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ABSTRACT Tide dominsed Ambo river estunry wos
audied 1o evaluate it"s physical characteristics with a point
on application e lscate a suitnble release poing of indusn-
al effluents, It is important (o sibe the outfall in a manner
ermuring that the water in the estuary 15 protacied irom con-
tnmination and will meel the required quality slandards
which mecessitated the study of tides, currents, probable
wsewiber low paths, dispersion potential. Mushing time
und olsa ihe propagation chamcieristics of the wasieswaler
when relensed, Resules are presented Tor crucial informea-
tiom on these aspects, Accordingly il is sugpeded o releasse
ther treated wastewnber im the Jower eduary & o convenient
site downstream of [Xharamear from where a significant
potien of the effluents s Aushed out under all tdal condi-
lions

INTRODUCTION

Aomha river rises in the western ghats, fol-
lovws o meandering course of over 140 km and
finally meets the Arabian sea at Bombay Har-
hour (Fig. 1), A large petrochemical complex
being established at Nagothana on the right
bank of the river at about 45 km south of Bom-
hay, planned 1o release the reated wastewaler
estimated abowt 750 m*hr into the estuary.
Detailed surveys were carricd out in the estua-
rine region for evaluating it’s environmental
statusi Anonymous, 19871, Results of some in-
vesligations with a thrust to select a suitahle site
for releasing the wastewater are reported in this
pi.'l]'H.'T.

INVESTIGATION PROCEDURE

Physical cceanographic investigations are
incvitable for a wastewater disposal installation,
as the obwious function of this 15 to conve: the
waste, treat it to s suitable level before final
disposal so that iC's effect on the receiving wa-

ters will be minimum even at the point of ini-
tial mixing|Fischer, 1979).

For the present purpose, detailed studies
were undertaken with respect to tides, currents,
circulation and dispersion. The field investiga-
tions were planned in such a way as to get an
overall picture of the extreme hydrographic
conditions prevailing during different seasons.
Stations were fixed in the lower, mid and inner
estuarine rone for effective sampling and mon-
iloring.

RESULTS AND DISCUSSION

Tides

Tides were measured simultaneously for 15
days using graduated staffs whose levels were
corrected to the local datum mark. The tides
experienced in the region were mixed semi-di-
urnal type with two unequal high and low wa-
ters occurring each day. The spring tidal range
of 5.08 m at Bewas decreased to 3.35 m at Nag-
othana. The neap tidal range however increased
from 1.04 m at Rewas to 1059 m at Nagothana.
Aboul 30 ¢m increase in the tidal range at
Dharamtar during spring tide as compared to
that at Bewas was perhaps due to the piling up
of waler due 10 an abrupt narrowing of the es-
tuary channel upstream of Dharamiar. The high
tide at Rewas preceded Apollo Bunder by 2 1o
3 min while the high tide at Magothana lagged
by 65 1o 70 minutes.

Currenis

Field observations on currents made using
rotor induction current meter (make: N.I1.0,
Goa, Accuracy for velocity £ | cmfsec: direc-
tiom £ 2.68%). The currents were purely tide


user
Text Box
DOI: 10.31901/24566608.1997/08.03.05

user
Text Box
PRINT: ISSN 0970-9274 ONLINE: 2456-6608


176 K. DINESH KUMAR, V. JOSANTO, BV, SARMA AND M. ZINGDE

BORE bR g
=

Fig. 1. Amba estuary

induced and reversing with the tide during the
dry =eason. The nature of the current profile did
nol vary appreciably, The speeds decreased
gradually in the upstiream direction. Thus the
maximum current speed of 111 cmfsec al Re-
was decreased to 38 emifsec at Nagothana. Dur-
ing monsoon, the flood cerrent velocities and
periods were reduced considerably while the
ebb velocities and periods increased substan-
tially. Continuous ebb was noticed in the up-
stream region as the Nood tidal flow was sup-
pressed by the river discharge. Thus for in-
stance, at Dharamiar, the maximom Tood cur-
rentl velocity was 42 cmfsec whereas the ebb
velocity was 103 cmfsee. Towards the end of
monsoon, as the freshwater discharge reduced,
the Nood currents once again became dominant.

