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lrr-TRODUCTION

Thc cstuarics aro lilc scmicncloscd coastili

inlets. Thoir I'rcc ctlnttcction tvith thc opon soa

iind tidal pe nctraticll through thc mtruth ol lhc

inicl is their llccilliilr chitracteristic.

-l'he rive r rvatcr disch;trgc, iht; titlal incr'rrsion'

progrcssi()tl alld oxctusi()tl" tlro the main hy-

drr.rclynittnic litctr-ris thill g()vclll thc sr:dimr:n-

t;itittn it.t oslui{rics. r\n cxtcltsivc litcraturc
,,rxisLs ()n ltydrodvnirmics itttd sodinlcntittitln

of cstuitl'ics tll the rvorld {(Dctant 195ti Strua tcn

( 19(r4). Laui'l (19(r8), Hails J. Carr A ( 1975).

Klcin G.D,V. (197rr, Fischcr (1 979), Kennedy

(1982), McCave ( lq82), Grccn Wrlod (1984),

and l-cusscn W.V. ( I 98tt) ) . Altlrough it is so,

thc stucl,v ol' csttlttrit'tc scclintcntittit-ln is ex-

trcntoly cotnplicirtctl. The lluviitl and ntarinrr

rcgitttcs itll'ttcncc tho tlitnsl)oltittion. ertlsitln

trncl tlcllositiotl ill cstttirrics. rvhiclt irdcl ttl tltc

t'otnPlcxi tl' t )l thc sittlilti')ll'
-t'hr: si ur.ly u I'csl.uiirinc sctJ ittlcnla tit)11 []as {itth-
crcd nromulltltnl -\illcc [ast dccittlc oL so' N4any

rll thc u'orld clslttitl'i(:s ilIC silting ttll duc ltl

hcavir scclittlcnt supply. Thc mctallic. non
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.\tlsl,t{{lll': l'he Konkan csturries arc coutplex \\'aler svsltrllls due lo scasonalll cltallr:inr:

scdimeur inpLit and ch:rnUing hvdlodvnlutics. r\ tnolc cottlplicltcJ issuc jn Ih('Sedilllclrtalitrn t)l'

tlrtse csiuaries is the shiiting ot-srdill)cnt tonccntralion zol1cs alottgrt'illt lidal ilcursion artd

cxctirsiott. as l cll as rivct rt'ltel inlltl1. 'l'his papcl trics to idcnli[v thc nalutc atrd pattcrn ol shiltint

se.linrcnr c()rlrcrttlion zonrs in I);iLrganga rsluar\ localtd irt'l hanc tlislricl ot lvhharrshlr:r'

rnr:tallic and biologicirl I'locculation is ilt ill-
crcaso due to thc input ol larqc q.Llautunl ol

Chcmical pollutants jrt thcsc inlcts. Scdinttu-
tatiorl is at risc and drcdginq ol'thc cstuarinc

tidal channcls hitsbccotttu itlt urgcnt rtecessity'

Thc cstuaries o[ ths \\'cst coitst ol lndia, itl-

thouqh stnall. llarrow irnd cltlngated inlets

along the littoral arc t;uitc sigttil'icant as rc-

girrds tltcir liydrtldvt.tattiics itncl scdintcntit-

tion. Not tttttch rvork has bccrl dotlc on tltcs<:

salincwatcrccosyslollls.'['ht:rc itrc. ol coulsc,

a I'crv local stutlics dcvotcd to ntorpholtlgy ol
Kr.rnkan ittlcts (Bclgatli ( 1(X)0),I(arlcktrr ( 1 9li-5,

1993) but thcrc is not a singlc c()mprchollsivo

study which considt: rs hydroloqical basis ot'

scclimcntittirttt. A detirilctl stLrdv ol il l'cu'

