Int. J. Environ. Sci. Tech., 7 (4), 675-686, Autumn 2010
ISSN: 1735-1472
© IRSEN, CEERS, IAU

Prediction of tidal excursion length in estuaries due to the
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ABSTRACT: Tidal excursion is an important parameter that indicates hydraulic and mixing characteristics of estuarine
environments. Prediction of the tidal excursion length provides a proper tool for environmental management of estuaries.
In this study, the governing equations of the salinity transport were scaled first to recognize the effective dimensionless
parameters of tidal excursion length. Then, a laterally averaged two-dimensional numerical model called CE-QUAL-W?2
was used as a virtual laboratory to simulate the salinity intrusion length. Existing field data of Limpopo estuary, as a
case study, was used for calibration and verification of the model and reasonable agreement was observed between the
model results and the field data. Finally, the verified model was used to assess the influences of the governing parameters.
The results showed that simple power functions can be used to describe the effects of dimensionless parameters
obtained by scaling of the governing equations. As a result, a new formula in form of a power function was derived to
predict the tidal excursion length based on the geometric and hydrodynamic characteristics of alluvial estuaries. Comparison
of the computed tidal excursion lengths using the derived formula with the observed measurements in several estuaries
showed the robustness of the developed formula.
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INTRODUCTION

An estuary is a semi-enclosed coastal water body
connecting riverine and saline environments. Estuaries
are the main water resources along the coastlines. Since
estuaries are among the most productive ecosystems
on earth, they have been amongst the most populated
areas in the world. Nowadays, more than 50 % of the
world population lives along the estuaries and
coastlines (Lindeboom, 2002). Estuaries are also
considered as an especial ecosystem, due to the
existence of tidal condition and brackish water. The
multiple use of estuarine water indicates the importance
of water quality of estuaries. Changes in water quality
conditions have severe environmental impacts on the
estuarine ecosystem (Nouri et al., 2008; 2009). The
estuarine salinity is as an indicator of water quality for
both organism distribution and water consumptions
criteria (Jassby et al., 1995; Attrill, 2002; Reinert and
Peterson, 2008). Salinity distribution in an estuary is
affected by morphologic, bathymetric and
hydrodynamic characteristics (Abbaspour et al., 2009).
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As estuaries are affected by both marine and riverine
influences, their salinity and water quality depend
strongly on the riverine discharge, tidal fluctuation and
the amount of salinity originated from the ocean
(Karbassi et al., 2007; Biati et al., 2010; Sundararajan
and Natesan, 2010). The salinity variation in an estuary
isinfluenced by tidal level, bathymetry, channel friction
and riverine discharge (Mooraki et al., 2009). These
environmental changes, which can be due to the man-
made or/and natural changes affect the water quality
and salinity intrusion, biological and environmental
characteristics of estuaries. One of the most interesting
environmental issues in the estuaries is determination
of salinity intrusion length, which is the length from
the mouth to a point in which the salinity is
approximately the same as riverine water salinity. Salinity
intrusion length varies periodically during a tidal cycle.
The maximum and minimum salinity intrusion length
occur in high water slack (HWS) and low water slack
(LWS), respectively. The difference of salinity intrusion
lengths between HWS and LWS is defined as tidal
excursion length. An estuary can be divided into three


