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Abstract
Estuaries are bodies of water along the coasts that are formed when fresh water from rivers flows into and mixes with salt
water from the ocean. The density of seawater is greater than fresh water and it varies with salinity and temperature. Fresh
water tends to float on top of seawater because of its lower density. Human-induced activities like the dredging of shipping
lanes along the bottom estuarine, the dumping of industrial wastes into the water system, and shoreline development
influence estuarine dynamics which include the mixing process. These activities lead to salinity changes and further
adversely affect the estuarine ecosystem. The purpose of this research is to verify how salinity-morphology relations change
in an estuarine system under various rainfall patterns, more specifically under extremely high rainfall conditions. The
experiment that has been conducted studied the salinity-morphology relationships for a variety of rainfall patterns, most
particularly for exceptionally high rainfall conditions, using an idealised channel. In the first part of this research, the
morphology changes of the mixing between salt water (estuary) and freshwater (river) for different rainfall patterns, had
been investigated in laboratory experiments. Fresh water was released from one end of the flume channel and overflowing
over the weir at the other end. Meanwhile, salt water was represented by the red dye tracer released slowly through a weir
and intruded horizontally to the upstream as a gravity current. In this experiment, an artificial roughened bed section was
used as morphology change. The salinity pattern is plotted using Microsoft Excel. The salinity levels were measured at
selected stations along the channel/longitudinal (x-axis), and also in transverse (y-axis) and vertical directions (z-axis) within
the time duration. The observed salinity profile showed the difference in salinity level between heavy and light rain
conditions with morphology effect where during heavy rain, the salinity level will decrease, hence, the existence of an
artificial roughened bed section will affect the time taken for the process of mixing between salt water and fresh water. ©
2024, Semarak Ilmu Publishing. All rights reserved.

Author Keywords
Estuarine System;  Morphology Effect;  Salinity Intrusion;  Various Rainfall Pattern

References
Valle-Levinson, Arnoldo
(2010) Contemporary issues in estuarine physics, 
ed. Cambridge University Press

Fairbridge, R. W.
The estuary: its definition and geodynamic cycle
(1980) Chemistry and biochemistry of estuaries, pp. 1-35. 

Chatwin, P. C.
Some remarks on the maintenance of the salinity distribution in estuaries
(1976) Estuarine and Coastal Marine Science, 4 (5), pp. 555-566. 

Balasuriya, Abhaya
Coastal area management: Biodiversity and ecological sustainability in Sri Lankan
perspective
(2018) Biodiversity and climate change adaptation in tropical islands, pp. 701-724. 
Academic Press

Behara, Ambica, Vinayachandran, P. N., Shankar, D.
Influence of rainfall over eastern Arabian Sea on its salinity
(2019) Journal of Geophysical Research: Oceans, 124 (7), pp. 5003-5020. 

9/30/24, 2:42 PM Scopus - Print Document

https://www.scopus.com/citation/print.uri?origin=recordpage&sid=&src=s&stateKey=OFD_1842591238&eid=2-s2.0-85189027775&sort=&clickedL… 1/4



Thrush, Simon F., Townsend, Michael, Hewitt, Judi E., Davies, Kate, Lohrer, Andrew M.,
Lundquist, Carolyn, Cartner, Katie, Dymond, J.
The many uses and values of estuarine ecosystems
(2013) Ecosystem services in New Zealand– conditions and trends, pp. 226-237. 
Manaaki Whenua Press, Lincoln, New Zealand

Jumain, Mazlin, Ibrahim, Zulkiflee, Makhtar, Md Ridzuan, Ishak, Roslee, Rusli, Nurfarhain
Mohamed, Salleh, Mohd Zulkhairi Mat
Spatio-Temporal Patterns of Saltwater Intrusion in A Narrow Meandering Channel
(2022) International Journal of Integrated Engineering, 14 (9), pp. 188-194. 

Azhikodan, Gubash, Yokoyama, Katsuhide
Temporal and spatial variation of mixing and movement of suspended sediment in
the macrotidal Chikugo River estuary
(2015) Journal of Coastal Research, 31 (3), pp. 680-689. 

Azhikodan, Gubash, Hlaing, Nay Oo, Yokoyama, Katsuhide, Kodama, Masashi
Spatio-temporal variability of the salinity intrusion, mixing, and estuarine turbidity
maximum in a tide-dominated tropical monsoon estuary
(2021) Continental Shelf Research, 225, p. 104477. 

Godfrey, Mark Edward, Mathisen, Paul Peter
(2004) Mixing and transport, pp. 2025-2105. 

Chen, Shih-Nan, Sanford, Lawrence P.
Lateral circulation driven by boundary mixing and the associated transport of
sediments in idealized partially mixed estuaries
(2009) Continental Shelf Research, 29 (1), pp. 101-118. 

Adnan, Siti Syuhaida, Gisen, Jacqueline Isabella Anak
Revisiting the salinity condition in the Kuantan Estuary
(2021) Physics and Chemistry of the Earth, Parts A/B/C, 124, p. 103066. 

Nuryazmeen, F. H., Wardah, T., Irma, N. M.
Laboratory investigations on estuary salinity mixing: preliminary analysis
(2014) Int. J. Sci. Basic Appl. Res.(IJSBAR), 13 (1), pp. 36-41. 

