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PREPACSE

T™ais hesis yresmts the results of the
studies earried out em the phyeical aspects of the
md bmks along the Kerals coast with special
reference to the mad bank st Puraiad, The mud banks
of e Kersla cosst not only influence he soclo
economio life of the fishermen commnity of Kexsla,
by wvay of providing them sals fishing grounds during
the monsoon seasan) vhen the sea is othervise rough
and insccessible ¢ their frail orafts, but alse
deside the stavilily of Terala's beaches, In the
present work an atienpt has boen made to obtain a
cemplete pleture of the various thysiocsl processes
at vork in the sl bank formmtions,

In the fiset Chapter the mud bank formations
at varions losalities along the Kerala ooast have been
discussed, A dlsmppion on the gmeral gemorphology
of the Kerala ocoast and of the inshore sea bottom, a
btrief survey of the mevicus wvorks md the seops of
the presnt vork are also presented in the same
Chapter, Ohapter I! deals with the hydrography of the
Pareksd md baxike region, The distribation and seasonal
varfation of suspenied matter in the Parakad mud bank



during 1972.73 ere presented in Chapter IIX, Chapter IV
descridbes ladoratory experiments eonducted to determine
the effect of salimity on the floeculation and settlement
of puspended mud in the mid bank regions and discusses
the influenee Of salinity on the stability and longevity
of the mud benks. Chapter ¥V deals with the charasteris-
ties of the sea bottom and the rhysiocal properties of the
botton mud of the mud bank region, The calmness of the
mid banks and the wave refraoction and alonpshore currents
in the region of the mud barnk aré discussed in Chapter VI,
The sumrary and final concluaions are presented in
Chapter VII,
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CHAPTER X

INTRODUCTION

1. Zhe oud horka of the EKerala gosat

™e patches of calm, turdid water with high
load of sispended sediment, appearing close to the shore
elong the Xerala eoast during the scuthwest aonsoon
season, are known a8 rod davks, The mud dank formations
not only influence the socio.ceonomie life of the fishar.
men commnity of Xerals, by way of providing them calm
fishing grounds Quring tho monsoon soason, wvhen the
son 13 othorvise rough and insosessitle for their frail
orafts, but also influence the shoreline changes along
the coast, Aeting as dampers tO wvaves, the mud datks
protect portions of the beach from erosion and elso
belp in trapping sediments from either side fuolldtet.
ing the prowth of the adjoining beagh.

The foymation of the mud barks at definite
loealities alomg the Kerala coast betwon Quilon and
Camanore, a diatancs of sdout 270 km; £» an anmual
phenomenon, They appear, in general, during the south-
vest uonsoon sesaotn, 1,6,y Quring the period June ¢o
Septesber,
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The md bank &s porularly known as the *Chaksra’,
1iterally memning dsad or quiet land, It is also ocalled
‘Ketta Vollmm' in Maluyalsm messning dirty or mnddy waters.
Mol benks have alee been refarred to as ‘mad Days' o
‘aud flate', Navigators have often qualified the mad banks
a2 *oaln vater anchoreges’,

The tern ‘mud benk® will be used in the present
thesis, The word 'bank' has ites seoondary sense in this
context, as "a shallov arvea oomsisting of shifting forme
of silt, sand, md, gravel, eto . to be used wvith & @ali-
fying word such as 'sand benk', *gravel bank’, sto,*
(Baker, gt al, 19665 Allen, 1972),

20 Eaxly Jiteratare
m-mxionmmaﬂumwa
the mad banks en the Kevala coast, dates as far back a8
1678, in m extrwet from Alexmnder Hamilton's accoust of
the Bast Indtes whidh is sentained in Pinkerton's
*Collections of Voyages and Travels”, given in the
Travenocors Mainistration Report of 1860, "The md day"
Hamilton wreote, "i2 & place that, I delieve, few omn
parsllel in the werid, nunmm‘mmo:m.w.
about b & 1eagae out in the wea, and is open %o the vide

* 8%, ndrea is situated sbout 6 miles soath of Alleppey



ogean and has neither 4sland nor dark ¢0 break off the
force of the billows, which come rolling with great
viclenos on 211 other parts of the coast, in the south.
vost momsocns, tut on this dank, lose themselves in s
noment, s ships Yis on it, as secure as in the dest
harbour, without motion or disturbance®,

"The History of Kerala" (Padmanabha Menon, 192h)
contains oxtracts of some carly records on the mud banks
by the Duteh Admiral Stavorimus (1777) and Captain Heder
Pruxy ("Hotes on an Excursion along the Travansore
Baokwater®, 1848), Captain Drury deseribed the mud bark
in these tormss "Undoubtedly the greatest advantage of
Allsppey as an emporium ariges from the singulsr matural
baskwater fomed in the open rosdstead, and vhigh consists
of a long and vide bark of mud, the effest of whish i3 so
ecupletely to bresk the foree of vaves, that large veasels
in the stomiest weather can securely anchor in the open
rouds, vhere the wvater 18 a8 ccln as a mi11 powd®,

Early records show dsseriptions of the Alleppey
and Narakksl mod banks by the following persous anong
otheres Captain Cope ("A New History of the East Indies”,
177%) s Malthy (1860), Crawrora (1860), Joim Castor (1861),
Jo Ta Tranxiin (1961), Francis Day (1864), 7, Hitoheld
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(1684), ¥W. King (1881), John Rhode (1886), Puilip Lake
(1850), 7, E, Winekls (1%92) and G, H, Davey (1928, 1937),
The two volumes of "History of Mud Banks® published by

Ry Co Bristow fn 1938 contain relevant portiond from all
these resords, The articles are mostly qualitative
desoriptions of the mud barks and ars only of historieal
interest now, They, nevertheless, drought forvard some
Rypothesis about the formation of the mud banks whieh
might have been helpfil for future investigations, Those
volunes compiled by Bristov consoltdated all the awnilable
informations on the md bavks upto 1938 and threw some
it an the origin, novonent and dissipation of the md
‘banks, Bristov algo inttiated the “irst solentifie inve-
stigation on the problen of the mud bank formation, The
resilts of these investigations ere given in the report
by Du Cano, at al (1938).

3¢ Rmsant Studiss
Recont studies on the mud banks include the

hydrographio investigntions conducted Dy George (1953)
and Seshappa and Jayaramen (1956) in the region of the
mad bank at Calteut, the hydrographic studies of tiw
acastal waters off the Maladar coast Ly Ramasastry and
Wyriand (1999), the studies on the Narakkal mud bank by
Demodaran and Hridayanathen (1968) and the studies on
the texture of the bottom sediments of the Naralkel mud
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bank by Dora, at al (1968). Beshappa (19538 1953b) has
‘gtudied somw of the chemical and biojoglieal aspects of
the dottom mud of the wud barks, A oritical reviev of
the sxtasting knowledge on the plysical aspects of the
mid danks was made Ly the suthor (Xurup, 1969) and sinee
than, Varma and Xarup (1960) have made some studies on
the formation of the mad bavks, Beddy and Varadachari
(1972) have studied the wave refrsction in relatiom to
sediment movement along the Kerala coast and Xurup (1972)
has mads some observations om the novenent of the md
banks. Damodaran (1973) made a detailed study of the
benthos of the mud darks,

%, logotiona of mmd hanka
The mud barks have been reported to have

appeared at different places along the west coast of
Eorala Detwesn Cammsnore and Quilon, There are about
twenty places where, secording to aveilabls reconrds, mod
banks have appeared some tinmg or the other in the past.
Of these the most famous and wellemarked sre the md bawk
north of Coghin (the Narakkal mad bank) and the one south
of Alleppey (the Purakad mud dank), These two mud benks
have appeared almost every year, Reports are available
regarding the formation of mud banks at the following
places, simee 1035, during the years noted against them:



Cannanore

Mahe

Pantalayant (Xollaw)
Calicut

Beypore
Veliyangod
Chetwal
Rattika

Vadanappally

Suo:i: pf river mouth)
Cranganore

(south of rivey mouth)

Narakkal

n
((:::uth of estuarine mouth)

Shertalliat
Aleppey

Ambalapuzhe
Purakad

oy

se

“re

e

L2 2

L 2 2]

LA

ey

L X 4

Sse

L2 44

oo

"

S8

e s

e

(T 2

L2 4

L L]

1949, 50

1949, 50, 51, 61

1938, 49, S0, 61

1937, 50, 51, 61, &R,
66, 67, 68

1937

1938, 67

1949, 50

1968, 69, 2

19514 61

1949, 61, 62

1835, 65

1938, L9, 50

1939, 61, 62, 65, 66,
67, 68, 6, 7,
7y 724 73

1966, 71, 72

1938, b9, 61

1885, 90,

1938, W

1961, 65, 66, 67, 68

1949, 66, 69, 70, 71,
2, N

1998,

1902, 61

1%



7

e locations of these mud banks Mring 1839
@ﬂhmmnng. te

5 Elamioeranhy of the mud barka
The md barks are found closs to the shore and

extend nore Or less in a semi.cireulsar shape towarda the
ses, The seaward extent of the bank is usually the &
1ine, at a digtance of ghout 5 kn from the shore, Dw
alongshore streteh varies fyom about 3 kn to € kn, Fyom
the shore, the mud bark can easily de distinguished by
the abssnee of vaves while hexvy rollars break upon the
shore nerth and south of the dark, Separating the calm
region of the md bark from the wavy surfage of the monsoom
ses, 18 s transition some where modernte swells can be
observed, Dusodaran and Eridayenathen (1966) reported
the formation of two mud banks side lty side at Purekad
during June, 1966 vhioch merged into ome by mgust,
Shepard (1973) is of the opinion that the fomation of
mad banks 18 a unique phentmencn on the Nsrala coest,

Calmmens and high turbtddity are the apparemt
features of the med barks, ile W, King in 1881
(Bristov, 1938) attrituted the dunping of waves in the
md batk vegion to the presemgs of odl in the mud, Keen
and Puspel (Du Cavey gt al, 1938) astrituted the ealming
effest to the mud itsslf, The gomerally asespted view
1s thet the mad, vhew in suspension, imresses the
ratio of the viscosity of the modium to its deneity mmd



causes viscous damping of waves. As sarly as 1860,
Letutensnt Taylor of the Royal Navy explained the
salmness of the md bank as due t0 "the soft mud at
the bottom whish when stirred up by the heswvr swell
£rom seavard, 8o deadons the activity of waves as to
render the shoreline fyee from surf® (Records of the
Osclogieal Soeiety, Yol. XVII, p, 21). During the
monsoon nonths, vhin the vind force reaches 7 Begufort
or nore, the mud bank regiond remaing very calm, T™we
process of damping of vaves in the mud bank regiom will
be discussed in greater detail in Chapter VI,

6, Ihe atest and the ssa hed

The edge of the comtinental shelf ou the westem
coagt of India is remarkably straight and is believed to
bave originated as a Tesult of faulting during lats
Pliceens (Xrishman, 1968), The coastline detween Quilon
and Carmanore is low and sandy, with some soall rooky
outorops (Admiralty, 1961), The wvhols surfauce of tddis
goastal delt is undulating and traversed from east ¥»
vest by meny rivers vhich near the coast, flow imto
mmerous lagoons and baskwaters, Artifieial camals, in
places, eonneet these Daskvaters and lagooms and form an
inland liune of water transport extending for adbout 130 kn
betweent Alleppey and Pomani, This great backwater system
is a striking feature of this part of the Kernla coast,
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The width of this estusrine systen, whizh rums parallel
to the goust fOr adout 130 kn wardies from gbout 15 knm

to a fov Inmdved metrves, Eight rivers » Kallads,
Asheneoil, Pampa, Manimela, Meenachil, Muwattupusha,
Periyar and Chglakudy rivers - rising from the Westem
Ghats floy into the backwater systems and thw discharge
inoresses cowsideredly during the southwest momsoon
season, The backwaters are separated from the sea Dy s
narrow strip of land and open cut into the sea at certain
localitiss (Fig, 2),

The nearshors sea bottom of this region hes
sand upto several fuet vhereafter tha sudstratum is
eompoged of sand mixed with mud, These slluvial deposits
continue till rogk is reached at varying depths ranging
botween 40O and 600 m (Du Cano, gt aly 1938).