IJEST
Placed Image



J. Parsa; A. Etemad Shahidi

different zones based on the salinity contents. The
first zoneis completdy salineandits salinity dwaysis
morethan riverinewater salinity. In the second zone,
which coincideswith thetidal excursion length, salinity
varies periodically between freshwater and brackish
water salinity. The third zone is always fresh and its
salinity isthe sameasriverinewater salinity. The major
feature of the second zone may be its importance for
water consumption, e.g. drinking. Savenije (1992)
showed that the product of the tidal excursion length
and the cross-sectional area at the estuary mouth isa
good approximation for thetidal prism. Recent work of
Savenije (2005) implied that thetidal excursion length
isan important parameter, indicating the hydraulicand
mixing mechanism of estuaries. He also showed that
thetidal excursion length can be used to estimate the
dispersion coefficient and its longitudinal variation
along an estuary. Tidal excursion length also can be
used as a length scale in the modeling of sediment
trangport in estuaries (Schramkowski et al., 2002; Hibma
et al., 2003; Khoet al., 2009). Schuttelaarset al. (2004)
showed that morphodynamic equilibrium depends on
theratio of estuary width to thetidal excursion length
(Panjeshahi and Atael, 2008). Most of the studies on
the estuaries have focused on the salinity intrusion
length. Although several attempts have been carried
out to predict the salinity intrusion length in different
situation (e.g. Van der Burgh, 1972; Rigter, 1973;
Savenije, 1993; Parsaet al., 2007). Unfortunately, there
islimited comprehensive study on thetidal excursion
context. Mogt of thestudieson the salinity in estuaries
present thesalinity intrusion length in LWS, TA (tidally
averaged), and HWS. Theseinvestigations mainly used
empirical model sto predict thesalinity intrusion length
(e.g. Vander Burgh, 1972; Rigter, 1973; Fischer, 1974;
Savenije, 1993). Among these studies, only Savenije
(1993) studied the tidal excursion length in real
estuaries.

The overall objective of the study is to provide a
rapid tool in alluvial estuaries to assess the
environmental impacts of anthropogenic and natural
environmental changes. Themain thrugt of the present
paper isto deriveaformulato predict thetidal excurson
length using scaling argument and numerical modeling
(Mirbagheri and Hashemi Monfared, 2009). Unlikethe
previous studies, which are mostly obtained by
integrating a simple sinusoidal wave function over a
tidal cycle, a scaling approach is used in this work.
Further, the focusison thealluvia estuaries, which

coversmost of estuaries worldwide.

Tidal excursion length isthe net horizontal distance
traveled by awater particlefrom LWStoHWSor vice
versa. It can be used to describe the movement of
pollutantsin estuariesduring atidal cycle(Zhen-Gang,
2008). Thetraditional relationship for estimation of the
tidal excursion length is obtained by integrating a
sinusoidal tidal velocity over ahalf of tidal cycle (e.g.
Thomann and Mueller, 1987; Savenije, 2005; Zhen-
Gang, 2008). In thisway, thetidal excursion lengthis
the twice of tidal velocity amplitude divided by the
tidal frequency:

EoUT

1)
T

Inwhich, E isthetidal excursionlength, U_ isthe
tidal velocity amplitudeand T isthetidal period. Most
of natural estuaries have an exponentially varying
width, depth and cross-sectional area (Wright et al.,
1973; Dyer, 1986; Prandle, 1986; Savenije, 1993). Based
on Savenije's (1993) observations from 15 estuaries
worldwide, most of thealluvial estuarieshave constant
depth and exponentially varying width. Savenije(1993)
conducted an extensive study on the salinity intrusion
mechanism in the alluvial estuaries. He solved the
advection-diffusion equation analytically toderive an
empirical modd to predict thesalinity intrusion length.
Savenije (1993) utilized the following exponential
functionsto expressthelongitudinal variation of cross-

sectional areaand widthinthealluvial estuaries:

A=A exp(— 2] (2)

B =B, exp(— ;(j (3)

Where, A and B arethe cross-sectional areaand the
width of estuary at a distance x from the mouth,
respectively. A and B_ denotetherelevant variablesat
the mouth, a is the cross-sectional area convergence
length and b is the width convergence length.

Since Savenije's(1993) modd containscalibration
coefficients resulting from assumptionsmade in their
derivation, he carried out numerical simulationsfor a
wide range of hydraulic and geometric conditions.
Based on hisscaling and the model results, hearrived
at the following relationship for the tidal excursion
length (Savenije, 1992; 1993):
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vT
E=1.08—
= (4)

Savenije (1992; 1993; 2005) emphasized the
importance of the bathymetry effects on the estuarine
mixing mechanism. Therefore, in thisstudy, the effects
of various hydraulic and geometric parameterson the
tidal excursion length are examined to realize the
relationship between these parameters and tidal
excursion. Thisstudy wascarried out in the Department
of Water Engineering, School of Civil Engineering, Iran
University of Science and Technol ogy in 2008-2009.

