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Computed values of flux showed that seaward Eulerian residual flow of water was the major factor influencing the
saltand water budget in the Azikode estuary. Depth integrated residual flow was seaward at all depths. Upstream trans-
port of salt was mainly due to diffusion. Salt transport due to vertical current shear increased in the upstream direction.
The magnitude of Stokes drift was greater near the barmouth where tidal action was high. At section 1, near the bar-
mouth, the effective eddy diffusivity K, increased from surface 1o mid-depth and then decreased. However at section 2.
K, showed two maxima at non-dimensional depths =03 and 1= .8. Due to increasing stratification and less tidal ac-
tion values of effective eddy diffusivity were less in section 2.

Azikode estuary is formed by the major arm of the
Periyar river opening out at the Azikode barmouth.
Now this is being developed as a fishing harbour.
The sedimentation in the esturine region as well as
at the barmouth is a major hindrance to the safe traf-
fic of the fishing boats. The circulation in the estu-
rine region is very complex due to the presence of
small islands. An attempt has been made in this
study to compute fluxes of salt and water due to Eu-
lerian residual flow of water, Stokes drift and verti-
cal shear in order to assess their relative importance
in the transport processes in the estuary.

Materials and Methods

The study area (Fig. 1) with an average depth of 4
m comprised 2 sections, one near the barmouth
[section 1) with 2 stations (A and B) and the other
(section 2) with 3 stations (C, D and E) at a distance
of 5 km upstream. Synoptic field observations of
current and salinity were made at the 2 cross sec-
tions. Since the tides in this region being semidiurnal
the observations were extended to over 13 h to
cover one complete tidal cycle. Hourly observations
of salinity and currents were taken for each station
from surface 1o bottom at 1 m depth interval. Cur-
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using indigenous rotor current meter (accuracy for
velocity 1 emusec ™! and direction + 2.68°; designed

by NIO, Goa, India). For salinity measurements, in-
digenously developed STD meter laccuracy of
0.01 x 10 %) was used. Tide measurcements were
Made using simple tde staff.

The data collected were interpolated for non-di-
Mensional depths =0, 0.1, 0.2, . (1.9 using cubic
Spline interpolation technique’. Velocity and «alinity

values for every m value were plotted against time
and the smoothed values were used for further com-
putations. Seaward flow was taken as positive. Depth
and tide averages were computed using the method
given in Kjerfve”.
Symbols and formulae used for computations are
given below?.
Setting X as depth average,
(X as tidal average and
(X as depth average of tide average.
Where X is any variable such as observed salinity S,
velocity V, depth H and Q =HYV the instantaneous
rate of transport of water through a unit width of
water column of depth H.
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Fig 1—Studv area with location of staniens
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Eulerian residual flow of water V, = (V)
Stokes drift V, =(HV)/(H)

Salt transport due to residual fluxes of water
V,, ={QXS)/(H)

Salt transport due to tidal pumping V, , =(Q S)/(H)
Salt transport due to vertical shear in the tidal and
residual current V_,=(HV'S)/(H)

Vis Vo, Vo Vi, V are resultant of axial and trans-
VErse COMpONEnts U, Uy, U, Uy, Uz and vy, vo, v,
Vo, V, 5 Tespectively such that u] +v{ = V7. Effective
eddy diffusivity is calculated using the formula
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with time through successive tidal cycles. Since we
had data for only one complete tidal cycle steady

equation for K, reduces to
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Results and Discussion _ .
Section 1—Figs 2a and b show H and S against
time at sts A and B respectively. There was no time
lag between salinity and tide. In Figs 2¢ and d (V)
and (S) at sts A and B were plotted against 7). At st
A, (V) increased from surface to 1= 0.4 and thereaf-
ter decreased. Tide averaged current throughout the
depth was seaward. Surface to bottom difference of
tide averaged salinity (S) was 0.48 X 10~ 7. For st B,
(V) decreased from surface to bottom monotonical-
ly. Surface to bottom difference of tide averaged sal-
inity (S) was 0.27 x 1077, From the vertical salinity
structure of both stations it followed that estuary
was well mixed during the period of observations.
Table 1 gives the transverse and axial components
of residual fluxes at sts A and B in section 1 together
with their mean values. Mean value was assumed as
representative of the section. In this section, residual
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shear in the tidal and residual current was negligible
compared to Stokes drift.