On the landward side of the coast, there is
e serles of laterite rogks becksd by alluvial deposite
(xing, 18825 Nemom, 197%), laterite is a claylike,
801ty acoloured rosk and it containg alumine, iron,
menganess and titamium, laterites are the extvess end
products of the weathering cycle of ignecus and netanmorphie
rooks and are formed under oxidiging conditioms in areas
of lov or nuderats topographis relief it with a minbmm
of erosion, The olimate should be persistently varm or
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Subatropieal vith tenperatures above 25°C and rainfell
oxeeeding evaporation (Hatoh and Rastall, 1913), They
are videly distribtuted throughout the mwdd tyordes and
gubtropins, Well«knounm exanples ccour in Braszil, Janalea,
India and West Africa (Persons, 1070), On degeneration by
vater, laterite gives out a very soft mud in large
quantities (Du Cane, gt al, 1938),

Off the scuthern tip of India, the eontinemtal
ghelf 13 about 100 km wide and narrovs to about 50 km at
1%, Lat, The deposits of the shelf aye alluvial., Betveen
Telliaherry and Quilon, the sendy intertidal regiom is
folloved by muddy subetratum just Delow ths tidal belt,
The md 4itself is peculiar and not found elsevhere along
the coast exoept 4n this delt, It 13 a very soft mud,
derived from the laterites and drought down by the rivers
ond streams, It &» this mud whigh,vhens churned up by the
swells during the momsoun,comes into a soupy suspension
in the mud barks (Biravendani and Gole, 1959), The
formation of the mud danks 13 discussed 4in detald
elsovhere in tds Chapter. Du Cane, gt al (1938) states
that upto 7 fu, the mud of the sea bed and that of the
mid Darikks have gomaom nature ond origin, Ascording So
Coggin Brown (Du Caney gt al, 1938), the chemteal acupo-
sitions of the wud &f the =ud bark and of the laterite
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rocks are aleo similar, The proportions of 81 0 AlgaOys
Fo,03 in the laterits and the md of the mid bazks are as
given delow:

Iaterits 3,28 1 1,00 1 O

Mad 3,91 ¢ 1,00 & 0,05

The bottom contours in this reglion show o wavy
pattemn at shellow depths and ‘urther offshore thay are
more oF less paraliel, Ths depth sontours show a shallow.
ing in the region of the mud darks whish may probedly be
due to the depoaition of the mud on the dissipation of the
mad davks, During the southwest monsoon season vhen the
md bank i3 active, the dodktom mad Decomes 100se and
remins as a Mghly viscous, 00se-1ike suspension of mud,

e mad i» datk greyish green in eclour, and
vory soft and plastic to toush, The finensss of the mud
gives 1t an oily appearanne, Ssstmppa (195%0) has reported
that doth the interstitial and sbeorbed inorganie phowpimts
values of the mud are seversl hundred times higher then
tha imorganie phosphate vaives of the overlying vater
during the pre.monsoon months, During monscon, vhem the
votton mud is disturded, 1% relesses large quantitiss of
phosphates (and perhaps other rutrients also) to the
overlying wvater, The physteal properties of 9w botiom
md of mad barkes will be discussed in Chapter V.
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7s Climata, winda, xxyas, tides eid currsnta

™he climate in this region 1s eontrollsd dy
the two monwoons, The soutihwest monscon breaks ower
Kerala uwsually during the first week of June and
continues 111 early Septeuber, During this periocd,
the vind blows roughly from the scuthwest and eloudly
conditions and frequant rains ave experiensed, During
Degenber and Jammuary, the general vind dlow iz frem the
north-easterly direstion and there are cseasional thun.
dsrstorms, During Fedbruary the veather is fine and
Narehy, April and May are the nonths whem sumer conditions
are experienced in this area, October and Hoveober fomm
a transition period botueon the two momsoons,

¥inda: Detween Mareh and May, the predominent
wind direction over the sea in this regon clmnges gradually
fron NE to 3 and them t0 W (Anonynous, 1966), In Jume,
the vinds tend to blow from direstions betwaen BW and W
and increass in strength, DBy July; the vind foree resches
about Basufort § to 7 or more, From Jume t0 mgust, three
qarters of all vinds blow from directions betwesn SW emd
W vith an average foree of Besufert ¥ to 7, DBy the end of
mgust, a reverse series of chaniges tale place in the
predominamnt vind divestion, The wind foree alsc decreases,
During Ostoder and WMowember, the direction of the wind 4s
48 detween IV and ENE, The winds during the northesst
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WONeoon seascn a2e Yight or =moderate and very rarely reeach
-Bogafort 7,

Land and sea breeses are also experienced almoet
throughout the year oxsept during the southwest mongoon
season, The land breeze is well dovelopod durdmg Daceubey
and Jamaary and decreases in styength and duration during
Yaroh,

Haxmst The H, ¥, 8, O, Publicatiom (1949) and
Hogben and Inmb (1967) comtain some information om the deep
water wave elinate over the Aradian sea, Srivatsawe, st nl
(1968) and Sriwatsave and George (1571) have prepared
gompilgtions of the visual odservations on waves pudlished
in e Daily vWeather Reports of the India Meteorclogiecal
Departoent,

™he predominant periods of the swell waves
approsshing the eoastline in the reglon of investigatiom
are bdetwesn 5 and 11 geconds and the directions are between
2A7° and 315° vith & marimun frequensy at 2707, The heights
of the savells mtstly renge fyom 0.6 m to 2,4 m, During
the soutiwest morwoon period, the direotion of approach
Ov vaves varies Yotwesn WON and BN,

Tdost and tldal surrsnts: The tides are semi.
mmmm.mmzmmnu. Tidal currents
are not gignirioant exoept near river nouths and estuaries.
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On the open coast of the Nircunmam - Purakad regiom,
aoprociable tidel eurrents do not oeour,

Coastal surranta: The surface currents in the
Arabian Sen ave sharasterised by the seasonal reversal
of eireuiation, In the open waters of the Aradian Sea,
the gmmeral eireulation of the surface vaters is clogk-
vise during the scutiwest monscon season and antieloelks
vise during the northesst monsoon sesson, Correspondingly.
the coastal curremts also show a reversal of directiom,
Along the coast Of Kerals, during Novembey-Jamiary, the
ctastal currents flows northvard and by the end of Jammary,
.mmmuumum The northerly coastal
Wormmtmmmummm,
and 4% seldom venshew a speed of {1 knot, During the south.
VoSt BONEOOR season, the coastal currents are stronger and
attain speets upto 2 knots,

8, Jurmakiom of the mmd harka

The mechanisns of formation, maintenanse,
aovensnt and diasipation of the mud danks avre wot clearly
nown, Variocus theuries have been put forward to explain
the formation Of the md banks, Rhode's kypothesis of
1386 (reported by Bristow, 1938) is the earliest in vhish
the formation of the barnks 1s attridutsd to a subterranesn
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chamnel flow of mid from the basivaters to the sea,

this flow deing maintained by the hydrostatis pressures.
head deweloped in the Laskwaters due to their Hdgher
vatar level during monsoon, Reports of 'mud woloances!
or cones of mud and water aprearing and bursting up at
the surfuse of the mud dank at Alleppey are considersd
a8 ovidenge for the existence of the undergromnd dis.
charge of mud and water from the deskvaters to the sea,
Bven roots and trunks of trees were reported to have bewn
brought wp by the mud volsances, It vas argued that sueh
sudberraiioan md flows mist be existing at Earskkal algo,
it md voleances 40 nat appear there bdecase the pressure
of vater in the Coshin backvater is less on aceount of a
free opening at Cochin for the freshwater, The reliadility
of these reports are doubtful; the present writer has not
obgerved atty sugh features in any of the mud barks during
the five years of Nis observation from 1960 to 1973,

e increase in presmire dus t0 rise in wvater
level in the deckvaters during mongoon is insuffisient to
caise sush st underground mud discharge, The strip of land
peparating the deckvaters fyom the sea is a low.lying one
and 804 the maximum possidle incrsase in vater lewsl in the
lais is only adout § %, for, above this level vater will
overfiow, A haad of 5 £t of vater vill give a pressure
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of 2 1t/sq, imh, whish is not sufficimt to overcome
the frietional resistances set up by solids in suspen.
sion, The vater head has, therefore, 1ittle or no
signifioence (Du Cane, gt al, 1938),

Dre lake's analyses of the mud samples (Du Cane,
at als 1938) from the Narukkal snd Alleppey mmd banks and
thoss from the baskvaters bawe shown that the foruer is
@ite different fyom the latter, The md of the mud
banks is greyish, vemacious and miscible with water
vheress the mud of the baskwvaters is black eontaining
Kgh peresntage of carbor end full of vegstahle dedris.
1% does not mix well vith water, Dz, lake comsluded
thet the mad of the mud bunks =ight have desn derived
fyon an 0lder pouree thyn the =mud of the Leskwaterw,

Da Cane reported that upto the 7 fu line, the md of the
sea bOttom and that of the mud bavks have comsom mature
and origin,

Borings conducted at Allsppey end Coehin alse
rule out the possidility of sy underground dischargs of
md and vater in these regions (Du Cane, gt al, 1938),
The fuct that in oertain years md batks have formed
oven before the cuset of monscon and Smoresse in the
vater 1ewvel in the baskvaters also doss not sontritute
“ﬁimmt
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Du Cane, gt al (1938) were the rirst to point
cut the role of waves in clhuming up the dottom mud snd
bringing it into mspension. They suggested that the high
vaves of the nomsoon asuson feel energy emmtdtuously to
kesp the mud in suspension, They also eunrhapized the wole
of rivers in the supply of suspended sedimonts, as most of
the md banks are fomd within s moderate distenes fyom
river nouths, The lowering of salimity during monsoon
s8as0n keeps the sediments in suspeneiom for lomger periods,
Howewsr, 4t may Do notad that mud barks have sppeared at
places for svay fron river mouths (see Figs, 1 and 2). Alse,
the botion mud and the momsocon swells are there all along
the matire coustline betwesn Camanore and Wuilm. Tw
theory of Du Cans and others fuiled to explain the forma.
tion of mud banks at definite locnlities alomg the coast,

Romasastry and Myrland (1959) suggested that
"upwelling and divergense near the botton betwesm 20.30 a
aloug the coastline” produse vertical sccelerstions
resulting in the lifting of the bottom waters, This wvater
carries along wvith 41t the fine mud Of the botton, thus
ropming the md bapks, Ewven though upwelling ean 14t
up botton sedinemis a8 coours in the Bemgueia upwelling
vregion (Hart and Curie, 1960), it is dowbiful vhether an
owrturaing of subeurfess vater as csqurring aloag e
Kemnla cOast san bring up 80 large a quantity of mud from
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the bottom and keep it in suspension for a long period,
The mud flats of the Benguela region disappear in about
24 hours vheress the mud darks of Esrela coast remain
for a period of over 3 months,

The author of this thesis (Kurup 1969) ree
viswed the warious theorieg m the formation of mud
barks and showed how meagre vas our knOwledge om the
physieal aspests of the mid batks, He cbgerved that
Du Cane's suggestion that the pre-monsomm swells clurn
up and bring into suspension the fine mud of the botton
at shallov depths was sufficiont to explain one phase of the
prodlem and that nome of the theories sucessded in explain.
ing the cocurrense Of the md barks at definite lcoalities
along the coast,

More reeent studies reported by Varmm and
Rurup (1969) sought to sxplain the localised formation
of the mud banka, They found from wvave refrection studies
and field obserwvations that the region of the Purakad md
bark formed a sone of converzing littorsl curremts for
Mgher period waves, Honce for these waves, Cue can
expect the formation of rip flows at this locality, These
rip flows caryy fimer sediments offshore end prevent the
onshore trensport of sediments by vaves, Thus lcoalisation
of suspended sediment takes place at the rip head, The
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high comsentration of mud in suspension causes visoous
damping of vaves and the formation of ealnm some, Varms
and Rurup also suggosted that the rip currents carry the
lov salinity nearshore water tovaxds offshore, thersdy
diluting the vaters of the mud bank, This dilution
facilitates deflocculation of sediment in suspension,

vhish aceounts for the contimoed axistence of the mud barks,
With the increase im salinity during the post-monsoon geason,
the md flosculates and settles down and thus the mad bark
disappears, The details of flosculated settlenent of sus-
pended mud in the mud danks are discussed in Chapter IV,

Reddy and Varedaohari (1972) have, fron vave
refrestion studies, found evidemce for sush convergences
and offshore flows at all the mud dbank regions of the
Kerala soast, The refraction of waves in the Furakad omd
bank region will be discussed in Chapter VI,