MATERIALS AND METHODS

Scaling analysis involves a systematic method for
non-dimensionalizing the dependent and i ndependent
variables in a set of describing equations for a
physical process. The dimensionless governing
equationsinvol vethe effective dimens onless groups
that are optimal for correlating experimental or
numerical data and extrapolating known empirical
equations (Krantz, 2007). Furthermore, given certain
inputs based on experimental observations or data,
scaling analysis can be used to derive empirical
relationships; which would otherwise be quite
difficult, if notimpossibleto arriveat.

In this study, scaling analysis is used to emerge
the effective dimensionless parameters in the tidal
excursion length. It is assumed that salinity in the
vertical direction isapproximately constant along the
entire estuary. In order to obtain the relevant
dimensionless groups, following equations for tidal
movement and mass balance are considered:

@ OAu

+ =0

ot OX )
ou ou _oh g ulul h op
= el T - B bl —F_0
at+uax+gax+C2 h ' 2p OX ©)
op Opu
—+—L—=0
ot OX ¢
with the boundary conditions:

H, .

h=ho+7°sm(@j at x=0 )
uh =-q, at x=1L 9)
p=p. at x=0 (10)

Whereqisthetidal mean water level with respect to
an arbitrary datum, U is the cross-sectional mean
velocity, g istheriverinedischarge per unitwidth, Cis
Chezy coefficient, H_isthetidal range, L istheestuary
length, X isthe horizontal distance from the mouth
and t istime.

Based on these equations, the following
dimensionless variables can beintroduced as:

"
gh. (12)
_h
n= F (12)
B
V= B_ (13)
g
=2 (14)
Y2
=+
Ap (15)
X
£=7 (16)
T= L 17
T (17)
Resonance length can be defined as:
1
L =7 TVah. (18)

Replacing Egs. 11-18 into Egs. 5-10 yields to the
following equations:

a_on , o) _,

4L, or  0f (19)
a_ v, ,0v on Akl ot oo o
AL, 87 8& 8 h, @ 2T 8¢
a £+6FUZO
4L, o7 @ o0 (21)
with the boundary conditions as:
H, . B
77:l+2—hosm(27rr) at £=0 (22)
q, L
on = - at =—
T e “Ta (23)
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r=r. at &=0 (24)

Therefore, solutionsfor 77, v and T resultin:

h Ly h, g H q L
=nénr— T — T
77[67761 T 2| (2

h "a’'C2’h 'h.fgh
u LR ho g Ho qr L
= TV — 11—‘1*
v ah ‘{§T7 a'aC’h ho\/ng a (26)
P L, h, g H,
r=2-r —= L 39 =
[éf% a'Cih h\/gT ](27)

At HWS and/or LWS the above equation can be
rewritten as;

Atthelimit of salinity intrusion in both LWS and HWS,
the salinity of the water is approximately the same as
the riverine water salinity and therefore, Eq. 28 will
become:

Lf Liiiqirﬂk
a 4 (29)

Wherei=1,2 |nd|cat|ng thetwo different statesfor
LWS and HWS. In Eg. 29, thefirst parameter is the
width of estuary divided by the width at the mouth.
This parameter can be well stated by geometric
convergence length. Since the convergence length of
cross-sectional areais used in the both side of Eq. 29,
this parameter can be eliminated from Eqg. 29.
Furthermore, the last parameter in Eq. 29 that comes
from Eqg. 23 showsthat the riverine Froude number must
be computed at the end of estuary. Assuming constant
riverine discharge and depth, the riverine Froude
number at the end of an estuary isrelated to that of the
estuary mouth and then the riverine Froude number
can be determined at the estuary mouth. In this way,
thefinal form of thefunctional relationship arrived from
the scaling can besimplified as:

(30)

Asthe difference between salinity intrusion lengths
at LWS and HWS is the same as the tidal excursion
length, then:

E _Hws B | Lws _ f(LR h,

a a a

E
In which " is called the tidal excursion number

and the dimensionless parameters on the right-hand
side of Eq. 31 are called the resonance number, the
estuary shape number, the roughness number, thetidal
range number, the riverine Froude number and the
density number, respectively. It should be noted that
Savenije(1993) showed that the estuary shape number
isagoodindicator for shape of theintrusion curve. He
also used thetidal range number to characterize the
salinity intrusion in thealluvial estuaries.

Study area

The Limpopo River estuary was used in this study
asthe base case study. Thisestuary (Fig. 1) emanates
from Botswanaand drainsalarge part of Transvaal in
South Africa and the southeastern part of Zimbabwe
and flows intothelndian Ocean at thecity of Xai-Xai
in Mozambique (Savenije, 1992; UNER, 2005). Theriver
experiences high stream flow variahility characterized
by flooding after intenserainfall and extremelow flows
during severe droughts (Ashton et al., 2001). In
Mozambique, three important tributaries connect to
the Limpopo River: the Nuanedzi River, the Changane
River and the ElephantsRiver (SARDC, 2003). Limpopo
estuary is alluvial and its cross-sectional areas
decrease exponentially landward. The depth is
approximately constant along the entire estuary. The
cross-sectional area and width convergence lengths
are 50 km (Savenije, 1993). Salinity intrusion in the
estuary isusually measured up to 55 km upstream and
up to 80 km during droughts (Anon Mozambique,
2006).

Numerical model description

Numerical models are useful tools for assessment
of environmental impacts of anthropogenic and natural
changes in estuaries. They have been successfully
utilized to simulate and predict the hydrodynamic and
water quality in coastal water bodies (Abbaspour and
Shojaee, 2009; Moshfeghi et al., 2005; Etemad-Shahidi
etal., 2008, Anet al., 2009). Thenumerical smulations
were performed with a laterally averaged two-
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Fig. 1: Limpopo estuary map and its main tributaries

dimensiona modd, named CE-QUAL-W2. Thismode
isalongitudinal-vertical hydrodynamic and transport
model developed for long-term, time-varying water
quality simulationsthat handlevariable dendty effects
on theflowfield. It hasbeen widely used in modeling
of estuaries and lakes (Kurup et al., 2000; Bown and
Hieronymus, 2003; Zahed et al., 2008; Etemad-shahidi
et al., 2009). The modd uses several zero-equation and
two-equation turbulence cl osure schemesto represent
vertical mixing in estuarinewater bodies. Thegoverning
equations of the model are given by Cole and Wells
(2008).

The required data to reproduce estuarine
dynamics comprised of the estuary bathymetry and
boundary conditions both at the estuary head and
at the mouth. The discretized domain consisted of
130 x 14 cells so that the estuary was resolved by
130 grid cellsalongitsaxisand 14 grid cellsin the
vertical direction. Thetotal length of the estuary is
130 km and the bottom friction was parameterized
using Chezy coefficient.

RESULTS AND DISCUSSION

For calibration of the model, the data collected on
10 August 1994 were used. The boundary conditions
at themouth consisted of tidal levels and salinity. The

tidal wavewasimpaosed with atidal rangeof 1 m, atidal
period of 44440 s and the salinity was enforced as 35
ppt. The average discharge during the studied period
(3 m¥s) was considered as the upstream boundary
condition. At the upstream boundary, the salinity of
riverinewater was 1.2 ppt.