Konkan cstuttrics was cilrricd rlrtt llv tltc itt"t-

thors ancl Iht: lt1'droloqiclrI trItd scdittlctltoIogi-

caI aspct:L\ ()l' tllcsc cstLlilrics ritltging I'rotn

nlicr() t() maero tiditl cttviLotllllcllts rvcrc dis-

cussccl (Karlckirr I99-l). 'l-he stLrJy. Iltlu'cr'{:r,

is in nit wav it ctlt'nplctc itttitlysi5, tll'Kottkan
cstuarics and it is nc('e-\sirl'y thilt it is sullplc-

mcntctl by many nl()Io sucil stLrdics a[ol1g thc

sa id ctlast.
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A nrorc contplicatcd issLrc in thc
scdimentation ol Kttnkan cstuar-
ics is thc scasonal shilt in thc
irrcas ol' scdimcnt dcposition
rvithin thc inlct. Thc zonc ol'
nraxi nr unr scd imcnta tion deposi-
tion kcclls shilting scasonally.
Thc tid;rl ransc. the ohb ticlc dc-
lay, lcnuth ol' tlrc cstuury. thc
rrvcrilll shorclinc crnl'iguratittn
rrnd thc supply ttl ['rchrvater
lhrr)uuh thc rivcr i4tpcar to bt:
rntrst dccisit s lactors in thc scdi-
rllent concclltriltiolt and scttl ing
in Konkan cstrutries.

lt is csscntial thirt thc trends in thc
scdinrcntirtion ol' :t spccil'ic cstu-
irry arc knorvn irnd thc rrleirs rll'
rntrxintum scd intcrrLirl.ittn ;rrc idcn-
tilicrl.

This ptrpcr trics t0 rccoqrrisr: such
trcnds antl zt-lncs ol' ntaximurn
scdimcnt concentrur tioll in
Bir ngansa cstuary. A distinct sh ili
in Ii'rc arcir r.rl'rn;rxinrum scdinrcnt
('()nccutriltion is iclentit'icd and
discusscd in tltc litlkt',r.,ing pagcs.

1'IIE FIELD SITB
'l'hc sitc ol' invcstigation is the
tidal mouth ol thc rivcr Bir ngangil
in Thanc d istrict tll' Ma harirshtra.
(Fig. t). lt is polrularly krrown as
Uchcli Crcck 1t90 48,N anc! 730
13' E). It is an illtp()rtatrt csluary
in Pirlghlr r Talukir irnd lhc rirllirily
dccrcasing I'ish catch cluc to rc-
leirse of ncirrhv'firrirpur intlustriir I

wastcs in thc inlct has bccn a

rnattcr tll'grcilt conccrn in last lbw
ycars. Thc arctr is also al'ltctcd by
l'lcirch crosiolt lrttd tltrnsgrcssirln
tll-sca (Da ily M a har;rshtrir Timcs,
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Bombal,). Tl'le easturainc channcl is -5'9 km'

long. The avcragc daily tidal rangc is 
1 

9 
'rt

ThJticlal rtischarge througlt thc cstuary in lair

rveirther scason is cstimated to bc itbou 13659'2

m3/scc. Etrtr ticlc tlclay period in the estuary

rvas rtl'rserved tr-t bc t htlur antl 40 minutcs in

prc m()nso(')n period. Thcre is it largc input ot'

'chcmical cl'llucnLs in the ostuary lrom the

neirrby inclustrial unils' A macrotidal rangc is

Lcsponsiblc [br nrorc ava ilirbility oI salt rvatcr'

Thc srrlt rvatcr nnd lrcsh wator ratit-t kccps tln

chirnging according ttl scasons'

Tlrc cstuarinc chitnncl is 1'3 rn dcep atcbtr and

2.2 m clccP lrl tlood tidc'

