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An estimate of the Gravitational Circulation in the Shahbazpur main Channel of the
Meghna Estuary and its Implications for fine Sediment Transport

Objectives

Ihe long-term hydraulic and morphological processes in theMeghna estuary can be stirred by
aravitational circulation due to salinity gradients in the pre- and post-monsoon period.

[he objectives of this technical note are to estimate the strength of the gravitational circulation for the
Shahbazpur main channel of the Meghna Estuary and its importance for the transport of fine sediment.
I'he gravitational circulation will be estimated using LRP measurements of salinity which were
collected during the pre-monsoon over the period 1983-1986. For the location of theMeghna estuary
and its main channel see Figure 1. For purposes of reference a horizontakoordinate x. measures along
the longitudinal axis of the main channel and positive in the scaward direction. is introduced: x = 0 al
Ramgati. The arca of interest is located betweenRamgati and Hatia-South /Nijhum dwip.

The depth along the thalweg of the main channel decreases from -14m at x =0 1o -8matx = 63 km. The
maximum tidal velocities in the main channel during pre- and post-monsoon arc about 1-2 n/s.
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Figure 1: Meghna Estuary and Shahbazpur Main Channel
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2. The longitudinal salinity distribution

Gravitational circulation in the estuary depends on the rate of freshwater inflow tfrom the river and the
degree of tidal mixing. In particular. the resulting longitudinal salinity gradient is an important
parameter: it causes thebaroclinic pressure gradient that forces thegravitional circulation,

I'he average monthly discharges of the major freshwater source of the GangesBrahmaputra and
Meghna rivers are presented in table 1. The average discharge values during monsoon vary between
10.000-90.000 m' /s. The average discharge values during pre-monsoon are between 7,000-12.000
n'/s. The salinity during pre-monsoon (December-April) is about 0-1,0ppt at Ramgati and 10.0-16.0
ppt near Nijumdwip (Figure 2).
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Figure 2. Steady state longitudinal salinity distributions.

In channels with a large freshwater discharge a steady salinity distributions in the main channel can
only he obtained using the steady-stateadvection-diftusion equation (Van deKreeke et al.. 1990):

as )
Q,_ﬁ' -AD— =10 (1)
ov

in which

(), is the river discharge assumed constant: s(x) is the tidally and crosssectionally averaged salinity:
\{\) is the tidally averaged cross-sectional area. a typical value (aRamgati) is A=40.000- 60.000 '
D(x) is the longitudinal dispersion coeflicient (includes eftect of tidal shear. trapping. pumping and
eravitational circulation). The solution toliq. (1) is

o,

it ~
stx) = sfd)e l)d* W

in which ~ - 1is the seasard boundary andudx) = Q, ZA(x) is the freshwater velocity (nel velocity due
o river discharec).



For I -+65 hm. A(x) = = and u/1) — 0 and contributions to the integral are negligible. heretore.
selection of the value of 1. provided 1t s larger than 65 k. is not eritical. Based T.RP salinity
measurements during pre-monsoon the salinity at x =65 km is taken equal to 12.0ppt for Q, = 9.000

i

I 5.

Using (2) and substituting D= 12,000 ni/s m as value of the longitudinal dispersion coeflicients. the
longitudinal salinity distribution lor Q, = 9.000 m'/s can be caleulated,

he results are also presented in figure 2. The Tongitudinal salinity distribution caleulated from (L.g.2)
1s close to the observed distribution.

Due 1o freshwater dischargessalinities gradually increase when going in a seaward direction.
Longitudinal salinity gradients are the largest at thdandward end near Hatia-north (x=30 km).

[he maximum value for the salinity gradient.ds/dx. 1s estimated:

Q, = 9.000 m’/s ds/dx = 1.0%10™ 10 4.0% 107 ppt/m

Estimated strength of the Gravitational Circulation using asimpliflied analytical expression

A simplilied analyvtical expression for the gravitational circulation and the longitudinal gradient ol the
vertically averaged salinity ds/dx. is deeribed in Van de Kreeke and Zimmerman (1990),

_efH ds
o= QY= ——— (3)
) A. dx

i which w 1s the strength of the gravitational cireulation: ¢ is gravity aceelerationfi - 0.78 # o ppt’
relates density and salinity through the equation of state: H is depth and, is the turbulent viscosity in
7 direction. For partially mixed estuaries the value oA, ranges between 10-100.10" m™/s (Officer
1976, Bowden and Gilligan. 1971 van de Kreeke and Robaczewska 1989).

GCrravitational circulation is expected to be maximum at theHatia north. e, at x 30 km.

For Q, = 9.000 m's withds/dx = 1O*10™ 10 4.0%10™ ppt/m. H = 10 m and taking A, 10-20 cnr s. it
follows Trom L. (3) .= 1= 4 cm/s. A somewhat lower value ol A, is selected because ol inereased
stratification.

Gravitational Circulation and Fine Sediment Transport

A crude estimate of the eflect of the gravitational circulation on the transport of fine sediment can he
made by assuming that all transport takes place in the lower layers and the velocity in the lower layers

can be approximated by:

0= g1, b Sl (-H

Fhe first term on the righthand side represents a steady landward curvent. the second term represents the
tdal velocity . Bothug, and the tdal amplitade uoare assumed o be independent ot space and time.
Sediment particles arcadvected swith the water swhen the current s elocity exceeds the eritical crosion
velocity . When the current speed decreases below the eritical sedimentation velocily. psuspended
particles immediatey seude toothe bottom (- zero settding law)



['he net particle displacement follows from:

ty

:'[1 el + I: 1l (

t I't

A
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For definition of' 1) - 4. see figure 3.

Laking w= 1 m/s. u.= 0.3 m/s. w=0.2 m/s and o= 21/45,000 rad/s. the resulting net displacement for
value ot u, between 0 and 0.1 m/s is indicated in igure 4

I'he net displacement of a sediment particle is substantial and reaches a value close to 1000 m per tidal
cycle for even a relatively small value of the eravitational circulation.u,. near the bottom of 2 em/s.
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Conclusions

Based on salinity observations and an analytical model. the strength of the gravitational circulation in
the main channel of the Meghna Estuary between 15 km and 30 km is estimated at 0 - 4 em/s during
pre- and postmonsoon. the exact value depending on freshwater discharge and location. Using crude
models it is estimated that even a relatively small residual current of a fevems per period in
combination with a tidal current of order one meter per second can lead to sediment particle
displacements ol few hundreds of meters per tidal eycle.

Furthermore it can be concluded that during monsoon period the strength of the gravitational
circulation is negligible in the main channel.

Salinity measurements (LRP) indicate that the salinity gradient in the area near thd'entulia river as
well as in the Hatia channel is steeper. For these arcas the strength of the gravitational circulation might
be more than 0 - 4 civ’s,

Recommendations

To obtain improved estimates of the strength of the gravitational circulation. it is recommended that
monthly measurements of salinity in theMeghna Lstuary study area should be carried out.

With respect to hydraulic and sediment transport models it is recommended that the effect of
gravitational circulation on the hydraulic and sediment transport processes should be evaluated for pre-
and post-monsoon conditions.
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