Based on the bed friction coefficient reported by
Savenije (1993), Chezy coefficient wasimposed as55
mY2/s. The measured salinity profile was used to
calibratethe transport module. The modd was executed
for several tidal cycles to reach a quasi-steady state
and was calibrated by minimizing the difference
between the observed and simulated salinities.
Comparison of the measured and ssimulated salinities
isshown in Fig. 2. Theroot mean squarerdative errors
(RMSRES) between the measured salinities and
simulated results along the estuary at HWS and LWS
were0.11 and 0.26, respectivey. The measured salinity
intrusion length was 60 km whilethe numerical results
indicated alength of 60.8 km. These results show that
themodel performsvery well.

To verify themodd, the field data of 4 April 1980
wereused. For downstream boundary, S =30 ppt and a
tidewith aperiod of 44440 sand arangeof 1.1 mwere
used. Theaveraged flow rateof 150 m¥sand asalinity
of 0.3 ppt were imposed as the upstream boundary
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conditions. The model results for the salinity
digribution along the entire estuary for HWS and LWS
isshown in Fig. 3. Ascan be seen, the simulated and
observed salinity distributions are in good agreement
(RMSREs of 0.11 and 0.25 for HWS and LWS,
respectively). The reported salinity intrusion length
was 21 km whilethe model resultsindicated asalinity
intrusion length of 20 km. In general, the model
performed reasonably well. Hence, it can beused asa
virtual laboratory to simulate the salinity intrusion in
different conditions. The verified model was used asa
virtual laboratory to ssimulate the salinity intrusion
lengthsin LWS and HWSto computethetidal excursion
length. The model was executed to attain to quasi-
steady state for a number of different values of
independent parameters obtained by the previously
mentioned scaling. In thisway, different val ues of tidal
amplitudes, mean water depth, roughness coefficient,
riverine discharge, convergencelength and salinity at
the mouth were adopted. Then, six sets of scenarios
were considered and tidal excursion lengths were
determinedin all of them. In all scenarios, one of the
mentioned dimensional parameters was varied while
the others were remained constant. Following, the
effectsof these parameterson thetidal excursion length
aredescribed in dimensionlessform.

Theeffects of dimensionless parameterson thetidal
excursion number aredescribed and attempts are made
to find the best mathematical functionsthat fit to the
results. To achieve this purpose, the magnitudes of
dimensionless parametersin Eg. 31, are computed and

40
35 4
30 A
25

20 -

Sdinity (ppt)

givenin Table 1. Thevariation of thetidal excursion
number versus each dimensionless parameter is
indicatedin Figs. 4 af.

The effect of the resonance number on the tida
excursion number was examined by changing thewater
depth. The logarithm of the tidal excursion number
against thelogarithm of the resonance number shows
amererelationship between these parameters(Fig. 4a).
This relationship can be shown by a power function

E L 122
as ~(;j with R2=0.99. Thisindicatesthat the

resonance number has a governing role in the tidal
excursion number.

The response of the tidal excursion number to the
variation of estuary shape number was studied using
the combined magnitude of different water depth and
convergencelengths. Relationship between these two
dimensionless parameters, asshown in Fig. 4b, can be

E hQ 122
well demonstrated by o N(aj withR2=0.99. Itis

seen that the salinity intrusion number depends
directly on the estuary shape number.

To indicate the effect of the roughness number on
the tidal excursion number, the salinity intrusion
numberswere plotted against the different roughness
numbers (Fig. 4c). The results indicate that

E -031
— ~(%j with ahigh determination coefficient, i.e.

Distance from the mouth (km)

A Field dataat HWS
M odel results at HWS

m Fielddataat LWS
M odel results at LWS

Fig. 2: Comparison of the model results and field data along the Limpopo estuary on 10 August 1994
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Fig. 3: Comparison of the model results and field data along the Limpopo estuary on 4 April 1980

R?=0.99.

Plotting the different values of tidal range
number against the salinity intrusion number in
Fig. 4d, indicatesthat the salinity intrusion number

031
E H. . . I
follows ?N[hJ with high determination

coefficient, i.e. R2=0.99. Thisrelationship issupported
by thefindings of Savenije (2005). He called thetidal
excursion length as the horizontal tidal range and
showed the direct relationship between tidal excursion
length and the tidal range.