9. lovensnts of fhe mud horka

The mid banks exhdbit gome zovements alongshore,
the year to year shift being more conspicucus tham the
movenents vithin the yoar, Compiling all the available
records, Du Cane, gt al (1938) have prepared o series of
eharts showing the location of the Sarakkal and Purskad mud
banks during 1841 to 1937, Furup (1972) has plotted the
alongehore stretch and losation of the larakkal mud bark
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during 1861.1970, Aseording to the availadble records,
the Narakksl mud bank has moved socutiward al an cverage
rate of 7 miles in 100 years vith a partial return to the
north in detwemn, IHe aversgs rate of southward novenent
of the Puraiad mud bark is adout 15 miles in 100 years,
vith no movenent tovards north, The novement of the
Horakital mad bank is reatricted to a range of 12 miles
from the Periyar river mouth to the estuarine mouth at
Coshin and that of the Puraked mud bank 0 a range of
15 miles of coastline from adout 2 miles south of Alleppey
to Purakad. It i3 reportod that after travelling to the
southem-most point, the mud bdark gradually disappears
whilo anotler dank Wirets out at the northem limit, The
reliaghility of these reports on ths movement of the mud
banks i3 doubtful gnd also records are not availsble
consecutively for all years t111 1965, Simce 1965, both
the Narakkal and the Purskad mud banks have shown slight
soativard movement, The southers perifery of the Muraked
mud dank vas at Kekkasham during 1965, whioh reachad
Ambalapushe bty 1987, During 1968, 1969 amd 1970, the
sauthern limdt of the bank wvas north of Karcor and by 19N
1t had reached Karoor, In regent years, the Purcked mud
bank is located approximately between Nircummam on the
north and Purakad on thw south, The Narakkal mud bark
appears approximately betwesn Narakkal and Nayavambalam,
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Du Cane, gt al (1938) pointed wut that sxcessiw
floods due to increased rainfall, which in turn increase tie
dlscharge of vater from the rivers and the backvaters may
be a cmusative factor in the movement of the mud banks. They
belicved that the excessive floods of 1934, the Bihar earth.
quakts of 193%% and the umusually high reinfall of 1937 night
all have worked in sequence to move the Narakkal md bank
far south go that its southern edge orossed the cuter channel
of Coehin harbour in 1937 and csused heavy silting in the
charmel, They also considered the coastal currents to be
responoidle for the southward drift of the mud dbatks, Along
the scuthwest eonst of Indig, the constal curremts are
directsd southward from February to October and are northerly
during the rest of the year, Ostober and Jummary are the
transition monthe,

Asoording to Vama amd Kurup (1969), the formation
of the mad bark 13 the result of the intermstion betwesn
the onshore and offshore transports of sediments in sus-
pension, the forwer by wvaves and the latter by rip flows,
his means that the location of a mud davk is desided by the
locsation of econverging littoral currents strong encugh teo
cause an offahore transport of suspended sediments, Thus
the shift in losation of the mud bank can de considered W
be caused by a alift in the looation of the some of conver-
gemoe of 1ittoral currents, vhich is determined by the vaw



22

refroction pattern, MNarup (1972) suggested that the
novenanits of a mud bank, both year to year and within

a yoar, are the regult of the changes in the wave re-
fraction pattem due either to the changes in the botton
topography of the regiom (ecused Dy the deposition of mud
on the Masipation of the mid bark) Or to the changes in
the gomposition of the vave spectrun Or both, This aspect
will be discussed in detall in Chapter VI,

10. Eresent work

Pandkkar and Jayaramen (1966) stated: "the mud
bark formation and disappesrance is the result of a serdies
of events and 1t would de aiffigult to isoclate a single
faotor and show 1t as the main asusative fastor*, e
present wvork aims at obtaining a gomplets pleture of the
varicus physieal prosesses at work in the mad datks, he
hydrography, suspended sediments, their suspension, flo.
coulation end settlement, botton sodiments, wvaves and
ocurvents and the refraotion of wvaves in the region of the
md bark at FMrakad have bemn studied vith the ain of
elucidating the role of these paremetars tn the formatiom,
mintenance, movemmnts and dissipation of the mud durks.

The methods adopted to stuly cash appect are
givor separately vhile diseussing the respective aspects,
The studies haove deen made vith particular reference to
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the mud dark at Purskad, The mod banks et Narakkal amd
Nattika wvore also visited poriodically amd the general

cbservations have besn kept in mind while discwssing the
cbservations at Puraked,

11, Bagicn of invastization

An inshore vater area of gsbout 90 sq kn
adjasent tO the Wireunnam-Purpkad beach has been investi.
gated (Fig, 3). The beach along this part of the Kerala
ecant 1s orientsd in tiw worth northwest divection and has
varying vidth from place to plage, South of the mud bank
region the besch width is negligidbls and towards north of
this point the vidth of the beash increases, The coastline
is thickly fringed vith cogomut trees, Nircumnam and Puralad
are two fishing villages at a distanse of about 5,5 kn, A
sugll town, Asdalapushn, is situated midevay Detwesn them,
Asbalapusha, has a vwide deach due to the corsistent formation
of the md bark in this locality during the past fow yoars,
™e National Eighway passes through this region at distanse
of not more than 1 I fyrom the shore, At RNirskad, the
Highway 4s only 200 m from the shoreline, At Thottapally,
adout 1% km gsouth of Puraked, there is a controlled ocutlet
for the beskwater into the sea through a camal asress vhish
a Spdllvay has been ootmstructed,



T™he wvidth of the aontinental shelf in the
region of investigation is gbout 50 km, The bottom
contours are charasterised by soveral small undulations
approximately upto the 10 fauthom line and the deeper
eontours are relatively more unifosm, Very near the
shore, the bLottom consists of sand and shells and beyond
thig, it i3 ecmposed of soft mud upto about 24 fathoms,
Beyond this mad belt sand 18 again present,
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CIAPTHR IX
HYDROGRAPHY OF THE MUD BANK REGION

1. Inkroduction

Extenoive studies have deen made by various
authors on the hydrograpide conditions of the continental
shelf vaters of the southecastern Arabian Sea (Chidambaram
and Menom, 1945} Menon, 19453 Banse, 19594 Rama Zastyy, 19594
Rama Sestry and Myrland, 1959 Subralmemyan, 1959§ Ramamdrtham
and Jayaraman, 1960} Ramamirtham snd Nair, 196+ Darbyshirve,
1967 and Bause, 1968), et of these studies are based on
data pertaining to stations deyond the 10 fathom line amd
very little is known sbout ths hydrograply of the coestal
amd nearshore vaters of Kerala, BSeshapps (1993a), George
(1953) and Seshappa and Jayaraman (1956) have reported the
hydrographic conditions of the fmshore waters at Calisut
and Damodaran and Hridsysnathan (1966) and Damodaran (1973)
bave stuied gome of the Mydrographle features of thw
Narakkal mud bark region, Nearshore hydrogrephy changes
vith season and it 43 influemced Yy freshwater influx and
run off and homee waries consideraudly alomg the same
constline,

™hisz ohapter deals with the hydrograpids conditiong
in and around the med bank region at Puraksd, Hydrographie
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conditions of the mud bank region exert great influence
on the stability and longovity of the mad bank inasmuch
a8 the suspenaion of rud in sea vater is governed by the
salinity and dousity cmditions of the watew,

2« latarial and Mathods

The area of study and the locations of the hydro.
graphio stations are showm in Pig, 3. Hydrographie surwys
were condueted at the Purekad avrea during April, June, July,
Septender and Desetber, 1972 and Fedbruary/Mareh 1973, Monthly
sampling wvas dome fras a station very near the shore during
1971, Surfuse saaples vere collested using plastis buckets
and subsurfuse sarples using Hytasoh Bottles, The tenperagtures
vere noted immediately after collootion and salinities vere
estimated in the laboratory by titratiom, A temperature-
salinity probe vas also enployed for hydrographde surveys
uring 1972, mmwwmn:ﬂadwtu-mgmtry
boats and no sophistiocated imstruments could be opsrated
because of the limitations of these fyail orafts, Stations
nearer to the goust vere fixed Ly taking land boarings with
the halp of a sextant and the distont stations weve fixed ty
a desd-regkoning, IThe position, depth and distence from the
shore of the stations are given in Tabdle I,

3. Remilis
Vig. ¥ shows the nonthly variations of salinity of
the nearshors vaters at Station N, near Nircumem during
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TABLR I
LOCATION OF RYDROGRAPHIC STATIONS

| 9% M 68 2% 21,5'B <10
22 9° 234N 76° 21,6'8 3,0 0.9
a3 9° 23,38 76° 2148 50 1,0
- 9° 23,28 76° 21,0'E 7,0 2,0
2% 9 23,0'y 7° 20,6'8 9.0 3,0
at o° 22,8n 76° 20,2'E 10,0 Ue§
27 - 9% 22,00 76° 19,2'B 11,0 6,0
28 9° 21,9'% 7° 17,7°8 13,0 8,0
29 90 21,0'K 7° 16,3'E 18,0 16.0

2 9° 29,7'% 76° 19,1'E 10,0 14,5
W7 o° 20,2 7° 21,38 10,0 4,5
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1971 and the gverage daily rainfall during the same
yoar at Alleppey. Fig, 5 shous the seasonal variation
of surface salinmity during April 1972 to February/Mareh
1973 at Station o, 26 in the mud bark region and the
average dally rainfall reported at Allappey during this
period, In Pig, 6 are shown the seasonal variatiomn of
surface salimity and temperature at eight stations
(22-29) 4n a line perpendigular to the shoreline in the
md bark region, PFig, 7 gives the seesonsl wariation of
surface, mid-depth and bottom (1,0 m adove the dottom)
salinities at 3 stations in a line parallel to the
shoreline (stations 2, 26 and 47 shown in Flg, 3) at
Purakad.,

e variations of nearsivre salimity shows a
close rolationship with the rainfall, It fells from
33.5 /00 during the last vesk of May to 8 /o0 during
the middle of June (Mg, 4). There wvas heawy rainfall
(2% to 75 mm/4ay) from the last week of May 1971 onwards
which caused a 4ilution amoumting to a lovering of
salinity Yy 29,7 9/00 in the nearshore vaters, Damodarad
and Bridayamathen (1966) have reported a fall of 27,47 ©/00
in the nearshore salinity at the NHarakkal mad dank
region between May and Mgust, 19586, During the
season vhem the mud bank was setive at Puraked during
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1971, the salinity of the mearshore water was always
‘below 18 ©/00,

Marther offshore at station ¥o, 26, the varis-
tions of surface salinity does not ghow so ~lose
response {0 rainfnll as at the nearshore station
(Pig, 5)s DBven though there wns heavy roinfall during
the scaond veek of May, 1972 (22 to 97 ma/day), this
414 not gsuso oonsiderable dilution of surfase water at
this station located at 4,5 kn off the shore, These
shovers were followed by a pericd of gbout & wooks with
only light showers t11l1 the last week of Jume, 1972,
vhareafter the rainfall increascd suddenly, All Uhe
vhile the salinity of the surfase water at station
No, 26 xept on decrensing gradually, The lowest
salinity of 13.6 °/00 vas recched during mideJuly.
After this the rainfull decreased and the salinity
increased corrvespondingly.

Fig. 6 shovs the seasomal and spatial wariations
of surfase salinity and temporature during 1972/73 at
eight stations along a soction across the md bank
region, During April the selinity is adowve 3 %/ce at
all the atations vith g slight iworease towards the
offahore areas, The surfagce temperature also incresses
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towards offshore, from 30,8°C mear the shore to 31,49

at station Fo, 28, 8 tn offyhore, During Jume, the
salinity remping more Or less constant and at its

mindmun over a distance of 1 km from the shore vhere-
after 1t shows a sharp inerease from 8,4 9/00 to 15,7 %/c0
over a distance of gbout 3,5 km, Beyond this cistance,
the surface salinity increascos only olightly, During
this month, the surface temperatuye increases gradually
with distance fyom the ghore,

During July, the increase in surfaeo golinity
towards offshore 18 sharp beyond 8tation Mo, 23,
Stations 22 and 23 show uniforn splinity, The terpere~
ture of surface water remains more or less wnifom at sll
stations, During Septevber, surface salinity remaing
wnifoym at the fiyet 5 stations and it shows a gradual
increese further offshore, More or less uniforn salinity
is encoxmtered during Docenber, Surfuse temperature
remains almoat uniforn Quring these months,

In Pebruary, the surface salinity increases upto
a distance of about 4,5 knm offehore beyond wideh it
remaing more Or less uniforn, The surface teaperature
resaing unifora during this month also,
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Station Yo, 26 is locatod in the mud bank regiom
at a distance of about &,5 kn offghore and stations 2
and 47 are located north end gouth respectively of the
md bank region at the same distance fyom the shore,
These thres stations hawe deptbs araund 10 wmetres, A
can be sesen fyom Fig, 7, the salinily comiition and the
goneral tyend of fts sensonal variation at the surfaee,
uid=depth and botton at these 3 stations are identical,
On closer exardnation, 4t can be seen thal during June,
July ant Beaptender, the surface and midedepth salimitios
are s1ightly lower at the stetion in the mud bark then
at the stations cutside the mud bank, Thé difference
is more during July and loss during Jume and Septerder,
Also, the difforence is wre at the surfase ond less at
nid.depths, Bottom salimities are umiforn et all the
thres stations, During February/Mareh, April and
Degenber, these three stations show Lfdentleal salinity
variations vith depth, During Xpril, salinity slightly
decreases with depth wvhile the other cboerwvations during
the year show increase of salinity with depth,

%, Disguaaions

The influcuce of the monsoons on the hydrography
of the Kerala inshore vaters 1s ismodiately refleated
vory near the shore and to a lesser degres Offshore. The
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nonthly distribution of average datly rainfall during
1972/73 suggests that the hydrographie cvservations of
February and April may, with some rcservations, be
considered t0 De representing the sonditicons during early
and late susmerj those of June and July representing the
scuthvest nonsoon goasonj September represwmting the post-
moNsoon feason and Nesender representing the north.cast
monscon season, February and April cbservations as
dopioted in Figures L and 5 indicate vaters of relatively
hisrher salinity vith wniforn seascnal heating, During
Degendber, the salinity of the waters at the surfase, mid.
depth and dottom remains unifomm over the ayes vhile it
inoreases considerably from surfagce to bottom, By Sept.
omber, the excess dilution by the soutiwest nomesom reins
disappears, June and July recorded increasing salinity
towvards offghore vhish 48 a feature brought about by the
dilution due to land Arainage.

