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CHAPTER 1 

 

 

INTRODUCTION 

1.1 BACKGROUND 

Estuary is a transition medium of river and ocean which exhibit the characteristics 

of brackish ecosystem. Existence of this physical productive ecosystem provides 

excellent potential for habitat of flora and fauna as well as providing flood barrier and 

pollutant filter in the area (Ibrahim et al., 2008; Savenije, 2012). Besides, rich 

characteristics of its fertile soil, flat surface terrain, fresh water availability, sources of 

food and accessible transportation medium have encouraged cities to be built in the 

estuarine region (Gay and O’Donnell, 2009; Savenije, 2012; Gisen, 2015). In the tropical 

countries, most of the estuaries are classified as alluvial estuaries; estuaries with movable 

beds which can be eroded or deposited by sediments (Savenije, 1993a).  

However, the estuarine region is often prone to salt intrusion problem which can 

greatly interfere water resources system in an area. Human interference in estuaries for 

improvement of own various needs, such as navigation and irrigation, can change the 

natural river flow and salinity distribution (da Silva Dias et al., 2011). Liu et al. (2004) 

found that the reduction of river discharge after construction of the Feitsui Reservoir in 

China has increased the annual mean salinity to 4.3 ppt near the Kuan-Du wetland. This 

explained that decreasing river flow will result the increase of salinity increase in estuary. 

Savenije (1993a) mentioned that dredging works can directly induce salt intrusion. This 

influence can be seen in the Pulai River estuary in Johore, where dredging works of 18m 

deep and excessive shoreline development for navigation purpose have affected the 

salinity pattern and subsequently affected the estuarine ecosystem (Ibrahim et al., 2008). 

In the Sg. Selangor, salt intrusion problem has significantly deteriorated the ecosystem 

such as “fading fireflies” issue due to the destruction of the mangrove trees (Hassan and 
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Hashim., 2011). Hence, da Silva Dias et al. (2011) stated that it is necessary to maintain 

an acceptable salinity gradient to ensure that the estuarine ecosystem is protected. 

Salt intrusion study is essential to determine the sufficient amount of river 

discharge to flush out saline water up to acceptable saline level for water intake purpose. 

Maximum allowable human consumption of chloride ion content is 0.2 ppt thus it will be 

a problem if salt intrusion occurs at the water intake zone (SMHB et al., 2000). For this 

reason, salt intrusion study should be done preliminary before any proposal on the 

construction of the water intake station to prevent the need of station migration and 

inefficiency of fresh water pumping.  

Different types of 2-D and 3-D modelling software have been developed to study 

salt intrusion in estuaries. However, these application software are very costly and the 

modelling process required substantial amount of data. As an alternative, selection of 

one-dimensional modelling allows users to apply a simpler and economical salt intrusion 

modelling application in alluvial estuaries (Savenije, 1992). Nguyen and Savenije’s 

(2006) one dimensional analytical model showed good performance in simulating salinity 

distribution model even in stratified neap tide condition with low relative error of 4.6% 

to 5.2% .This reliability of the analytical salt intrusion model is also high as it was tested 

in a real estuary (Mekong Estuary) rather than laboratory set-up (Shaha and Cho, 2009).  

 

1.2 PROBLEM STATEMENT 

Salt intrusion is a common phenomenon in estuaries. High tide in conjunction of 

low fresh water discharge causing salt water to intrude further into the river system. For 

example in 1977 the Kobat water intake station in Kuantan has encountered salt intrusion 

problem during the drought period at spring tide. The high saline concentration has 

reached the maximum acceptable consumption of chloride ion content of 0.2 ppt (SMHB 

et al., 2000). Besides water pumping problem, sudden change of salinity concentration 

can also lead to the destruction of mangroves and aquatic lives as they are sensitive to the 

change of salinity level (Hassan and Hashim, 2011).  

There are several modelling method is being done to determine the salinity 

concentration at the estuaries. To perform a comprehensive salinity model, long term data 
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are often needed. However, this requires substantial amount of funding. Moreover, 

readily available software such as Mike21 and Delft3D modelling systems are very 

expensive in terms of the license procurement. Hence, one dimensional modelling is a 

good value-for-money approach to model salt intrusion in estuaries (Savenije, 1993a). 

This approach can be easily done by performing the computation using spreadsheets. 

Nevertheless, the formulas generated in the spreadsheet can be easily erased accidentally 

by the modeller as shown in Figure 1.1. Hence a hidden coding is essential to prevent this 

mistake.  

 

Figure 1.1 Complex formulas are vulnerable to changes 

Sources: Savenije (2005)  

 

  

Complex formulas are vulnerable to changes. 