The response of the tidal excursion number to the
riverine Froude number can be expressed by

E [ g
"\ h.yoh.

a
that thetidal excursion length isnot affected by riverine
Froude number while the obtained resultsin thisstudy
show amarginal effect of this parameter on thetidal
excursion length. Accordingto Eg. 1and Eq. 4, it seems
that the density difference between the seawater and
the upstream riverine water has no effect on thetidal
excursion length. The present study confirms this
assumption. Based on the obtained results, the
relationship between the tidal excursion number and
Ap,

005
P J

with R? = 0.99 (Fig. 4f). In addition, the values of

] (Fig. 4€). Eqg. 1 and Eq. 4 emphasize

E
the density number corresponds with aN[

seawater salinitiesaremainlyin alimited rangebetween
25 and 35 ppt. Therefore, this parameter can be
eiminated from Eq. 31.

To summarize, the above-mentioned results indicate
that the rel ationshi ps between thetidal excursonlength
and the effective dimensionless parameterscan bewel |
represented by power functions. Furthermore,
assessment of the resonance number and the estuary
shape number implies that these two parameters are
very similar. Sincetheresonance number includesthe
tidal period, which does not appear in any other
dimensi onl ess parameters, the estuarine shape number
was omitted from Eq. 31. The regression analysis
between the tidal excursion number and theremaining
dimensionless parameters on the right-hand side of
Eg. 31 impliesthat the following power function fits
well to theresults:

012

E_ 102 i 111 i -03 i 033 q, :
g—7.85 1U[aj (Czj [hj [h\/gTLJ (32)

with R2=0.99. The obtained high correlation factor
indicates that the used scaling to derive the
dimensionless parameters was successful.

Comparison of Eq. 32 with the previousempirical
models indicates an important advantage of this
equation. Firstly, Eq. 32 includes several hydraulic
parametersthat have not been considered previously.
Secondly, this equation employs directly the tidal
range value while the previous models, i.e. Egs. (1-
4), use the amplitude of tidal velocity. This is a
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noticeable advantage of Eq. 32 because the tidal
velocity amplitude cannot be measured easily and
accurately.

Application of the model

Validation of adevel oped model isvital to show its
capability and accuracy in real conditions. To assess
thevalidity of Eq. 32in prediction of thetidal excursion
length, several real estuarieswereconsidered here. All

682

selected etuariesarealuvial and thereforetheir cross-
sectional areas decrease landward. The field data of
these estuaries were obtained from Savenije (1993,
2005). The required data of the estuaries and the
obtained resultsaresummarized in Table 2. Theresults
of the presented model were then compared with the
observed val ues and with those obtained by Eq. 4. As
indicatedin Figs. 5and 6, the computed tidal excursion
lengths using the presented model are in good
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Table 1: Results of scenarios for different tidal excursion lengths