These features can be expected t0 be umifornly
present in thy inshore waters all along the Kerala
otaat exeept at river mouths and at places wvhere the
backwaters open out into the sea, Maraskad is am open
coast vith no influx of freshwater ercept land drainage.
™e only eansl emptying freshwater into the ses in this
region §s looated at Thottappally, adout 15 km south of
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Purakad, This freshwater influx vhich is a controlled
one through the Thottappally Spillway scece to have m
‘influence on the hydrography of the inshore waters at
Purakad, Station No, 47 does not show any excess
dilution compared to the stetions north of it, Under
the influnence of the coastal surrent systen vhigh &
directed tovards scuth during the scuthwest monsoon
season (Varadachari and Shama, 1967), the frestwater
let out at Thottappally probadbly flows mostly southwards.

Though the general patterns of distribution and
seasonal variation of salinity are identical doth ingide
and ocutside the mud bank region, the eomparatively low
surface and midedepth salinities found in the mud dbank
region during the scuth.west nongoon season deserve
special conoideration. Observations curing June, July
and Septerber indicats that the surface and sudsurfose
vaters of the mud bank are slightly more diluted than
those cutside the mad dbank. The dilution decreases from
surface to mid.depths and disappears at the dottom,
Varma and Rurup (1969) reported from wave refraction
studies the possibility of the existence Of rip curremts
in the Puraksd mud bank region and suggested that the
rip flows carry low salinity wvater from near the shore
theredy diluting the offshore wvaters, Reddy and
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Varadachari (1972) based on wave refraction studics
have found corroborative evidence for such convergonces
and offshore fiows gt all the mud denk regions of the
Kerala coast, 7The observations on currents in the mud
bank region are reported in Chapter VI, The present
obgervations on salinity vithin and outside the mud bank
region show that during the soutiwest monsoon soason,
thore 18 a posscidildity of a flow directed offghore in
the md bank region vhich 1s probably respomsibls for
the gdmparatively lower salinity of the waters of the
mud bark,



CHAPTER I

SBUSPEEDED MATTER



CHAPTER I

SUSPREDED MATTER OF THE MUD BAK

1. Inkrodusiion

Distribution of suspended matter in dAifferent
parta of the oceans has extensively Deen stulled by
wvaricus suthors (Armstrong and Atkine, 1950§ Atkins,
2t als 19% Burt, 19551 Mighizawa and Inoue, 19583
Jerlov, 1958; Sasaki, ot al, 1962) Hobson, 19673 Otto,
19673 Sheldon, gt al, 19673 Sheldon and Parsons, 1967a}
Sehubel, 19683 Sheldon, 1968; Sheldom, 1969} Deardsley,
2% aly 19703 Manhein, gt al, 19703 Wageman, at al, 1970
Carder, ok als 19713 Darke, 1971) Parke, gt als 1971}
Buss and Rodolfv, 19721 Ettrein and Bwing, 1972} Manhoim,
ot aly 1972; Relewig, 19723 Sheldon, gt al, 19723 Bornhold,
2t aly 1973 Heathershav and Simpeon, 1973 Cidbe, 1974
eta.). Most of these studies denl mainly with the dis.
tritution of concentration of suspenied matter in the
surfoce vaters of the shelf regions wvherein the order
of maguitude of the concentration varies from 10100
ng/1 nearshore $0 0,1 « 1,0 ng/l over the outer shelf,
There have bosn no sttempts to study the concentration
and distridution of sugpended mud in any of the md
barks of the Eerala coast, A knowledge of the distridu.
tion of the suspended logd in the mud bark is essential
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to mderstand the surface and subsurface tuild-up of
the bank and its shape, structure and movement, 7The
distritution of suspended matter and its seasonal
variation in the Purekad mad bartk region vharein the
concentrations of the suspended material are of the
order of 10°ng/1,hhve therefore been studied in detail
and the resulls are discussed in this Chapter,

2. Mathod

Concentration of suspended metter ean de
studied by various techniques ineluding ultramiero.
seopinal comting (Preumdlish, 19224 Sehubel and
Sehiemory, 1969), filtration (Seludel, 1967; Sheldon,
1972) snd optical measurensnts (Jerlow, 19683 Clover,
at als 196). Other methods imolude use of the Coulter
Counter (8hwldon and Pareons, 196703 Lee and Polkard,
1960) and spase photography (Webber, 1967), In the
present study the comeenityation of suspended matler
was determined dy filtering the wvater samples and
veighing the residue, Segahl disc observations wvere
also nede in the field but they failed to give any
conparsbls results prodably due to the overcast sky
of the monsoon uomths and the wery high comsentrations
of suspended matter in the mud dbark, Hoense the Seechi
dise date have POt been presented in this writesup,
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Opticn)l observations on the suspended mud of the mud
bark are presented in Chapter IV.

The area of investigation and the location
of the aampling stations ave shown in Pig, 3, Water
sanples vere sollected fram the surfase, midedepth and
bottom (1,0 m above the bottom) from 8 statioms (Statioms
2229) 4n a line perpendigular ¢o the shovreline in the
myd bark region, These samplings were dome during the
hydrograpide surveys eonducted from April, 1972 to
Mareh, 1973, In order to obtain a detailed ploture of
the mud bank formations, surfose, mid«depth amd bottom
(1,0 » above bottom) water samples were solleeted from
%0 atations (Statioms 1.50) in an aroa of adout 90 sq.km
1n the inshore region at Puraked during Jume, July and
Septerbery1972, The dotails of tim station positiocns
are given in Table II,

At stations very near the shore, vhere the
depth 45 only % n, ouly surface and wear dotton samples
vere collected, At &1l the other stations water samples
vere ocllsated from suwrfase, mid.depth and near dottom
(1,0 u aboye the bdottom)lovels, Surfoce samples vere
ecllected using bugkets end subsurfase samples using
Hytesh bottles,
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TABLE I
1OCATIONE OPF SESTON STATIONB

1 9® 26,2'y 726° 20,2'8 N
2 9° 25,78 76° 19,18 10
3 9° 25.2'8 76° 17,8'% 1"
N 9 24, 7N 7% 16,7'5 13
g 90 24, 2'N 726° 15,58 16
6 9% 247N 72 21,1'8 3
7 9% 24,6'N 7° 20,7'R 5
8 9% 'y 76° 20,3'E 7
9 9° 24,2'N 2%° 19,6'8 9
10 9% 23,80 2° 18,82 11
1 9 2300 7% 17,6's 12
12 9° 23,08 76° 16,6 1%
13 9% 22.6'8 7%6° 15,518 18
™ 9® 242 2%° 21,3'3 3
15 9° 24,1'8 721,42 5
16 9 a3, 7x 76° 20,6'% ?
17 9% 23,5 726° 20,0'% 10
18 9° 23,3 7° 19,3'% 1"
19 9° 22,7 7° 18,2'8 13
20 9% 22,0'% 76° 17,1'8 1

. -
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TABLE IX (CONID,,)

~ Btation Position oth
s"ﬁ:f“’ Latitude Longitude )
21 9° 21,85 76° 15,92 18
2 9% 234N 76° 21,6'8 3
23 9° 2343 76° 21,48 5
2 9° 23,20 7° 21,0'8 7
25 9° 23,0'8 76° 2046'% 9
26 9% 22,8' 76° 20,2*E 10
27 9° 224N 76° 19,2'5 1
28 9° 2198 76° 12,7'¢ 13
29 9° 21,W'x 2%° 16.,3'8 18
3 9° 22,7'% 7%° 2198 3
L 9° 22,6 76° 21,68 §
2 9° 224e'N 76° 21,38 8
33 9% 22,2'% 76° 20,5'¢ 10
e 90 21,8'F 76° 19,7'8 - 14
] 9% 21N 76° 18,6'% 13
36 9% 21,0'X 7%° 17,6 16
14 9° 20,7'x 2%° 1608 18
3B 9° 22,0'x 7% 22,28 3
» 9° 21,9'n 76° 22,0'% 6
%o ' ﬂa?’ﬁ 2° 21,5' 8

"



TABIE IX (CORTID,.)

S ESESFLR

9° 21,8
9% 24,28
9% 20,7
9% 20,3'N
90 19,9*N
9® 20,5'x
9° 20,2
9% 19.6'%
9% 19,1y
9® 18,5

76° 20,7'%
26° 20,0'8
76° 18,8¢%
26° 17,7'8
76° 16,6'%
76° aagm
76° 21,3'8
2%° 20,2'%
7%° 19,02
7%° 17,82
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' One litre of the water sample wvas filtered
through o pred ously welghed Whatman filter paper ¥o,
42 with the help of o vetwus pump, When the concene
tration of the suspended mud i3 wery high, it vas found
necessary to change the rilter paper 3 or 4 times to
forilitate s quick filtering, The finsl welights vere
deternined after drying the filter paper vith the
residue in & desigeator, The APD (average pore diamster)
of the filter papers used is 1.1 4 and 80 all suspended
particles of sises smaller than this may not de retatned
in the filter, Hovever, 1t is Xnown that filters retain
a significant amount of material vith sises less than
the APD of the filter (Sheldon and Suteliffe, 196)) emd
80 the results of the present investication may be
considered tO be realisticslly repressnting the total
suspended matter, The residue includes bLoth orgamie
and inorganic matter in suspension.--the sestom,

3. BRemalta

Figures S.1h ghow the vertieal distridution
of guspended sediment (mg/1l) in e section (Stations
22.29) scross the md bank region extending upto a
distance of about 10 km from the shore, PFiguvres
15+23 show the horigontal distribution of the suspended
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Joad in the surface, mid-depth and nean.botton wvaters
during June, July and Septesber 1972,

Daring April (Fig. 9) the vertiscal seotion
shows suspension consentrations varying between 100 mg/l
and 250 ug/1 between surface and 1 » adove the bottom,
™he caeentration decreasss fyrom near the shore upto a
distanee of gbout 1,9 km vhereafter it fncreases in the
seavard direction upto Statiom 24 located at a distance
of adout 2 kn fyron the ghore, DBeyond this station, the
oonsentration gradually decreases in the offshore direetion,
From gurfess to bottom, the consentration shows a gradual
increans extept at 2 stations (22 and 23) near the shore,

During June (Pig,10) the concontrations of
suspenied matter shoy comparatively Mgher values than
. during April., Trom near the shore, the surfaes conoshe
tration shows a slight decrease upto a distance of  km
fyom the shore whereafter it inoreases from about 150 mg/l
to adout 300 ng/l at a distance of 3,5 km from the shore,
Petwesn 3,5 km ant 8 kn from the shore, the surfuse waters
have somevhat uniform concentration of suspended matter
(> 300 mg/1), Bayond a distamce of 8 xa from the shove,
there 1s a2 sharp decreass Of congentrution at the surfase
in the seaward direction, In the region of maximm
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conpentration (6 km fronm the shore) the concentration
ineyoanes from 30 mg/l at the surface t0 550 mg/1 at
Jevels 41 m above the bBottonm,

During July (Fig. 11) the concentratiom of
suspended matter at the muirface deereases from 1300
ng/1 near the shoye to 1200 mg/l at a distence of gbout
1 kn fyom the shore, Beyond 1 km from the shore, the
eoncentration increases from 1200 mg/l to 1300 mg/l at
a distance of sdout 3,5 km from the shore, From 3,5 kn
to 8 km fyrom the shore, the conoentration at the surface
shows gratual decrease (1300 mg/1 - 1000 mg/l) whereafter
1t decreases vith sharp gradients in the offshore direction,
MNrmouﬂ!labmthtQ,Mme
tion of suspended matter imerenses from 1300 mg/l to
1500 mg/l at a distance of 3,% kn from the shore and
mmommabunmu/znamorsm
fyom the shore.