DATA ACQUISITION AND METHOD

Ot] STUDY

Thc liclt1 sitc was visilcd itt prc monsoon'

fi'lotlsool'l ancl post mollsooll seAs()ll tll' thrcc

succcssive yciirs lrom 1i)90 to 1992' ln addi-

tion ttl thc gctlmtlrphic: mapping oI scdinlen-

urry lbtrturcs in anrJ arclut'tcl thc crstuary' surlacc

ru,,t t. sun plcs werc collcctcd in cach scasoll

lnrm 30 diltcretrt placcs at llood tide as wcll as

cbtr titlc. Thc ticlirl circulation pattcrn was

stucticcl try rclcasing a traccr dyc 'Rhtldanlinc

B'.'['he vcltlc i ty o l' t iclal curlol)t was mcasurcd

sintultancousl,v ncitr tnouth, in mid cstLlilry

antl ncar thc hcad ol tltc cstttary' Thc quantity

o l s uspcnd ocl sccl itnc n t i n tlnc l i trc u'a tor sa m plc

crlltcctctl l'rotn vitriotts plztccs wils dctcrminod

by situplc I'iltration tcchniquc.'fhc u'atcr auitly-

.i, .",i. carricd out t() otrtain thc cloctrical

contltctivity and salinitry ttl'tlrc rvlttcr' All thc

?rspocts ol' cstuarinc gctltnrlrphrllogy rvcre stud-

iccl. Hrltt,cvcr, rlnly tlte itreits tl[' utitxitttum

scclinrcnt collcclltra tion itnd thc ir scttsonal shi lt

is discusscd in this PaPcr'

DEPOSI.'f IONAL RE[L\VIOUR OF

PAIi.TI C I.] LATE ]\IAT'TT'R

Itr itnl'Lrstllary. lhcrc cxist ntlnlcrous possibili-

tics lilr tl'ansport ancl scttling 111' 5'tl-spendcd

matter. Basically' it is qorrcrncd lly varying

conditiolls ol salinity. Thc salinity shorvs itl't

increasing trcntl towards hcitd in prc and ptlst

monsoL)n. Thesc arc thc scas()ns in rvhich

Konkan cstuaries are chltracteriscd by distittct

salinity front 3 to 4 knis I'rtlm the cntrattce ol

thc csiuary. Therc is a tt-rtal rcvorsitl ol thcse

salinities in monsoon tluc ttl licsh watcr lltlrv'

The matcrial in suspcnsitln is largcly dcrivcd

l'rom estuari nc ma rgins. Thc cbbing tidc brings

all the matcrial itr lorvcr cstuilly zollc' Tltc

l'looding induccs pondinu' lvlorc llooding

rcclistributcs tho materiill throughottt thc cross

scc:tittnal areil tll'thc cstr'rilry' This cbh and

l'low crclltcs ctlmplcx pilttcrns ol' suspcndcd

scclimcnt ctlnccntration' Morctlvcr' thc lino

scclimcnts show it tcndency ttl lorm ctllltlides

clnc tt-l ctlaqulatiot't itnd sttbscclr"rcnt disaggrc-

gation o[ llocculatccl mittcriitl'

Srtch tt ctlmlllcx phcntlnicttttn is tttlrm:rll,v stud-

ic:d lty clctr.imining thc anlount o['suspcndcd

mattcr in surtacc rvatcr sitmples at Uttrv ancl

cbb (Evarrs ct all 1975)' Thc ditlcrcncc hc-

trvecn l'lotrtJ titJc suspe Ittlctl sctlittte nt ttttd cbl't

tidc susllcndctl scclittlcttt ilt a llunlbcr ol' lixcd

placcs in csttrary is citlculittctl' The ratc o1'

.scdimcnurtit)n citn alstl bc dctcrmincd lty us-

ing McCavc's formrtla (lvlcCavc 19'82) (RC =

Cbu, x 103 mg/cm/scc; rvhcrc Rc is rittc tll'

scdintcntittitln Cb is tltc crlttcclttratitln ol sus-

pcndcd sctlimcnt ol' scttl irrg vclocitv 11'/cn1)'

Thc tcchnitlr'rcs t-tsccl ilre not totillly crror[roc as

thc clistributitln ol'suspcndcd scdinrcnt is a

lunctiotl oI' trydrautic sorting' ['ltlu' intcnsit'v'

attd sizc, shapc ancl rlcrtsity ()l'milttor' Ncvcr-

tlrclcss it hclps in giving it bcttcr itJsit tlt'zones

ol' sctjimcnt cclnccrltrittitln' wltich itrc othcr-

rvisc ntlt vcry cilsy trl loclttc'