Hooh ¢ o a s %» g L A H 3 g E
P a a h, h \/g_h c? a
m (m (¥ (%9 (km) (ppt) () km) () () () () () ()
1.0 7.0 55 3 50 35 0.026 877 1.841 0.00014 0.143 0.000139 0.00324 0.175
2.0 7.0 55 3 50 35 0.026 11.00 1.841 0.00014 0.286 0.000139 0.00324 0.220
3.0 7.0 55 3 50 35 0.026 10.00 1.841 0.00014 0.429 0.000139 0.00324 0.200
40 7.0 55 3 50 35 0.026 1460 1.841 0.00014 0571 0.000139 0.00324 0.292
5.0 7.0 55 3 50 35 0.026 1500 1.841 0.00014 0.714 0.000139 0.00324 0.300
6.0 7.0 55 3 50 35 0.026 1470 1.841 0.00014 0.857 0.000139 0.00324 0.294
1.0 7.0 30 3 50 35 0.026 590 1.841 0.00014 0.143 0.000139 0.01090 0.118
1.0 7.0 40 3 50 35 0.026 710 1.841 0.00014 0.143 0.000139 0.00613 0.142
1.0 7.0 55 3 50 35 0.026 877 1.841 0.00014 0.143 0.000139 0.00324 0.175
1.0 7.0 70 3 50 35 0.026 10.10 1.841 0.00014 0.143 0.000139 0.00200 0.202
1.0 7.0 80 3 50 35 0.026 1090 1.841 0.00014 0.143 0.000139 0.00153 0.218
1.0 7.0 55 1 50 35 0.026 560 1.841 0.00014 0.143 0.000046 0.00324 0.112
1.0 7.0 55 2 50 35 0.026 8.10 1.841 0.00014 0.143 0.000093 0.00324 0.162
1.0 7.0 55 3 50 35 0.026 877 1.841 0.00014 0.143 0.000139 0.00324 0.175
1.0 7.0 55 5 50 35 0.026 9.10 1.841 0.00014 0.143 0.000232 0.00324 0.182
1.0 7.0 55 10 50 35 0.026 920 1.841 0.00014 0.143 0.000465 0.00324 0.184
1.0 7.0 55 20 50 35 0.026 9.10 1.841 0.00014 0.143 0.000929 0.00324 0.182
1.0 40 55 3 50 35 0.026 580 1.392 0.00008 0.250 0.000323 0.00324 0.116
1.0 5.0 55 3 50 35 0.026 8.00 1556 0.00010 0.200 0.000231 0.00324 0.160
1.0 6.0 55 3 50 35 0.026 860 1.705 0.00012 0.167 0.000176 0.00324 0.172
1.0 7.0 55 3 50 35 0.026 877 1.841 0.00014 0.143 0.000139 0.00324 0.175
1.0 8.0 55 3 50 35 0.026 830 1.968 0.00016 0.125 0.000114 0.00324 0.166
1.0 9.0 55 3 50 35 0.026 6.80 2088 0.00018 0.111 0.000096 0.00324 0.136
1.0 10.0 55 3 50 35 0.026 970 2201 0.00020 0.100 0.000082 0.00324 0.194
1.0 7.0 55 3 50 35 0.026 877 1.841 0.00014 0.143 0.000139 0.00324 0.175
1.0 7.0 55 3 70 35 0.026 850 1.315 0.00010 0.143 0.000139 0.00324 0.121
1.0 7.0 55 3 90 35 0.026 860 1.023 0.00008 0.143 0.000139 0.00324 0.096
1.0 7.0 55 3 120 35 0.026 7.70 0.767 0.00006 0.143 0.000139 0.00324 0.064
1.0 7.0 55 3 150 35 0.026 6.80 0.614 0.00005 0.143 0.000139 0.00324 0.045
1.0 7.0 55 3 50 20 0.015 850 1.841 0.00014 0.143 0.000139 0.00324 0.170
1.0 7.0 55 3 50 25 0.019 860 1.841 0.00014 0.143 0.000139 0.00324 0.172
1.0 7.0 55 3 50 30 0.023 870 1.841 0.00014 0.143 0.000139 0.00324 0.174
1.0 7.0 55 3 50 35 0.026 877 1841 0.00014 0.143 0.000139 0.00324 0.175
1.0 7.0 55 3 50 40 0.030 880 1.841 0.00014 0.143 0.000139 0.00324 0.176
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Fig. 5: Comparison of the tidal excursion length computed by Fig. 6: Comparison of the tidal excursion length computed by

Eqg. 32 with the observations
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Eqg. 4 with the observations
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Table 2: Results of the derived formula and Eq. (4) for some alluvial estuaries