During Septenber (Fig, 12) the surfuce waters
shoy umiform eonsentrations of over 500 ag/l upto a
distance of about 6 km from the shore, TFrom 6 im to
8 ¥m fyrom the shore, the concentration deereases from
900 mg/1 to BOO mg/2 and beyond 8 km the seaward decreass
has sharp gradients, In the region of meximum eonoen-
tration (4,5 i from the shore), the concentration
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increases from 950 mg/l at the gurfase £O over 1300
mg/1 at levels 1 m abowe the hottom, Though the
concentrations at all depths are slightly lesser than
daring July, in the region upto a distance of shout

8 ¥m from the shore, the horimontal isolimes of
coneentration indicate s 'stratification' vhish is nore
stadle than during July.

By Decerider (Mg, 13) the comoentration of
suspended matter has fallen considerably sand also the
horigontal isolines have almost diappeared, At the
surfage, the comcentration decreanses in the offshore
direstion gradually from 550 mg/l mear the shore to
adout 100 mg/1 at o distanee of 10 kn from the shore,
Rear the dotton, the highest concentmtion is encountered
at station ¥o, 29 located at a distamce Of about 3 kn
fyon the gshove,

Daring Pedbruary (Mg, %) the surface
concentration decreases from 200 mg/l near the shore
to about 180 mg/l st a distance of 1 km from the shore
vheresfter 1t incresses 9 250 ng/l at a distace of
about 3,5 km from the shore, Peyoud 3,5 ke from the
shore, the surfese concentration shows graiual dsorTease
in ths offshore direction, Near the dottom, the Mhest
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eoncentyation cccurs at Station Ko, 27 located at a
distance of about & kn from the shore,

Figures 15-17 show the horigontel distribution
of guspended matter in the mud bank area in the surfage,
mid.depth and near<botton waters during the second week
of June, FMgures 15-.20 show the horigontal distribution
at these thres levels during the third week of July amd
Figures 21,23 during the first woek of September,

During Juns, at the surfase (Fig, 15), the
concentration varies between 100 mg/) and 350 mg/l in
the region govered in this otudy, The highest eomoen.
tration (350 nmg/1) is encountered at Statiom Ho,
located at a distamce of 5,5 km from the shore s about
1 ¥m north of Purgkad, 7The ecomtours of equal concemtration
extend in a semi.circular (wore correetly, semi.elliptisal)
gshape from the shore, Along the shore, the gomcentratiom
in the gurfece water varies between 250 mg/l and 300 mg/l,
the highast wnluess being near NHirouman,

At midedevths, during this momth (Fig, 16), the
congentration of suspended sediment varies between 150 mg/d
and 400 mg/1l. The region of high comcentration in the
mid.depth i3 dirgotly below the region of high emeentration
in the surfase vater, Near the shore, high walne is found
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in the vicinity of Station No, 30 vhich is lecated
midway dDetween Niroumnam and Puraked.

Hear the bottom (Pig, 17) the sontours are
more elonzated towards offghore with the result that
the contours are almost perpendicular to the shoreline,
The concenttrations at this level vary detwesn 150 mg/l
and 550 mg/Y, The region of high sopoentration is
éiyootly belov the region of high concentration at the
surface and mid.depth lewels,

During July, at the surfuse (Fig, 18), the
congenttration varies bdetween 100 mg/l anmd 1300 ng/) in
the regiom covered in this gtudy, The region of h!.@ut
concantration 4s in the vicimity of station Xe, 25,
located at a distance of about 3 im fron the shore,
about 3,5 ka north of Purakad, Along the shore, the
conomntration varies betwesn 800 mgz/) and 1300 mg/l end
the highegt comoentration along the shore 48 foumd in
the vieinity of Station No, 22 which is about & km
v0orth of Parakad., The isolines are more olomgated
tovards offghore than during Jume.

At the rid-depths, Guring July (Pig, 19),
the suspension comsentration in the aree of fuvestigation
varies between 200 mg/1 and 1300 mg/l, The region of
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the highest comcentration is slightly to the south.vest
of the reglon of the highest eoncentration at the surface,
The contours hove the sane shape as at the surface,

At woarebotton levels during this mouth (Fig,20),
the suspended sedinent concentration varies bdetween 200
mg/1l and 1500 mg/)l over the area, The region of the
highest concentration 45 almost directly below the region
of highest concentration at the mid.depth levels, The
eontours are more slongated towards offshore and also
they are almogt normal to the shoreline. Along the ahore,
the variation of suspension concentration is detween 800
=g/l ond 1400 mg/l, the maximun being in the vieinity of
Station No, 30, located mideway between Pursied and
Hireuman,

During Jaoptomber (Fig, 21), the surface
concentration varies batween 100 mg/1 and 900 mg/l in
this horisontal section, The region of hr-hest concenw
tration coineides with the regiom of hirhest omeentration
during July, The isolines are alnost norral to the
shorelime on the southern side of the rud bark, The
horizontal grodiont is very sharp on the southern side
eompared to the northern side.
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At midedepth lovels, during September
(Mg, 22), the concentration varies between 200 mg/i
and 1200 mg/l, e isolines have more or less simtlar
shape a8 at the supfase, ey are normal to the
ghoreline on oither side of the mud bark, The region
of high comsemtyation at this level is almost below
the regiom of high concentration at the surfase,

At nearbotton lowvels (¥ig, 23) during
Soptender, the concontration of suspended sediments
varies betwvean 100 mg/) and 1300 mg/l. The region of
the high congentration is alwost below the regims of
high consamtrution both at the surfass and mid.depthe,
™8 horizontsl grediemt 48 very sharp on eithor side
of the mad bank and the gontours are almost normal to
the shoreline,

4 Diacuasions
As can be seen from the diagrems showing the

verticol gnd hosdzontal distributions, emovmous quantity
of md comes into suspension in the mud bark region
during the period Jme-Septender as compared to he
other months, This 1s 11lustyated by the integrated
total concentration of suspended matter betvesn the
surface and 9 m depth at station No, 26 which has &
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depth of 10\ my; vhich varies as followss 16 April:

17800 mg/1p 11th Jumes 3523 mg/1) 17th Julys 12292 =g/l
Sth Septembers 1085% mg/l§ 10th Deosuber: 5209 wg/l}
28¢h Februerys 3312 mg/l, The md camnot remain
ilidefinttely in suspemsion, especially in sea water
vhere 1t will flosoulate and settle down, This means
that theare is a contimous gupply of suspended mud to
the md berk area Suring the months vhen the mad barike
is active, vhich gompetwatos fOF the setilenent of mud,

Fgures 1%5.23 halp to delimeats the shape of
the mud bank during the season vhen it is active, w
mud devk rises adove the bHotton $n thw ghape of &
ridped, Srregular; s0lid oome with a flat top, The
shape as wall as the location of the ‘centye’ of the
mad denk (the region of Mghest concentration of
guspenied mattey) undergo alight changes vithin the
period of itz activity during a yosr, The contour of a
partioular condontration covers s larger areas at mid.
depth thun at the surfuce and also at the bottom then
at the mid.dopth, That 15, the ares covered by the
contarr of a partieular congentration increases from
surfans o subsurface levels, The isolines of cone
centrution viden alongshore and also get elomgated
towania offuhore as ve procsed from surface to bottom,
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In ids context, it may be kept in mind that the mid-

depth and near-botton sections are not exastly horirzontalj

instead, they are parallel to ths dottom,

Experiense shows that there is erosion of the
beach om both the periferies of the mud bank and acere-
tion of material on the beach adjoiming the mud dark,
(Erattupashe and Baman, 1971 Momi, 19713 Padmanabhen
and Pillai, 19715 Kirup, 1974), It is possible that the
waves are refrected in this regiom in such a way that
thaye is s strong oomponent of the vave emergy directed
towards nworth on the southern side of the mud bank and
tovards eouth on the northern sfde of the sud bark, ™e
vave conditions, vave refraction and nearshove currents
of the vegion vill be dlssussed in Chapter VI, Wave
refrastion diagrams drawn for tids reglion (Thiruped,
1974) show that "Wizeunsian is & nodal some for the
mjority of the wvaves studied and deposition of courser
sedinent takes place on the bessh and finer selinents
are tremsporfed offshove”, Varms and Narwp (1969) also
roported that this region formed a sone of couverging
ttoral currents for hgher period vaves, Weve
refraction studles reported by Neddy sid Varadachert
(1972) have also shown that "fOr vaves appronshing
fyom WS and with 10 second pariocd, viich is the most



51

probabls directism and predosinant period during SW
mOUSOOR soason, camverging littorgl currents form at
seyeral places along the Kerala coest from (uilm to
CanMANOT®.eesesoe Wid Danks vore reported some time
or other in the past at 211 these plnces” (Fig, 24),
The horizouta) Afstridution of suspended matter in the
mid bark region discussed chove also suggests aupply
of suspendsd "md fyom both sides of the md bark into
the mad bark, The sharp grodients in concontration
seen on the gsouthem side of the mud bank at the
surface during Septomber indlcate excess of settlement
ovor nourishment in this region during Septemder,

The existence of phumes of high comeentration
of guspended sediment, cxtending asross the shelf in
other parts of the wyrld hns been reported by various
mthors, Usially these are assocoligted with mgjor deltas,
Se oy the Misslesippl (Scruton and Moore, 1953), the
Asagon (Heta, 1998), the Irrawaddy (Rodolfe, 1969) and
the Pe (Jerlov, 1998; Nelgon, 1970), Flumes of heavy
load of saspended mud also occur vheye there is e¢one
wrgenge of coastal currents, resulting in g eurrent
acrcas the shelf (My Cave, 1972), This phencomenan of
plume formation by converging residual currents has been
foumd to tgke plase in the southern North Sea (Joseph,
19533 Les end Ruwmster, 1968) and in the vestern Oulf
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of Mexico (Curray, 1980t wvan Ande), 1960), Another
plume 18 indicated southeast of Port Arthur, Teras Yt
spase photographs (Wobber, 1967), A plume extending
southeonst of Cape Hatteras has been identified by
Emery (1969) and Duss and Rodolfo (1972), It noems
1ikely that the mad batiks of the Kerala eoast are
plume formations of a larger soeals assooiated with
omvergenoe of Jittoral currents and the resulting
offeshore (rip) flows,
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CHAPTER IV

FLOCCULATION OF SUSPENDED MUD IN THE MUD BARKS

1. Intradessiom

In the foregoing chapters the distribution
and seasonal variations of the hydrographis persmeters
and the suspended gsediment loed in the mud bark vere
diseussed, It 18 kmown that partieles in suspension
in sea wvater may either de defloogulated or floooulated
depending on whether the salinity is low or Hgh,
Roseulation 1s the slectrolytic congulation process
by wideh suspended particles of aclloidal or pemi.
colloldal dimentsions conglenerate to form larger units
in an elestrolytis medtum, The process is reversidls
and, flosculation and deflosewlation under the influonee
of ehanges in salinity, exert great influemce on tw
ssttlement Of suspended mud especially in coastal
vaters, In the deflossulated state, the mud will
remin indefinitely in suspension subjeet ouly to
slow sinking at a rate dopending on the particle
dlameter vherwas, in the flogculated state, the flocos
vill settle at a 2epid mate, Flooculation plays an
importent role 4in prosesses like coastal shoaling, bar
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formation, harbour silting and mud dank formatiom,

Though the process of marine flogoulation
has been mibject of study both through obserwtions
of natural sanples (Welder, 15593 Comuittes on Tiipl
Ryédraulies, 19604 Berthois, 1961 Demerara Coastal
Tnvestigation, 1962; Xrome, 1972) and through laboratory
experinents (Whitehouse and Jeffrey, 19553 Whitehouse
and Mo Carter, 1958; whitehouse, gk al, 19603 Krome,
19625 Kyanoky 1973), the exact mechanisa of floe
formation 1u sea vater is not well understood, 0w
eleostyolytic eontent (anionis) of the ses water
deereases the slestyolytic potential (cationie) of the
suspended particles theredy increasing the possidility
of wpion of clay particles approaching each other Yty
the Drownian movemgnt$, The consentration and mineralogy
of the clay particles and the turbulense, temperature
and salinity of sea water are regarded as fuotors
controlling the stadility of a myd suspension in sea
vater (Postan, 1967), A detalled ascount of the
rhaologieal propertiss of mid suspemsionshas desn
glven Yty Chphen (1963),

Floseulation plays an importent role in the
sedinmintion characteristios of the mud barks of the
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Kerala coast, The suspended wmd in the mud bank regioms
is mostly in a c0lloidal state vhen the mud hark 18 sstive
and as the salinity of the inshore waters inereases during
the postmonsosn pericd, the suspended mud flocgulates and
settles down, Thoye has Leen no atteapt to detemine toe
effect of salinity on floceulation end settlement of the
fine mud of the mud banks except that by Du Cane, gt al
(1938) who, by cbeerving the volume of mud deposited in
Jar experiments under various Nall concentmations in
vater, found that the mud of the mud bavks *remmined
completaly defloestlsted 1f the FaCl concentration was
below 245 %700 and eomplete flosculation cceurved with
brine concentrations above 20 %/cs, Detwesn these two
rangen, the md s partially fleceulated 1.e,, part of
the md settles as floogs and the rest remgin in
suspension®, A report in Malmsagar (Anomymeus, 1968)
refers o a similar experiment vith suspension conomne
tratim of 5 gn of md/litre in vater of diffurent
concentrations of ¥aCl, 3, 10, 20 and 30 Yoo, The height
0f sediment deposited at fized interwals of time wvas
measured snd the results revealed that "in vater ef Jow
content of Nall, 3 %/0e, the flosculation was relatively



