode/an 

menggunakan kawasan rendah di Pu/au Manukan. Output peraga berangka SEA WA T-2000 

mendapati bahawa nisbah percampuran air tawar dan laut di kawasan rendah Pu/au Manukan 

adalah sebanyak 1.4%. Simulasi proses "upconing" menunjukkan nisbah percampuran air 

ta war dan laut di telaga pam (W6} adalah 14. 6%. Tambahan, peraga berangka yang telah 

TERkalibrasi digunakan untuk meramal potensi lanjut proses percampuran air tawar dan taut 

di kawasan rendah Pu/au Manukan bagi dua tahun berikutnya dengan keadaan yang sama 

seperti pada bulan Disember 2009 berdasarkan senario kadar pengisian semula dan 

pengepaman yang berbeza. Output peraga berangka SEA WAT-2000 menunjukkan kadar 

pegepaman adalah lebih tinggi dari kadar pengisian bagi semua senario yang dikaji 

menerangkan pengepaman yang berleb1han adalah faktor utama di sebalik kemasukan air 

taut di kawasan rendah Pu/au Manukan. Nisbah percampuran air tawar dan /aut bergerak ke 

arah daratan setelah dua tahun di dalam Senario 1. Bagi mengawal pengepaman yang 

berlebihan di kawasan kaJian, Senario 2 telah menghasilkan pergerakan nisbah percampuran 

air tawar dan laut ke arah lautan. Kemasukan air taut pada masa ini dijangka akan diterukkan 

/agi o/eh impak El-Nino terhadap sumber air bawah tanah. Pengurangan kadar pengepaman 

serta pengisian semula juga telah mengeruhkan lagi keadaan kemasukan air /aut (Senario 3). 

Pengurangan kadar pengepaman dan pengisian semula dalam Senario 4 telah memburukkan 

lagi keadaan. Dengan bantuan pengisian semula secara buatan, paras hidraul!k yang tertinggi 

serta kepekatan klorida yang terendah telah dikena/pasti (Senario 5). Tambahan, komponen 

neraca air telah menggambarkan penggunaan serta pengurusan sumber air bawah tanah 

secara /estari di kawasan kajian ini pada masa sekarang adalah Senario 2. Dengan kesan El­

Nino yang dijangkakan pada masa hadapan, Senario S boleh dilaksanakan bagi melindungi 

bekalan sumber air bawah tanah di Pu/au Manukan. Tambahan, pelan pengurusan sumber air 

bawah tanah yang sesuai di Pu/au Manukan harus merangkumi 1su ekonomt sosial dan a/am 

sekitar serta, penyesuaian kadar pengepaman /ebih /anjut boleh dilakukan dengan 

menggunakan data penggunaan air dari pelbagai bahagian (restoran, pelancongan, pejabat 

dan rumah tumpangan). Kesimpu/annya, hasil kaJian ini telah memberikan asas pengurusan 

bagi perlindungan sumber air bawah tanah di Pu/au Manukan. la boleh diapflkasi di pulau­

pulau kecil yang mempunyai keadaan hidrogeologikal yang serupa bagi tujuan perlindungan 

sumber air bawah tanah. 

Kata kunci: air bawah tanah kemasukan air /aut, SEA WA T-2000, pengisian semula, 

pengepaman, pengurusan 
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1.1 Islands Definition 

CHAPTER 1 

INTRODUCTION 

Islands present in different manners and patterns, located adjacent to continental 

masses and some are dispersed in midocean in singular isolation or in groups. 

Many islands are arranged, geographically in quadrangles, triangles and various 

patterns (Munawwar, 1995). Islands can be categorized in a number of ways, each 

for useful purposes. However there is no single definition fits all the purposes 

(Hassan et al. 2005). Most of available definitions on islands tend to incorporate 

with size, topography and geology (Figure 1.1). In term of size, large islands are 

considered as an area of 13, 000-20, 000 square kilometers with fewer than 1.0-1.2 

million people. Small islands are considered to be 10, 000 square kilometers and 

have 500, 000 or less people. Definitions of very small, micro and smallness also 

have been used in islands definitions (Falkland, 1991; Hassan et al. 2005). 

Size 

Topography 
and geology 

Figure 1.1: Islands Definition 

Source: Falkland (1991) 
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