Estuary Date T H. Q h, c a v, E Eeq 3 Ee.9
© m (79 (m) (m*%9 (km) (m's) (km) (km) (km)
Mae Klong 1977/01/20 86400 2 120 5.2 63 102 1.37 11 20.5 40.8
1977/03/08 44400 15 60 5.2 63 102 1.03 10 11.9 15.7
1977/04/09 44400 2 36 5.2 63 102 1.37 14 124 21.0
Solo 1988/07/26 86400 0.8 50 9.2 63 226 041 9 15.0 12.3
1988/09/08 86400 0.4 7 9.2 63 226 0.21 5 94 6.1
Lalang 1989/10/20 86400 2.6 120 10.6 63 217 1.25 27 26.4 371
Limpopo 1979/10/18 44440 11 18 7.0 63 50 0.65 7 105 9.9
1980/01/30 44440 0.9 32 7.0 63 50 0.53 6 105 8.1
1980/04/04 44440 11 150 7.0 63 50 0.65 7 13.7 99
1982/12/31 44440 11 10 7.0 63 50 0.65 8 9.8 99
1983/04/22 44440 0.5 8 7.0 63 50 0.30 6 73 45
Chao Phya  1962/06/05 86400 22 63 7.2 51 109 1.28 22 17.3 38.1
1980/03/17 86400 15 43 7.2 51 109 0.88 18 145 26.0
1980/03/28 86400 1.7 31 7.2 51 109 0.99 20 145 29.5
1983/01/29 86400 24 90 7.2 51 109 1.40 26 185 416
1983/02/23 86400 16 100 7.2 51 109 0.93 19 16.5 27.7
1987/01/16 86400 25 180 7.2 51 109 1.46 15 20.9 43.3
Pungue 1980/09/26 44440 6.3 22 4.3 63 20 4.76 14 131 727
1982/05/26 44440 5 50 43 63 20 3.78 10 134 57.7
1982/08/06 44440 52 36 43 63 20 3.93 10 13.0 60.0
1982/09/22 44440 52 26 43 63 20 3.93 14 125 60.0
1982/10/29 44440 6 60 4.3 63 20 4.53 14 14.6 69.2
Thames 1949/04/07 44440 4.3 40 7.1 63 23 2.53 14 13.9 38.6
Deaware 1932/08/23 44440 1.7 120 6.6 63 41 1.04 8 8.8 15.8
1932/10/04 44440 17 72 6.6 63 41 1.04 8 8.3 15.8

agreement with the observed data (RM SRE of 42.4)
whilethe previous model (Eg. 4) are less successful
(RMSRE of 210.3) in estimation of thetidal excursion
length. Sincetheestuarieslisted in Table 2 include
the wide range of estuaries around the world, this
formula can be used successfully asarapid tool for
prediction of thetidal excursion lengthin thealluvia
estuarieswith well-mixed and partially-mixed salinity
structure.

CONCLUSION

In the present study, the tidal excursion
phenomenon under the effect of environmentally
changing parameters was studied in the alluvial
estuaries. First, the governing equations were scaled
to arrive at the effective dimensionless parameters.
Then alaterally averaged 2-D mode was used in the
Limpopo estuary as a case study. The model was
calibrated and verified using the availablefield data.
The verified model was then applied as a virtual
laboratory to provide a synthetic data set. Acceptable
correlations were obtained between effective
dimensionless parameters and the tidal excursion
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number in the entire data set. It was also found that
the tidal excursion number is very sensitive to
resonance number that includesthetidal period. The
relationship between thetidal excursion number and
the resultant dimensionless parameters showed that
thetidal excursion number can be well demonstrated
by a power function. Hence, a power-law relationship
wasderived to predict thetidal excursion length using
the simple measurable hydrologic and geometric
parameters of alluvial estuaries. Application of the
formulain several estuaries shows its robustnessin
prediction of the tidal excursion length. Unlike the
previousformulae, the developed formula utilizesthe
tidal rangeinstead of thetidal vel ocity amplitude. It
issuggested to use thisformulaas arapid assessment
tool in different environmental conditions in
unstratified alluvial estuaries.
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