56
slow requiring about 8 hours for gomplete settlement,
vhereas in vater of high concentration of NaCl, 20 to
3 %/00, the floce dation end the corresponding settle-
nmont requiring only about 6 hours®,

T™his chapter explains some optical expariments
condiioted by the author to determine guantitatively the
eftccﬁ of salt concentration on flogc:lation and
settlement of suspended mud of the emd bank at Purakad,
Some observations on the floscules of the mud dark are
algo presentsd,

2, Usthod of studv

Suspension concentrations can be studied by
vet ashing, direct microseopy Or by optigal measurements.
Photometric determination Of suspension concentration
has successfully been made by Atkins, ot al (19%4),
Joseph (19%%), Burt (1958) and Glover, gt al (1969),

The present experinent employs photometrie
detornination of attenmation of tamgsten light in the
md suspension to determine the floooulated settlcment
of the md of the mud bark under different concontrations
of HeCl in wvaters A series of exporiments vere coniucted
using lass Jars vith optically plane surfeces filled
vith tap vater vith varying salt comoemtrations in
vhigh md fyom the topwmost layer of the botionm at the
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md bank region has been urdforrly suspended, The
experimmmtal set-up is schematically shown in Pig, 25,

A parallel bear of light from o timgsten filament lsmp
vas employed and the scattered light ecming out of tiw
sugpengion after travelling horigontally through the
suspension, wvas measured using a photometer at varios
time intervals after stisring the suspension uniformly
vithout entrapping air bubdles, Pollowing the suggestion
of Shibata (1958), an opal glass diffuser vas employed
80 that the fraction of the seattered light whieh resches
the photoesll 1s increased and the photometer ‘seos’
mostly diffused light, The attemiance® of the suspermion
relative to that of mure vater in the same glass jars
vas deteruinod at fixed timings upto about 9 hours,

™he exporiments vere repeated for different salt
conosntrations fyom O to 3% %700 and with three
differant md samples, In all cases, the concentration
of the mud suspensions vas kept as 1 pv/iitre, The
experinmts vere conduoted at room temperatuve.

™e three mud sanples wore collsetad fyom
depths of 6 m (Bample A), 10 n (Sample B) amd S »

* Attomuance 45 the ratio of the ratdant flux lost from
a beam Yy neans of sbeorption and scattering to the

incident Mux,
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(Berple C) 4n the myd ban: region at Purakad (Fig, 26)
during Septerber, 1972 when the rnud bark had started
disanpearing as inticated dy desrease in turbiatty ux!
tmrease In vave aotion, The grain sipe composition Qﬁ
the sanrles as determined by the eorbined method of vet
gloving and pipette analysis (Krumbein and Pettijomm,
1938) 18 shown belows

MWW

gamd ( > 62 M ) 0495 0400 3400
Bt (4/ebQ 1 )8 39,31 BN6  W2H0
Clay ( < & /)8 5947 Mefe  Feat0

A1l the three samples contain mostly silt and clay. Of
the thyee, saple B 13 finer then semrle A and, sample A
is finer then sample C.

3, BRamlla

Pirures 27.29 show the variation of the relative
attemence wnder different Nall concomtration of the medium
for the thyee mud semplos. The wariations in the trane-
nittance of the susponsion system due to ¢hanhiges in thme
sigo of the flocos are mot seperated fron those due to
settiment of mud, Me sexperiment tus messures the
cosdined effect due to floconlation and settlenment,
The floceulation end settlenent increase with time end
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vith increase in the salt content of the mediun, DBoth
inzroases are more or leas gradual, Yor suspension i,
vith galt coneentrations 10 %/c0, 20 %o snd 35 /0o,
conplete settlement of the suspended lowd (relative
attemuance unity) ocours in sbaut 8 hours 15 mimates,
3 hours 40 nimites and 2 hours rogspectively, In the
cnse of guspension B, wvhen the 8zl conoentration ig

10 % 00, conplete settiement ccours beyond the duration
of the experiment and at 20 %700 and 35 %oo, 1t cccurs
in about 8 houre LO mimnutes and 3 hours 50 minutes
respagtively, For suspension C, complate settlenment of
the suspended mud cocurs 4n about 8 hours 25 mimites,

2 bours 20 mimutes and 1 hour 20 minutes at NaCl
conoentrations of 10 %00, 20 9/00 and 35 %00
respoctively, At lower salt concemtrations, complete
settlemont cocurs only beyond the diration of the
experiment,

It 18 Imown that for,given type of particulate
matter, the attemuation is proportioms) to the particle
conoentration in suspansion, expressed as mase per umit
volume (Fomes and Wills, 1956; Oshekowaky, 19663 Jercme
1968), Using this proportiomality, Fig. 30 4s prepared
shoying the time required for 25%, 508 and 75% of the
suspended 10ad to settls at various salt concentrations,
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T™he proportiomality may not be strietly holding good

at all the salinities becauss of the changes in the
sipe of the flosculss at Mgher salintties, NowvertMwless,
the qurves show that the deerease in the time required
for ssttlement with inoreass of salt congentwation 1
in a sontinuous and welledefined munmer, At 2ll brine
conostitrations the settlenent rates are different vith
respeet to the thres wmud sampless sample B being the
slovest and aample C being the fusteat,

‘h Dasuasions

The processes of flocculation and settlement
s cocurs in the natural envirorment may be dSiffurent
from those taking plaece in the settling jers, Aaition
of NaCl 4n freshvater d0es not exactly simulate salinity
conditions of sea water, Ths results can, hovever, be
applied to natural contitions with slight modirdsations
expept in cases vhere large quamtitiss of orgentie matter
is dissolved in the ses vater in which case floes.lation
cogurs at enhanoed rates, When exsmined under microsecps,
the floegules in both the matural samples and the
artificisl suspenaiong sppesr identiecal, They are
neariye-romdsd masses of varying dimensions, Eash
eXump gomtaing gratne of various sises, At higher salt
concentrationsy the individusl flocoules are higger tham
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ot lover salt coneentrations, This was found to be
#0 in the metural samples also.

That the sddition of salt to make up various
consentrations does not cause a change in the attemanco
has been shown by Clark and James (1939), who found o
appreciatile difference betwesn the attemusnce of
diptilled vater and that of filtered sea water,
Corrchoratory results have heen odtained by Sullivan (1963)
by eonparing the absorption of distilled water with that
of artificial sea wvater, In the prosent study also the
sttemance befove any flosoulation takes plase (time 0)
is found to be more or less sams under all dvine
conoentrations,

As @an be ssen from Mg, 30, flocaulated
settlenent starts even at 1 %/c0 salt comommtration
and the inerease in the rate of gettimment continues
even beyond 3 9%/cn, vhereas Du Cane, gt al (1938)
suggested completely defioceulated state below 2,5 %/oe
and completely flcselated state adowe 20 °/ve,
Cbssrvations under micressops shov that at 35 %/ce
there are lesser indtvidual particles then at 20 %00
vhieh begane part of a floscule ot higher salinities,
The Mgher the salinity the lesser is the mumber of
individual particles snd digger is the sise of the
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floogules, The minimum galinity at which complete
flooculation cocurs iz certainly abdowe 35 9/os,

The mud of the mud bank responds very quiekly
to salinity changes of the mediun upto § %00 and at
higher salinitisg the response is somparatiwely slover,
In the jar experiment any tangential forves like those
due to wvinds and curventa or vertisal forees other than
gravity and bDuoyaney are absent vhoreas in the occean,
the tangentisl forces and the turdulence of uater may
delay flooceulatod settlenent, Hemce the wvery low
salinities may not be 80 effesctive in forming floges in
the sea as in the jar cxperiment, But in the mid denk
rogion, the waters are fyee of vave disturbaneces owving
to the damping that wvaves undergo in the turtdd vater,
The socuthwest monsoon and the heavy frestwater run.off
during that seasom cause comsideradle dilution of the
imshore vaters of the Keynla coast, The distridution
and seastnal variations of salimdty in the region of
the mud bank at Puraksd have beem diseussed im Chapter
II. The seasomal variations in salindty show that the
RONSOOR Seasvn provides conditions fuvourable for
increased deflosgulation in the mud bark region and the
post.aonsoon enditions fecilitate flosoulation apd
settliement, However, cven during mongoon, the salinity
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13 never dedow 8 %/00 at o station very near the
shove. Further offhore, it is always sbove 13 %/co
(Chapter 1I), As the results of the present stwdly
indigate, oven at thess lov salinities, floec lated
aettlguent prevalls and it ia evident that thore 4

a eontimcus supply of suspended sediment to the water
column 30 that the mud bank contimues to exiat for a
period of 2 to 3 nonths,



CHAPTER V¢

BOTTON BEDIMENYS



CHAPTER ¥V

BOTTOM GEDIMENTS OF THE MUD BANKS

1, Introduatdon

As san be seen from the foregoing disgussions,
the bottom sediments play an important role in the
formation of the md dbarke, The general somation of the
botton sediments in the continental ahelf off the
southuest coast of India has coastal sand bordered
semmrd by mids and then limesands (Shepard, 1973),
Rarien (1969) nas identified four sones of dotton
deposits in the shelf region off this goast, These are:
(1) sandy deposit in the nearshore region upto a depth
of 3,5 w. (11) mddy deposit with small quantities of
sand beyond 3,5 m depth and extending upto 18 2 lime,
(112) 8andy some extending from the 18 m 1ine to a
depth of 100 or 120 m, in whish the quantity of mud
decrenpes and that of sand increases progressiwvely
tovards higher depthe, {(2v) hard bottonm sone begimning
from 100 or 120 » 1line and extending upto 200 n depth,
vith depogits of grey or dDlack and white sand mixed with
fine shell fragestits and very small pereentage of silt,
he textural end petrographical properties of the sediments
of the south.eastern continental shelf of the Araddgn Sea
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have besn studied in detatl by Staclwliberg (1972)
and Mattiat, gt al (1973)¢ Staclelberg (1572) has
reported that from the coastline down to approximetely
50 m dapth, the sediments becoms progsressively finer
and on the cuter shelf they are again consideradly
coarser, Mattiant, gt al (1973) have distinguished
the following five cifferent fucies sonss vhish yun
more oOF less parallel to the cousts (1) constal sand,
(2) mud poor in lime, (3) caleariocus sand, (&) sandy
md rioh in 1ims and (5) mud rich in lime, Along the
portionsof the Kerals coast vhers the mud barks appear,
mud Oogurs just below the lov water lins, The gemoral
characteristiss of this mud as reportod bty Keem and
Russel (im Du Cane, g% ale 1938), Dora, gt al (1968)
and Dartdarsn (1973) have been discussed in Chapter I,
T™he observations of the suthor on the bottom sediments
of the Mirakad mud dark region are presented and
amn'tmch-m
2s Mataxials and Nethoda

48 botton sediment sanples ware ¢ollested
fyom 8 stations (Stations 22203 See Fige 3§ Tadle I)
in s 1ine perpendicular to the shore at Purakad during
the period April 1972 ¢0 February 1973, The semples
were collested using a Van Veent grad and subjected to
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sine analysis by wet sioving and pipette analysis as
desorided by Krusbein and Pettijohn (1938). Known
quantities of the 4ried sediments vere dispersed in
04025 ¥ solution of sodiun hexsmetaphosphate and the
sand frestion vas separated by siewing through a 230
megh siove, The sand frastion retasined in the siowe
vas dried and velghed, The finer fractions were
analysed by the method of pipette analysis,

3. Basulta and Discussions
(a) Toxture
In general, the mud bank sediments are very

soft and plastie to touch and yellowish-browm to dark
greyishegreen in colour, During the season when the
md bank 48 active, the bhottom sediments ere in g
highly unconscalidated state 80 that the bottom 1s not
clearly demarked, Very often during this seasom, it
is found that the grab fails to cloce as 4t does not
‘hit a hard dottom,

Tabls IIX gives the veight percentages of
sand (> &M )y s82t (b re 62+) and olay (< 4 )
in the bottom sodimenty at statioms 22.29 during differemt
nonths, Figire 31 shows the eumlative welight percentages
of these sise frastioms at the showe stations during
different monthe,
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he spount of sand 15 always less them 115
at all stations, The maximum percentage of sand is
found at Station No, 28 (8 1 offshore) during June
and at Station No, 29 (10 ka offshore) during July,
1972, The olay eontent in the botiom sediments
decreases from April to July and shows a suddem inerease
during September, During this month, the bottmm
sedinents st stations 25, 26 and 27 contain uo sand,
less 511t and more ¢lay, From Septenmder cowards, the
clay froction increases towvards Degetber and shiws &
slight decrease during Februgry, During all momthe, the
station nearest to the shore (Station No, 22) shows
slightly more sanmd content than the other stationms,

