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Interaction of tide and salinity barrier: Limitation of numerical model
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Abstract

Nowadays, the study of interaction of the tide and the salinity barrier in an estuarine area is usually accomplished via
numerical modeling, due to the speed and convenience of modern computers. However, numerical models provide little
insight with respect to the fundamental physical mechanisms involved. In this study, it is found that all existing numerical
models work satisfactorily when the barrier is located at some distance far from upstream and downstream boundary condi-
tions. Results are considerably underestimate reality when the barrier is located near the downstream boundary, usually the
river  mouth.  Meanwhile,  this  analytical  model  provides  satisfactory  output  for  all  scenarios.  The  main  problem  of  the
numerical model is that the effects of barrier construction in creation of reflected tide are neglected when specifying the
downstream boundary conditions; the use of the boundary condition before construction of the barrier which are signific-
antly different from those after the barrier construction would result in an error outputs. Future numerical models should
attempt to account for this deficiency; otherwise, using this analytical model is another choice.
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1. Introduction

The  salinity  barrier  is  a  kind  of  estuarine  structure
constructed for protecting the salinity intrusion and storing
freshwater during low river discharges and also preventing
flooding during flood tides and high storm surges from the
sea. However, the construction of a barrier at the river mouth
or inside the river may result in amplification of the tide due
to the creation of a reflected tide at the barrier. This reflected
tide and incident tide become a standing tide which creates
two major problems; the overspill of saline water during high
water,  and  bank  erosion  during  low  water  along  the  tidal
reach downstream of the barrier .

Presently, due to the advanced state of computer
technology,  numerical  models  play  a  vital  role  hydraulic
engineering  studies.  Tidal  propagation  in  estuaries  can  be

simulated using numerical models or experiment methods.
While  in  some  cases,  these  methods  have  produced  quite
accurate  predictions,  the  results  provide  little  insight  with
respect  to  the  fundamental  mechanisms.  For  instance,  in
certain estuaries tidal barriers may produce an increase in
tidal range but, in another estuary, a decrease may result. In
some cases, within the same estuary, a tidal barrier may give
an augmentation in the tidal range at the barrier site but a
decrease happens further downstream. It was observed that
the change in tidal range for a particular barrier location may
be significantly affected by the position of the downstream
boundary. There is no general theory to explain these diverse
results. It is still not clear why tides are considerably ampli-
fied  in  certain  estuaries  yet  quickly  dissipated  in  others
(Rahman, 1988). However, it appears that in the vicinity of a
barrier site the tidal range is always increased approximately
twice as much as before.

In part 3 of this paper, the analytical model for the
interaction of the tide and the salinity barrier is developed as*Corresponding author.
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4. Numerical  Model  versus  Analytical  Model  and  Dis-
cussion

In this part, the analytical model from the previous
part 3 is applied to the Tha Chin River, one of four important
rivers draining into the Upper Gulf of Thailand, as shown in
Figure 1. The results from the analytical model are then

compared with results from the numerical model. Recently, it
was proposed to construct the barrier approximately 15 km
from  the  river  mouth  for  the  Tha  Chin  River  in  order  to
alleviate the salinity intrusion problem for the provision of
freshwater for the irrigation projects. The river and the loca-
tion of the proposed barrier site are shown in the Figure 2.
However, this project was eventually abandoned during the

Figure 1.  The Upper Gulf of Thailand and four important rivers draining into it.

Figure 2.  The Tha Chin River and the proposed barrier site.
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feasibility study because a number of opponents, particularly
the local people along the downstream bank. They were pri-
marily worried about the water quality of this river since it is
known  to  be  the  worst  in  this  aspect  among  all  the  rivers
in Thailand. The study of water development along down-
stream region of this river is imperative since there are lots
of vital agricultural areas, tourism places, villages, schools,
temples, etc. in this area. It can be seen from the Figure 2 that
the city of Samut Sakhon is also located near the estuary. Cer-
tainly, the local people and economy suffer if the proposed
barrier were to cause harm to local environment. Attenua-
tions of recorded tides in the Tha Chin River in dry season
from  January  to  June,  and  for  January  1996  are  shown  in
Figures 3 and 4, respectively.

In this application to the Tha Chin River, the results
of  the  analytical  computation  of  the  water  level  at  the
proposed barrier site during fully closed operation are quite
similar to the low flow condition in the dry season, therefore
are computed by the use of the average value of damping
modulus coefficient and the change of tide number during
the dry season, (January to June 1996), as shown in Figures
3 and 4; which show that the river discharge has insignific-

ant effect to damping the tide and has the rather similar condi-
tion to the case of fully closed operation of the barrier. A
numerical  model  is  utilized  to  actually  predict  the  water
level at the proposed barrier site for the case of natural flow
without a barrier. This is due to the lack of experimental data
indicating the actual water level at the proposed barrier site.
The observed hourly water level data at the Tha Chin River
mouth station and at Pho Phraya station (200 km from the
river  mouth)  are  used  as  the  downstream  and  upstream
boundary conditions in the model, respectively. The numeri-
cal  model  is  also  used  to  predict  the  water  level  at  the
proposed barrier at the site assuming a fully closed barrier.
The comparison of water surface fluctuation, in case of fully
closed operation at the proposed barrier site, results from the
analytical model and from the numerical model, are shown
in the Figure 5, together with water level fluctuation data
computed  from  the  numerical  model  for  the  case  of  no
barrier. It can be seen clearly that the numerical model yields
only  a  slight  increment  of  tidal  range  at  the  barrier  site,
which is impossible, while the analytical model produces
a  more  reasonable  result.  This  is  because  in  running  the
numerical model, the hydrodynamic downstream boundary

Figure 3.  Attenuation of recorded tides in the Tha Chin River in dry season from January to June 1996.
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condition, normally hourly water level, is set as input data
before construction of the barrier and serves the hydrodyna-
mic characteristics in the vicinity of its site, which actually
would be significantly changed due to the barrier construc-
tion in creating the reflected tide. Accordingly, when the
numerical model is applied into the case where a barrier is
located near to boundary condition; the use of the boundary
condition before construction of the barrier which are signi-
ficantly different from those after the barrier construction
would result in an error outputs. Future work should address
this deficiency in the numerical model.