Excursion

Tidal excursion was estimated by tracking
biplane drogues over complete tidal cycles for
dilferent segments of the estuary, and this pro-
vided an insight for charting the currents irans-
porting the effluent away from the point of dis-
charge under different tidal conditions. The

tracking was generally possible only during day
time mainly due to navigational difficultiss,
However, in certain deeper regions drogues
with indicator lights were used. In certain cas-
es, hypothetical trajectories were drawn using
the current meter data.

The tidal excursion during neap tide (dry
season) increased from 2.5 km at Nagothana to
7 km at Mankule, During spring (dry season)
this increase was from 4 km at Nagothana to 10
km ar Mankule. It was assessed from the tidal
excursion that (i) any material released up-
stream of Dharamtar (inner estuary ) wiould be
transported upto a maximum distance of 10 km
in the inner estuary during spring flood tide
which would not be flushed out during the fiol-
lowing ebb, (i1) net transport of material o the
Bombay harbour would be much better il the
release was downstream ol Dharamtar (lower
estuaryl, and (iv) the riverine flow during mon-
soon considerably suppressed the upstream
transport and build-up of pollutants during this
period was unlikely cven if the wastewaler was
released in the imner estuary.

Flushing Time

Flushing time was calcul ated using the mod-
ified tidal prism method in which, the estuary
was subdivided into several segments, the
lemgth af which is determined by the excursion
of the water particles during the tide. From the
fraction remaining after one tidal cycle, the load
retained in the estuary after infinite number of
tidal cycles under a continwous flow of pollut-
ants is also estimated. The results of calcula-
tions of the lushing time are given in table 1.
It was guite evident that the cumulative flush-
ing time of the estwary was around & 1o 7 tidal
cyeles during spring tide for both freshwater
Mo conditions revealing the dominance of tid-
al influence over the river discharge during
springs. However during neaps when the sea
waler incursion greatly reduced, the cumulative
Mushing time which was 23 tidal cycles when
the riverine Mow was 4.3 x 10" miudal cyele

increased considerably 1o 45 tdal cycles when
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Tahle 1: Flushing time of Amba river estuary {madi-
fied the prism meihod) after Dinesh Kumar
el al. (1991)

Extiwwry  Loww oy Tided prissn Evchamge  Flushing
segment  volware X f e’ Fifies fime
fkmp X Fiime') fude eveles)

Fivervine freshwmier fow per idal cvele 4.7 8 [P

(257 B4 4.3 0,54 .0
1571318 128 4.1 2242 i1
A1R-A5 8 16.9 132 0159 .3
15 H-3E 0 el 56 0218 4.0
I89-d42. 8 257 1.2 0,220 4.5
Kiverrine freshwarer low per tidal cycle 4.3 & 108m™
0159 1.2 4.3 0.782 1.3
155277 5.6 12.7 0,694 1.4
7. 7.37.2 182 i54 0,660 1.5
172442 517 767 0.55% 1.7
Rrvereine freshwarer flow per tidal cpcle 4.3 5 1Pm'*
0-8.9 .53 4l (448 22
R0 (196 a7 411 24
136-18.00 |.f 098 1. 3R0 2h
15.0-21.8 1 1.1 0.297 i
28-263 17 I.d (.274 16
6,3-29.5 5.1 LG 0239 42
I9.5.337 6.7 21 0239 4.3
137338 54 15 2 4.1
LTI 11.4 kv L] 4.6
¥7.2-394 14.6 4.1 029 4.6
W04 A 18.7 52 .27 4.5
d1. 3440 1.9 6.7 (e L 4.
Riversing freshwater flow per ndal cycle 4.3 5 Iifm'
(149 12 043 07821 1.3
459111 {55 2.3 0.507 1.2
13.1-22.0 28 T4 0.704 1.4
220-34.3 9.8 2014 0674 1.5
43418 113 572 0.654 1.5