Fig, 32 shove the monthly wariation of sand,
51t and elay content of the bdottom sediment at Station
No, 26, The increase in the peveentages of fine frastions
during Septenber mxy de due to the inoreased settling of
the suspented loead during this month due to the inorease
in the salinity of the overlying vaters vhieh entances
floceulated settlenment, Dy September, the wave aotivity
also decrenses 90 that the bed load transport and also
‘the supply ty littoral currents dinminishes comsideredly
(ses Chapter IIX), December, February and April
odaervations show the typical charssteristics of the
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botton mud of the mud bank region as reported by
carlier investigators, Dors, gt al (1968) have
reported that the mud bark sediments are essentislly
clays or ailty clays wheéreas outside the mud banks,
the sediments are silty clays or clayey silts and less
comaonly satd.silt clays or sandy silts, The results of
the present investigations are in conformity vith this,

(v) Denpity

The dengity of hotton sediments is importont
inagmch a8 the processes of settlsawnt, transport snd
suspension sye concemed. The measurement of mad
doreily is Aiffioult as 4t has to be made on aggregates
of fine particles, Attempts vere made to estimate the
density of the hottom mud by putting knowm veights of
dried sedinment purticles in a lomg, narrov measuring
flagk and noting the volume of displased water vhem all
the particles have settled down, The density vas found
to de 2,6 gn/ml, The result may not de wery ascurate
becsiise of the likelihood of imsomplets pematration of
vater into the interstices of the particlss, It may
also bo noted that the density of the delydrated mud
tins determined doss not represent the material as 4t
ocours mturally (Crim, 1968), The density of the mud
bark sediments can de slightly on the Mgher side of

this valuey



(e) datar content
Vater is held Dy the bottom sediments at

10w temperatures in their interstioinl spaces, The
vater contant i of inportance a8 it largely determuines
the plastio, donding, compaction, suspension and othey
properties of the sodiments, The weight percentage
vater content of the mud dark sedimeonts was determined
by finding the vet welight and dry weight of the bottom
sediments, The 1n alhl vater contagnt was found to wary
between 59,28% and 72.47¢ (woight percentages), The
minimem values vere cbtained during April and the
maximun values during July, The water coutomt increases
from the premonsoon season to the monsocn soason (mud
bank active) and then again deoreases towards the post.
monsoon season (Fig, 32),



CHAPTER W

WAVES AUD CURLENTS



GRAPEER V1
WAVES AND CURREN?S

1+ Intxedugtion

T™he rols of vaves anl wvave~induoced owrrents
in the fawation sd movemsnt of the mad bdexike hae
already been indicated in the feregoing discussion,
This chapter deals vith the characteristios and seasomal
variation of waves and ocurvents in the mad bank region
at Puralksd,

As wvaves apyroach shallow water, they lose
gy due to bottem friotion, percolation md the none
rigidity of the dottem, A wave moving from dee)p into
shallov water contimioualy deareases in length and speed,
while 1ts height first deoreases and then increanes
(Xinsmen, 1965), Vhan these vaves snter vater of depth
apprexinataly equal to the vave height, the vaves become
umetable and dreak, The depth of water in whieh vaves
break and the nature of the bhrealnys depend upon the
vave steanses (ratio of wvave height to vave lsngth)
and the slope «f the beash (Veigel, 1964). A bresking
vave relsases a part of the wave energy in the sarf some
ad this emergy is weed Uy in stirring up the dottom andt
sarrying the materisl inte suspension,
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Refraction 13 an wmm process wvhish changes
the charscterictios of the deop water vaws as they pass
through the shoaling vaters, In deptha sralley compared
to the vave length, the vave wlooity is dependent omly
on the wvater depth, If diffeyent parts of the vave crest
are in vaters of cifforent depths, their wlocities will
algo de different, This results in the bending of the wawe
vhioh 48 known as wvave refrastion, The ohanges in vave
characteristics caused by refynction can Yo assessed by
construeting vave refraction disgrems (Ma 1959)e

A vave upon breaking booomes a vave of tranoe
lation ond becouwge of the mass transport of watery a
certain amount of vater piles up sgaimet the coust when
the wvave breaks, The hydraulie head thus estzblished is
more in the region of convergemce of anargy and 80 there
vill b» an alongshore flow from this region to the region
of divergewe, C wwerging alongshore currents vill give
rise 0 a gtrong offstore flow whish is Xnowvn as the
rip current (Shepard, gt al,19%1; Shepard and Dmamm, 950
and 19513 ¥e Kensie, 19593 Bowon, 1960 m an? b} ete.).

2« Havea
™he mid banks aet as natumal breakvaters by
danping the waves eomsideredly, During the southwest
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monmsoon season, vhen the md bHanke are astive, the dbark
regions are calm But for small wavelets or ripples,
Separating the ealm area fron the rough sea, there is a
zone of moderzte swella, Along the approxirately senl.
ciroular perifery of the cala sone, the vave height
gradually imcyeases cutward, This feature can clearly
be obgerved along the shore, Table IV gives the height
and the orientation of the breekers with respest to the
shoreline at 12 observation points (I.XII) along the
shore, The location of these obgervation points are
ghovn in Flg, 33, The breaker heights were determined
using a graduated pols and the bresker orientation using
an inmolinomoter, The obserwvations were taken during a
span of 3.4 hours on two conmecutive days Dut have besn
oconsidered synoptic in preparing Tadls IV,

From Table IV 4t can be sesn that as the breaker
height decrenses tOwards the mud bark region, the angle
between the bresker and the shoreline shows slight irncrease.
There 1is mucesssive danping of vaves as wo approach the
contye of the mud bank from both north and scuth, Tw
calm sone vAth only amell wavelets or ripples is nore
extensive during July then during Jume and September,

The extent of the mud bank seems t¢ be determined by tie
vave sctivity cutside the bank region, The nigher the
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wvave agtivity the more sxtensive is the mud dank,

e orisntation of the bresker with the
shoreline indicates that the direction of flow of the
alongshore currents is towards the bank area from the
nOFtharn ad vell as the scuthemm side of the bank, This
is in conformity with the results of the wvawe refrastim
studies reported by Thiruped (1971) and Reddy and
Varadachard (1972) and the cbservations presented by
Yarma and Euyup (1969),

3+ Duming ol wawas

As mentioned earlier, the most remarikadle
feature of the mud buanks is the calumess of the bark
areas, In 1860, Twrlor (Hecords of the Geologisal
Society, Vol, XVII, p. 21) sxplained the calmwss of the
md dark as dus tO the soft mud that eomes into suspension
during the season vhen the mud bank is actiwe, In 1884,
King (Bristow, 1938) attributed the dwrping of vaves
in the mad bank regions to the presetws of 01l in thw
med, Keen and Russel (Du Cane, gt al, 1938) maintatmed
that 01} as sugh wvas not pregent in the mud bark region
and that even if a little oil vas present, a thin film
of odl could not produse sush a pronounced dasping of
vaves a8 actually chserved in the darks, They attributed
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the olaiming effest %o the md, viileh, vhen in
suspenaion, inevesses the viscoaity of water sl
cumses viseous dmping of vaves, Various axthors
(Damedaran end Hridayunathan, 19663 Varma and Xrup,
19693 Damodaran, 1973) seem $0 have generally scoepted
this v evw of visoeus damping of vaves in the md daxiks,
This aspect vill be exmmined iu greater detail in the
following paragraphs,

I8 15 knem that subetmess videh are sither
nived vith vater, sudh as mud, 100, seaveed, 9ol grase,
ete,, 0 cover ¥he sea, 1ike some oils md even fresh
vater, oan yrevent the regnlar developaent of vaves sl
emos existing vaves to decsy (Defmt, 1961),

Observations of e mthor during a period
of five years at varicus mM benics along the Kerals
ooast have shown that the md benies presat em olly
appearmoe &t the srfase mly after intenss fishing
sotivity starts in tlw bank region, This oil may
be das to the oil (suoh as Saxdine oil ete,) used
geerally for mressxving the woold of the comtyy boats
and the ofl relsasel Ly the dead ani degenersting fish
in the srea, The fishing sotivity is alvays preceded
Wy e fenstim of the esln sones.
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Vissosity 18 the internal frietion of
fluilds caused by the intermnlesular cobesive furces,
For pure vater the coofficient of viscosity,)has a
value of 0,017 ga en/sec (poise) at 0%, 0,01002
poise st 20°C amd 0,00653 poise at W09, with
increasing temperature 7 decreases rapidly but
Sncreases only alightly with imoreasing salinity, By
comparison, the influence of pressure is very smll
(Sverdrup, st al, 194%2), The internal friction of
fluids can dampen any oscillations taking place within
the fluid,

T™he theoretisal treatment of viscosity of
eolloddal suspensions is one of considerable difficulty,
In this case, the wual definition of 7 in the form

!‘n»zg

does not hald good beaause the viseogity occefficiemt
varies with some function of the wvelocity gradient.

Ho results omn the visgosity of coag:lating mad
suSpensions are availsble and the question of thedr
Newtoniagn Dehavitur or otherviss is quite unanswerablo,

e only available treatment that finds
application in the pressant econtext is that of Albert

Einstein (A, dar. Ewaik.s (1908) 19: 209), wno
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in 1908 showed that Lf the ecllofdal particles are taken
to be approximately spherical and are non-ionised, then
for lov consemtrations the viscosity 7 of the suspension
18 related to the viscosity 7 of the llquid and the

volume conoentration C dy the relation
! |
’:ZZ = 142.50¢

It may Do remecbered that in the case of mud suspensions,
this relation can be applied to mud in fresh water omly
{non-ionised), Omly the aggresgate volume of the spheres,
not their sime, ccmes into question, The formula has been
tested with suspensions eontaining globules of 0.6« 8/
in dlaneter sand found to hold good as lomg as the concen.
trations are mot too Migh, For Mgher coneemtrations, a
tern 2 has to be added (Hateshek, 1928; Newsmen and
Searle, 195%9; Encyclopeedia Britammica, 1973). At the
suspension coneentrations encountered in the mud benks
the Rinstedn formla cught to spply fairly well (Dr, R, B,
Whittington, personal commmnicatiom).

Table ¥ gives the dymamie viscosity 7', density '
and kinematic viscosity V—Z—: of mud suspensions for
various concentrations from 100 mg/l to 2000 mg/l in
fresh vater at 207 ( *) = 0,01 podse) sssuxing the density
of water to be 1,0 gn/ul, and the density of msd to be
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2,6 gn/ul, As can be poeen from Table V the kinematie
viscogity incresses from 0,01 poise fOr pure water to
04,029 polos vhen the eonventration of suspension 4s
2000 ng/l, The maximun concentrations encoumtered in
the msd Dark in the surface, mid.depth and one metye
above the bottom are only slightly sbowe 1500 mg/)
(Chapter III),

Let us now consider the damping that vavee
w11l undergo in 1iquids having these vigcosity walunes.
Moording to Lemd (1932), the damping time for vaves is
glven by AL

-

b

T
vhere ‘U 1s the damping time or the modulus of decay
vhioh represents the time required in seconis for the wave
height to be reduced to the frastion ¢ of Lts original

valne, X 15 the vave leugth in e and V" is the kinematie
MMW¢

\ising this relation, the values of | for
warious values of\V for vaves having length of 1 »
have beott caloulsted and tabulated tm Table ¥, A me
metre 1omg vave takes about 3,5 hours t0 be damped to
z,euuowmnmnwuumunm.
as maeh as 1,2 hours even vhen the susperwion comsentration
is 2000 mg/1,
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TABLE V
RELATION BEZIWEEN SUSPENSION CONCENTRATION, VISCOSITY,
AND WAVE DECAY
- , - —
ﬁw emm (l'ztu) gm/;ml v (ho’iru)
ag/1 a
o 0 0,01 1.0 0401 34515
%o 04019 0,01088 0,00002 0,01047% 3,348
100 0,038 001006  1,00008  0L.D10059 3,208
200 0W076 01190  1,00011 04011858 2,95%
300 0118 oN1288 100017 012877 2,729
Yoo ov15y 01383  1,0002% 0,013826 2,543
%00 0W192  0,01h80  1,000%0 ODWBHY 2,376
600 0230 OWDI575  1,00038 OLDITAM 2,233
700 0e260 001673  1,000h2 0,016722 2,102
oo 0,307  0,01768  1,00048 0,01767% 1,999
900 o8 001865 1,00053 0,018639 1,886
1000 0435  0W1960  1,00061 0,019588 1,75
1100 okas 0,02098  1,00067 0,020566 1,709
1200 O'M61 OLD21YS  1,00073  0,02151h 1,63
1300 000  0,02250 1,000 0,028%88 1,564
o0 0,538 0025  1,00005 002330 1,500
1500 0976  0.,004h0 1,00091  0L02W377 1,002
2000 0.700 002923  1,00122 0N 1,200
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' Thig shows that the viscosity imoresss due to
contenination by suspended mud at the surfase, mid-depth
and at lewvels 1 m above the bottom has no appresisble
effeet on the deony O©f wave haights,