Haron, Nuryazmeen Farhan, Tahir, Wardah
Physical model of estuarine salinity intrusion into rivers: A review
(2014) Advanced Materials Research, 905, pp. 348-352. 

Haron, Nuryazmeen Farhan
(2018) Modelling of salinity intrusion for transverse flow during extreme flood event in
Kuala Selangor, 
PhD diss., Universiti Teknologi MARA

Lawrence, Michael G., Kamber, Balz S.
The behaviour of the rare earth elements during estuarine mixing— revisited
(2006) Marine Chemistry, 100 (1-2), pp. 147-161. 

Law, Adrian Wing-Keung, Wang, Hongwei
Measurement of mixing processes with combined digital particle image velocimetry
and planar laser induced fluorescence
(2000) Experimental thermal and fluid science, 22 (3-4), pp. 213-229. 

Cheng, Peng, Valle-Levinson, Arnoldo, de Swart, Huib E.
A numerical study of residual circulation induced by asymmetric tidal mixing in
tidally dominated estuaries
(2011) Journal of Geophysical Research: Oceans, 116 (C1). 

9/30/24, 2:42 PM Scopus - Print Document

https://www.scopus.com/citation/print.uri?origin=recordpage&sid=&src=s&stateKey=OFD_1842591238&eid=2-s2.0-85189027775&sort=&clickedL… 2/4



Park, Sung Won, Ahn, Jungkyu
Experimental and numerical investigations of primary flow patterns and mixing in
laboratory meandering channel
(2019) Smart Water, 4 (1), pp. 1-15. 

Cheng, Peng, Valle-Levinson, Arnoldo, De Swart, Huib E.
Residual currents induced by asymmetric tidal mixing in weakly stratified narrow
estuaries
(2010) Journal of physical oceanography, 40 (9), pp. 2135-2147. 

Ledwell, James R., Duda, Timothy F., Sundermeyer, Miles A., Seim, Harvey E.
Mixing in a coastal environment: 1. A view from dye dispersion
(2004) Journal of Geophysical Research: Oceans, 109 (C10). 

Kuijper, Kees, Van Rijn, Leo C.
Analytical and numerical analysis of tides and salinities in estuaries; part II: salinity
distributions in prismatic and convergent tidal channels
(2011) Ocean Dynamics, 61, pp. 1743-1765. 

Al-Fuady, Mohammed Faisel, Azzubaidi, Riyadh Zuhair
An Experimental study on investigating and controlling salt wedge propagation."
(2021) In IOP Conference Series: Earth and Environmental Science, 779 (1), p. 012079. 
IOP Publishing

Zhao, Jun, Zhu, Liangsheng, Li, Jianhua
Numerical Experiment on Salt Transport Mechanism of Salt Intrusion in Estuarine
Area
(2022) Water, 14 (5), p. 770. 

Liang, Qiuhua
Flood simulation using a well-balanced shallow flow model
(2010) Journal of hydraulic engineering, 136 (9), pp. 669-675. 

Liang, Qiuhua, Du, Guozhi, Hall, Jim W., Borthwick, Alistair G.
Flood inundation modeling with an adaptive quadtree grid shallow water equation
solver
(2008) Journal of Hydraulic Engineering, 134 (11), pp. 1603-1610. 

Wolanski, Eric, Moore, K., Spagnol, S., D'adamo, N., Pattiaratchi, C.
Rapid, human-induced siltation of the macro-tidal Ord River Estuary, Western
Australia
(2001) Estuarine, Coastal and Shelf Science, 53 (5), pp. 717-732. 

Kim, Yong Hoon, Voulgaris, George
Lateral circulation and suspended sediment transport in a curved estuarine
channel: Winyah Bay, SC, USA
(2008) Journal of Geophysical Research: Oceans, 113 (C9). 

Tinh, Nguyen Xuan, Wang, Jin, Tanaka, Hitoshi, Ito, Kinuko
Response of salinity intrusion to the hydrodynamic conditions and river mouth
morphological changes induced by the 2011 tsunami
(2020) Journal of Science and Technology in Civil Engineering (STCE)-
HUCE, 14 (2), pp. 1-16. 

Correspondence Address
Haron N.F.; School of Civil Engineering, Selangor, Malaysia; email: nuryazmeen@uitm.edu.my

Publisher: Semarak Ilmu Publishing

ISSN: 24621943
Language of Original Document: English
Abbreviated Source Title: J. Adv. Res. Appl. Sci. Eng. Technol.
2-s2.0-85189027775

9/30/24, 2:42 PM Scopus - Print Document

https://www.scopus.com/citation/print.uri?origin=recordpage&sid=&src=s&stateKey=OFD_1842591238&eid=2-s2.0-85189027775&sort=&clickedL… 3/4



Document Type: Article
Publication Stage: Final
Source: Scopus

Copyright © 2024 Elsevier B.V. All rights reserved. Scopus® is a registered
trademark of Elsevier B.V.

9/30/24, 2:42 PM Scopus - Print Document

https://www.scopus.com/citation/print.uri?origin=recordpage&sid=&src=s&stateKey=OFD_1842591238&eid=2-s2.0-85189027775&sort=&clickedL… 4/4