= Neap, + = Spring

the flow decreased to 0.43 x 10° m*ftidal cycle.
This meant that if the wastewater was released
al Nagothana, 45 tidal eyeles would be required
1o gel it Mushed out of the estuary under neap
tidal conditions when the river discharge was
.43 x 10° miidal eycle (worst scenario). The
load retained in the estuary after an infinite
number of tidal cycles would be 33 times the
load introduced  per tidal eycles during neaps
at river discharge of 0.43 x 10¢ m¥tidal cyele.
This would be greatly reduced during springs lo
2 times. The actual load in the estuary at any
given lime would be sumewhere between these
eXIremes,
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Wasrewarer Release Locarion

Considering the tidal characteristics, mor-
phometry, transport, dispersion, flushing time
ete., it would be advantageous o release the
treated wastewaler in Lhe lower estuary at a site
downstream of Dharamtar,

IT the wastewater was released in Dharamitar-
Mankule segment, then it would require about
31 tidal cyeles for getting completely Mushed
out while the same will be achieved within 3
tidal eycles during spring (Table 1). Hence,
when the wastewater was released in this re-
gion, there would be a wendency for the efflu-
ent build-up as the neap approached. This ac-
cumulated effluent would be largely Mushed
outside the mouth of the estuary during springs.
Since the load retained was 24 for this segment
{worst scenario), the effluent released in the
estuary under neap conditions after an infinite
number of tidal cycles would be around 2.1 x
10* " which would be evenly distributed in the
estuary. This wastewater would constitule less
than 0.3% of the low tide volume of the csiu-
ary.

Rapid and widespread dispersion is a prin-
cipal ohjective particularly for liquid waste dis-
posal. This can be achieved by ensuring max-
imum initial dilution through an appropriate
means of disposal. Generally, a diffuser ade-
quately designed to suit the local requirements
is preferred. However, release of wastewater ai
the above site through a sophisticated diffuser
would not offer a high advantage because the
region was shallow and the water column avail-
able above the diffuser was barely 3 m at an
average tide, Moreover, the navigational chan-
nel being close 1o the southern shore of the es-
tuary. sufficient area was nod availuble for in-
stalling the diffuser. The wastewater could
therefore be released through a subsurface out-
fall into the active zone of the cstuary,

Propagation of Wastewater when Released

Jets and Plumes : For a plume discharging
vertically in a medium of homogeneous densi-



178 PE. DINESH KUMAR, V. JOSANTO, BV, SARMA AND M.D. ZINGDE

ty, plume path and mean dilution can be
calculated{Quetin and De Rouville, 1986). The
caleulations performed for average tide when 3
i water would be available above the release
point { Dharamtar-Mankule segment) revealed
ithai the wastewater would surface close o the
release point and the plume would havea diam-
eder of around 3 m o 3.5 moas it surfaced. The
dilution attained as the plume surfaced would
be of the order of 5-7 times. Once the wasiewa-
ter reached the surface, advection by the pre-
vailing currents would be the major mechanism
lor the dispersal.

Thickness of the Affected Layer: Tt should be
established whether the surface currents would
b capahle of transporting away the polluted
waler brought to the surface by the subsurface
outlall. The approximate thickness of the re-
ceiving water layer which will be affected by
the effluent was calculated{Quetin and De
Rouville, 1986). The treated wastewater meet-
ing specifications when released between
Dharamtar-Mankule segment would attain ini-
tial dilution by 5-7 times as it surfaces through

a subsurface outfall. The thickness of the con-
taminated layer was estimated at (0.6 m prior to
transport by advection. Since this thickness was
less than the available water depth (3 m), the
probability of recirculation of the pollutants
released through the wastewater was negligi-
ble.
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