™'n addition to viscons damping by the medium, vave
enorgy is dissipated by vay of Dottom frigtion and pereola.
tion (Putnam and Jolmson, 19495 Putnam, 1549), A nonerigid
bottom also comtritutes comsidersbly to the loss of wave
energy and to the changes in vave charasteristies (Wiegeld,
196%)s The wave decay due to the elastioity of the bottom
by far exceeds the rates givem by botton fristion and
pereolation (Gade, 1958 and 1959), Gade refers to a
location om the Lovisdana coast vhere the bottom md acts
as a viscous fiuld and causes 80 proncunced dwmping of
vaves that in rough weather, the loeal fishing boats use
1t an an emergemey harbour, Oade has dewelopod a model
wvhich shows that an 8 see vave, 2,0 £t Mg, trawlling
A0 % £t of vater over a bottos vith a layer of md viien
13 1,5 £t thigk and 1000 £t long, vill be only 37¢ o8
high at the end of the stretoh of mud as at the start,
Oade's model seems t0 have closer analogy with the process
of vave damping in the mud batks than the classieal
contontion of viseous damping by the muddy waters, In
the mad bank, settlement of the suspended loed of
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sediments takes place contimpously (Chapter IV) and the
scttlod mude remain in o lovse, unconsolidated, cozo-like
state having an in gitn vater content of about 2f
{Crapter V)4 It appears that the energy sbsorption at
mommmmormmmm;m.mm
vien the mud bank 45 active affects the vave decay more
tham the internal viscosity of the overlying mud laden
vaters,

Thus, the premonsoon swells elmrn up the bottom
méd and very near the shore they are in turn damped by
the loogse bottom mud in the rwgiong of converging along-
shore currente,

L. Carrsuta

Figure 3% sghows the speed and direction of surfaoe
currents wvithin and arcund the Puraksd mad dark region
during June, July and Septezber, The clwervations have
been made using surfaoce drifters snd following wp thd »
novenents Y fixing thely sucoessive positions at regular
intervals Of tine with a sextant, The firgt chservations
vere taken on the 10 and 11th of Jume, 1972, vhen the
mad batk setivity had set Sn as indionted Yy surfues
calmmess, turbidity, ete, Ihe July cbserwations vers
uade during 18 «» 20th Mly when the mud bdark activity was
st 4ts maximm, Durimg 3 « § Septembter, wvien s thind



o0t of desrvetions vere tilmy, the md dank wetivity
hal dosxvesed as indicated by inerenss in vave astivily
in the a4 bank regim and deorease in turdddity. The
ohservations have boen nade vithat omsidering the
thase of !he tides Wt the tides &0 not exert apyrweiable
affect e the curremt pettern in Wds part of the Kerala
coant vhorve the shareline is almest straight and vhere
there are 0 rivers o stremms joining e sea,

During Junk, when the sud bank has yartially
foxmad, the alemgshere emmpeents of the currents are
slMghtly strenger m the seuthern side than m e
nerthern side of the md bk, The offadvoye flevs are
quite streng (35 enfees,)s During July alee, the
almgshore compnments are alightly strenger on the
southen side of the mad bamit, By Seplember the
almgshore oonponents of the flov have decreased in
strength and the trend of flev is towards scuth vith
speeds generally less than in July.

Thess oconverging almgshove surrenis give xise
to offshore fiovs viish o cwrry finer sedimmnts offehore
and prevest snshexe trampot by waves, Thws lesdlisation
of finer sedimants in suspmaion talws place at the rip
hoad: The ewbhare trmsprt of bedeload by higher pawiod
waves uight bs taling flace a1l along the Xerela scest
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during the premtnsocn and monsoss Nonths and in the
regions of rip flow localisation of high concenmtyations
of suspmnied sediments takes place.

The suthar of this thesis had suzzested (Xurupm
1972) that the movesent of mad bank is the reenlt of
dmges in the lecation of rip flows vhich i determined
by c:amges in the fraction patiern caneed by changes
in the dathymstay aad in the spectrun of waves approsching
the sharelims, The relstive importance of these tWwo
parmmeters {3 Airficult to Jndge, The bDathymstxic changes
dus to deposition of mad in the mad bank region are,
however, gradusl and uniform snd may bo respmsidle for
the slight yesr to year shift in the lgcation of the
mud daxk,

The direciicm of wave approsch in relstion to the
srientation o the ceastline may sleo be vesyponsidls for
the dlevw southvard movenent of the mad barks, The
pedoninnt direstion of wave approad: varies between
WV and VIM whidosn be expected to prodnse a grainal
yosr t0 year scutherly shift of the mad dexc formations
aleng this cosst whish {s criented in the MW « 358
divection, The elative strergth of the alomgshare
ourrents on either side of the mul dank may be respomsille
Zor the slight aloagahere mevensuts exhibited by the mud
nke Wi thin the peried of thelr astivity during & yesr.
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CHAPTER VIX
SUMMARY AND CONCIUSIONS

A datailed survey of the present xnowledge
on the physicel aspests of the md banks has “een
presented in Chapter I, The physigal, geographieal
and gevlogieal aspects of the Kerala goast, the shore-
line and the sea bed and the various views on the
fomation, movensnts axd dissipation of the mud banks
have been digpussed, The scope of the pressnt work
and a descriptiom of the arvea of study have also besn
given in tids Chapter,

Results of Mydrographic Lnvestigations eon-
dugted in the regiom of the mud batk at Purskad during
1971+73 are presamted in Cahpter IX, The seasonal
variations in the hydrographic parsmeters of the med
bark region show glose relationship with the rainfall
during wonsomm and the sessonal Meating during summer
Though the gmeral patterns of distridution and seasonal
wvariations of temperature and salinity of the inshore
vaters at Paraimd are 1dentipal doth in the md bark
region and the surroundings, during the sesson vhen the
md bank §s sctive, the sarfuce and swbesurfaee vaters
in the mad bank show slightly greater éilution compared
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to the waters in the surrounding aves, This dilutiom,
vhioh deoreasss from surface to subsurface waters and

disappears near the dottom, is csused probably by rip-
flove which earry low salinity vater from the meershore
region into the mud bark region,

™he horisontal and wvertical distridutions and
the seasonal variations of the concentration of suspended
matter in the mud bank reglon are discussed in Chapter III,
It 48 seen thut the mud bank rises above the bottom in the
form of a ridged, irregolar, solid come with a flat toy,
The eonoentration of suspended matter attains maximem
wvalues during July vhen the extent of the mud bark &s also
uore, e shape as well as the location of the centre of
the mud bank undergo slight changes within tiw period of
1ts sstivity during a year, ‘

The isolines of comsentration at the surfese and
mid-depth loevels indicats supply of suspended sedinmnt
from either side of the mud bank into the mud bank along the
shallov nearshore region, These Opposing altmgshore flows
give rise to rip flows vhigh carry suspenied sediments
towards of fahore and meet with the onshors bed.losd
transport of sediments by vaves, This leads to localise-
tion of high coneentrations of suspended sediments in the
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vicinity of the 10 m lins, The mud banks appesy
to b famations similar to the censtal !plumest
vhidh have deen identified at certain loeations in
the world vhers thers is comvergencs of coastal
ourrents resalting in a current asxves the shelf,

Ghayter IV mesmts e yemlts of
iaderatery experiments o flsooulation and settle~
st of suspended md wder various salt coosntve
Sions in thres 4ifferent mud samplss from ©e md dexk
region, The flsoculated setilemm$ varies consideredly
vith the grein sise empestition sad the mad of the
mad benk shove olose reaponse to salinity finstase
tias, The results vhen ayplisd t5 the mad dank
region shov that in the mad bank, sven daving the
RORSOGR Seamon, floconlsted settlement rTevails over
deflecculated suspmusion and inddcate that there is
a condimous suyply of suspended md to e water
colvn o9 that the mud bank contimwes to exist

In Chapter ¥V, ths results af textural analysis
of 48 selinent sanples, oellected from © statioms in the
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Parakad mud dank region during different months, are
presented snd discussed, The sand comtent of the
sediments 1 nover above 115 and the elay fraction
varies botween L3, 85X and 71,07 during the period
June to Septenber (veight poreentage)., The clay
eontent decreanes from April to July and shows a
sudden incresse duving September, This may be probably
aie to the increased settlement of suspended material
fyom the overlying vaters during Septeuber, The
denaity of the bottom mud 15 found to be 2,6 ga/ul and
the 18 aity water comtent wariss fyom 59,287 to 72,L7%%

(weight percentage) Detwesn April and July,

Crapter VI desls with vaves and currents in
the region of the mud bank, The orisntation of the
breakers m either side of ¢ mud bark suggests the
possidility of formation of opposing alomgahore currents
and convergenss Of energy caused by vave refraction,
The extant of the mud bank is closely relatsd to the
vave astivity in the swryounding region, The Meher
the vave mstivity, the nore extensive is the mud dank,

™he distridution of currents during the
formative, mature and dlssipating stages of thwe mad
bank shoy that the converging alongshore currents giwe
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rise to offshore flows., Thess offshore flows ean

earry finer sediments offshore and prevent the omwhore
transport by vaves, Thms localisation of fimer
sedinents in suspension takes place at the rip hesd,
The onshore transport of ded.load Yy Meher period
vaves might be taking plavce all along the ooast just
before the monsoon and during the mongoom momths snd

in the regions vhere this mests vith the offshore
transport of suspended matter by the rip M,rmﬁm
of mid banks tokes plage. With the deoreess inm vave
activity during September, the supply of /udimh in
suspension from both the onshore and offshore directions
deoreases. Also, the increase in salinity during the
post-nongoon nonths enhances settlement of suspended mud
and ths mud dark gradually disappears.

™he predoninent direction of vave approssh in
relation to the orimmtstion of the coastline mey de
responsidle for the slov, southvard, year-to.year
~ovenent of the mu! barks, The relative strength of
the alongshors currents on either side of the md berks
cmused by cbanges in the wave refrastion pattern and the
spestral gompogition of waves may be responsibls for the
slight alongshore movements exhibited Yy the barks during
the pericd of thelr sativity in a year,
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The dsnping of wvaves in the mnd denks is
gemerally stiriduted to the imovease in vissosity o
‘water 4uws %0 swapmsion of =M, nmmm
propeeed ty Adert Binsteln for ccllotial saspensions,
1$ haw desnt shom that viscoxity inoreass &ue t¢
contamination by suspended md at the surface, mide
depth ol at Jovels 1 n abow the bottom in the md
bank region has no appeesish ls effect o he wave
mpiitade, In the mud bk, settlienmt of suapended
md tues place contimmeusly snd the settlad md
remaing {n o lesse, waosneslidated, eose-like state,
The energy sheorption at this visco-slastie bed xffects
e vave desay nore thm e internal W sscalty of
the everiyiag mMi-laden waters,

Results of the investigations on the sessomal
Mi4A) variations of the hydrographio parsssiers
nd suspented md md 1ts floooulation and settlement,
shiysieal properties of the botten sediments and waves
md carrents in the region of the mud benke seng the
Kerals const with apsoisl rererence to the Puvekad wad
baik, have beem presented in this \hesis, The investi-
gations show that the fermation md movement of the
mad bazk is clessly associstod vith e sotivity of
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mpudmwmgmmu
anmmnmmmum
nesrshere regions of the Xerala coast adjsoent to the
backvater system, The looatiom of the md Dank 4is
decidad By the location of ths sene of converging
littera)l ourrents and the sssociated offshone £low
vhid earries & large qumntity of suspended sediments
ad low sal inity water from W nearsbore reglions,
Huld in suspension 4 mpplied contimonsly to the

=l benk from doth the nesrshore and offehoere dlvee~
ticag the foxmer by vip flews and the latter by We
duwrning sotim of vaves, This supply eompensates
the less dve to settlemnt of i and &ue S0 ourrents
viddh nay take avay some matevidk out of the ares,
The decreass in wave aotivity and the erhmoed settle~
ment lead to the disappearance of the md danks duwring
the pomtamscon months, The stadiss show that the
novenmut of thw mold bark is yelated to e dlrection
of vave sprromsh and the relative strength of the
1ittoral currents on sither side of the mad danik,
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Fig.20 Trizontal distribution of suspended matter (mg/1)
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