Considering the water level change due to the salinity
barrier in the Bang Nara River, located 6 km upstream of the
Bang Nara river mouth (Vongvisessomjai et al., 2003), one
can find that after construction of the tidal regulator, the
water surface fluctuation at the structure has increased as
much as two times, which is shown in Figure 6. However,
the tidal range at the structure in the Bang Nara River was
increased from only 0.5 m to 1.0 m, which is a small range,
due to the natural feature of entering tidal propagation in this
estuary. This has not affected the downstream area much;
hence, the operation of the tidal regulator in this river not

resulted in adverse conditions. Meanwhile, for the rivers in
the vicinity of the Upper Gulf of Thailand, such as the Tha
Chin River and the Bang Pakong River, the tidal range at the
barrier site would be approximately augmented from 2.5 m
up to 6.0 m. Accordingly, it is obvious that the operation of
the salinity barrier in the Bang Pakong River, located at 62
km from the river mouth, has faced many problems from this
excessive amplification of tidal fluctuation since it causes
river bank sliding, over spill of saline water, and flooding
problems in the downstream area of the dam. Currently, the
barrier is not used. No doubt, if the proposed barrier at 15
km in the Tha Chin River had been operated, there would
have been problems similar to the ones in the Bang Pakong
River.  Obviously,  the  design  and  assessment  of  salinity
barrier  operation  requires  keen  comprehension  of  river
hydraulic  behavior  under  natural  conditions  in  order  to
prevent unfavorable effects.

5. Conclusions

It was found from the present study that the analytical
model for interaction of the tide and the salinity barrier was

Figure 4. Attenuation of tides in the Tha Chin River in January 1996. 
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Figure 4.  Attenuation of recorded tides in the Tha Chin River in January 1996.
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predicted more accurately by the analytical model than the
numerical model. However, if the barrier was located far
from the upstream and downstream boundary conditions, it
was found that the numerical model was sufficient, as in the
case of the Bang Pakong river, from Vongvisessomjai and
Srivihok (2003). In the Bang Pakong River, the structure was

Figure 5. The comparison of water surface fluctuation at the proposed barrier site in the Tha Chin River between the results from the
analytical model and from the numerical model for fully closed operation in January 1996.

Figure 6. The comparison of observed water level between before and after construction of tidal regulator in Bang Nara River
(Vongvisessomjai et al., 2003).

located at 62 km from the river mouth and it was found that
during the operation of closing of the gate, the tidal range at
the barrier site would be augmented by approximately twice
as much. It was also noted that for the barrier located near
the estuary, like the one at the Bang Nara River, which was
constructed about 6 km upstream of the Bang Nara river
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mouth, the tidal range at the structure site would still increase
approximately  double  due  to  this  obstruction  of  the  tidal
propagation.  Recently,  it  was  proposed  to  construct  the
salinity barrier at approximately 15 km from the estuary for
the Tha Chin River.  It was found from the numerical model
that the damping of water surface fluctuation near the barrier
would increase very slightly, which was impossible. This was
because in running the numerical model, the hydrodynamic
downstream boundary condition, usually hourly water level,
was set as input data before construction of salinity barrier
and served the hydrodynamic features in the area near its
site,  which actually would be considerably changed due to
the barrier construction in creation the reflected tide. Accord-
ingly, when the numerical model was applied into the case
where a barrier was located near to boundary condition; the
use of the boundary condition before construction of the
barrier which were significantly different from those after the
barrier construction would result in an error outputs. Future
work should address this deficiency in the numerical model.

References

Ippen, A.T. and Harleman, D.R.F. 1966. Tidal Dynamics in
Estuaries, Chapter 10 of Estuary of Coastline Hydro-
dynamics, Mc Graw Hill Book Company, Inc.

Rahman, M., 1988. The Hydrodynamics of Waves and Tides,
with Applications, Topics in Engineering Vol. 4, Com-
putational Mechanics Publications, Southampton UK
and Boston USA.

Vongvisessomjai, S. and Rojanakamthorn, S., 1989. Inter-
action of Tide and River Flow, J. Waterways, Port,
Coastal, and Ocean Eng., ASCE, 115(1): 86-104.

Vongvisessomjai, S. and Srivihok, P., 2003. The interaction
between tide and salinity barriers, Songklanakarin J.
Sci. Technol., 25(6): 743-756.

Vongvisessomjai, S., Weesakul, S., and Srivihok, P., 2003.
Water level change by tidal regulator in the Bang Nara
River, Songklanakarin J. Sci. Technol., 25(6): 757-
771.

Vongvisessomjai, S. and Chatanantavet, P. 2006. Analytical
model of interaction of tide and river flow, Songkla-
nakarin J. Sci. Technol., 28(6): 1149-1160.