Effective eddy diffusivity at section 1 was calcu-
lated by taking the average of the values of (S) and
(V) of sts A and B corresponding to each non-di-
mensional depth and using the averaged value of (H)

for the 2 stations. Fig. 3a shows K, values against 7. -

K, attains maximum value 16.40 cm?sec™! atn = 0.4
and decreased towards either side. This obeyed the
classical pattern that K, tends to increase towards
mid depth for near homogeneous condition where
eddies are larger due to their less limitation by
boundaries*S,

Section 2—A minor arm of the Chalakkudy river
contributes fresh water to the Azikode estuary at a
distance of 1 km seaward of this section. Influence
of this river was very much reflected on the salinity
variation with tide (Figs 4b, d and f). Unlike in sec-
tion 1, an inverse relation between salinity and tide
was observed—at high tide low salinity and at low
tide high salinity. This was due to the im-
pounding of the fresh water discharged by the Chal-
akkudy river by the flood tide and during low tide
high surface velocity exposed the bottom water
which was highly saline due to salt intrusion.

Figs 4a, cand e show (V) and (S) variations with 1.
At st C, tide averaged velocity was seaward at all
depths, maximum value being at the surface. (S) in-
creased from surface to bottom. For st D, (V) was
seaward from 1= 0 to n = 0.54 and landward there-
after. (S) shows the same pattern that of st C. For st
E, (V) was seaward from surface to n=10.7 and land-
ward thereafter. Average of the tidal mean salinity
(S) difference between the surface and bottom of all
the stations in this section was 8 X 1073, which
showed that estuary was highly stratified in this re-
gion. v

Table 1 also gives the transverse and axial compo-
nents of residual fluxes for sts C, D and E and their
mean values. In this section salt flux due to the verti-

cal current shear was the second important factor
next to salt transport due to residual flow of water.
This also showed that the water column was highly
stratified in this part of the estuary.

Fig. 3b shows the values of effective eddy diffusiv-
ity against non-dimensional depth 1 of section 2. K,
values were low in section 2 compared to section 1.
This was due to the lesser tidal action and increasing
stratification. Maximum value of K, was at n=0.2
and a second maximum was observed at = 0.8. Si-
milar pattern, observed in James estuary®, was attri-
buted to the strong vertical mixing above and below
the halocline and a region of relatively high stabil-
ity in the vicinity of the halocline. However, in the
present study the high values at n=0.3 can be attri-
buted only to the shear produced due to the steep
velocity gradient from surface to mid-depth and the
second maximum due to the near homogeneous
condition below 1 =0.8.

In Azikode estuary, salt and water budget is con-
trolled by different flow factors in the estuary. In
section 1, seaward residual flow of water and Stokes
drift were the major components which determines
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Fig. 3—K, values against 7} at section 1, {a}, and at section 2, {b)

Table 1—Axial (u) and Transverse (v) Components of Residual Fluxes of Water and Salt at Stations in Sections 1 and

2 and Their Mean Values
u} CE ul, u s vi vi Vi iz vis
‘ ; Section 1 .
St A 19.06 —-6.07 422.0 —-31.07 -0.20 2.40 -0.82 51.90 - -3.87 -0.02
StB 22.45 -0.07 679.5 -11.34 -1.19 16.31 —-0.05 494.20 -820. —-0.86
Mean 21.02 . -3.07 550.8 -21.20 —0.69 9.35 ~0.44 273.10 -6.00 -0.44
. Section 2
StC 2.29 -0.05 68.60 2.26 —-2.20 1.32 —0.03 3960 » 130 . —-1.27
stD 2.05 —-0.09 5941 . 248 -11.33 1.28 —-0.06 37.12 208  -7.08.
StE 3.72 -0.10 106,33 0.89 -7.38 227 -0.06 65.35 - “0.54 —-4.53
Mef:m 2.68 —-0.08 78.11 1.87 -6.97 -0.05 47.35

Units: *<(cmsec™'); f—(10 3g.cm ~Zsec™')

1.62 1.30- —4.:29 -
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Fig. 4—f and Svariation with time (a, c and ¢),and (v} and (s) against  {b, d and f) at st C, D and E respectively

the salt and water budget whereas in section 2,
Stokes drift played only a minor role in the budget.
Salt transport due to vertical shear was found to be
increasing in section 2, where estuary was highly
stratified.
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