Thc composite mitgr ol'gcilmorphic irnd scdi-

mcntary lcrtturcs ot' thc t'icltt sitc (Fig' 2)

shorvs cxte nsivc mud I'lirts clc:r'cltlllcd all ovcr

thc inlct. Avery nitll()w tltrod titlc ch:tnncl is
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nririnliuncd in thc cstuirrv \\'hich is .loincd by
many cbb tidc channcls lrom thr: mucl l1als.
Tlu: flood vclocity ncar'mouth is 46.4 cm. see.

u,hich iucrcascs to 46.ti ncitr hcad. Ehl'r vcloc-
it1, ncar hcad is still highcr, i.c. 47.5 cnt/scc.
Nc:rr mtlurh cbb ve locity is 4(r.2cm/sec.'Ihcrc
is Ittl prtlqrcSSivC incrcitsc ()r dCCfeitsg in I'lood
irnd cbt'r vclocity. Vclocity ol' tidal cLlrrcnls
shorvs within inlctvariutions due ttr clockrvisc
llood circulation ancl lnticloscrvisc e hb circu-
lation pirltcrn. Thc sirnci ltirrs, thc bcachcs and
duncs borclcring thc litttlra I arc thc ntain sr)urccs
ol'scdimcuts in irilclition trt csturrrinc ntilrqins.
chirnncl banks and intcrlidirl llirts. The:rc is
thus a hcavv input ul'scdimcnts irr Birnqanga
cstLlilrv. Most ol it rcr.nrr ins in cstrrary until it
is linally dcpositctl rurd a vcry insigniticant
ploporl.ion probir [ll y.

SEDIIVIENI' DEPOSITION IN PRE-
MONSOON

l'hc dil'l'crcrrco bclrvcct.r Ilrrtcl tidc suspr:ndccl
sedimcnt matcrial SSM and cbh tidc SSNI ar
30 sampling sitcs u,as plottcd anci a linc ol'no
diljcrencc was drau,n to soparatc the zttnc ol
high tidc;rnd Ittu, tido scdimcnl. c()tlccntriltiou
(Fig. 3). It is vcr), intcrt:sting t() scc l.hat tho

l' | ',il 5and 6a rSL* Beaches

fffi{lDunn'

EHI srtt P.nt

nMfifrErposed Bearh
Rork

ffffnTITIl Mud Ftatst@ (MurrhesiSwamps)

NI littorat Terrace

zottc ol l()w tidc scclinruntirtitltr is thc soul,hcrn
part ol'thc inlct. Thc nttrthcrn part is cxclu-
sivcly an arca ol'high tide scdimcntation. Thc
ponding cl'lcct is nlorc pr()nouncer.l in thc
nurthcrn pail ol'thc inlct irl high tidc in prc

morls()on, sincc thcrc is not nruch li'csh supllll
l'rorn thc land. It can hc secn l'rom Fig. 2 that
llood ;rnd cbb titlc vclocitics do not dil'l'cr
much in this part ol thc cstuary. Tidal watcr
rcmains nlorc ()r lcss stagnirnt. Thc lorv tidi:
l'lorvs in uppor parts havc tr drirq and watcr
shows ponding in soul.hcrn lliril whorc consitl-
crablc amount oI SSM is bror-rqhl. by cb[-r ticlcrs

from thc uppcr part ol thc cstuary. It u'irs

chcckcd in tltc I'icld [Ty rcpctitivc sampling ancl

conl'irmcd that thc chh tidc SSM is alu,ays
morc in the southcrn pirrt thun iu rtortlrcrn pirrt
0l-the inlct in ptc Ir1()lts()()n scas()n.

SEDIMEN'I DBPOSITIOI\ IN POST.
NIONSOON

lmnrcdiatcly al'tc:r thc nr()nso()n. u.'hcn thcrc is
still somc lrcsh rvatcr inpLlt t() tltc cstuitry.
pilttcrn ot'SSM conccntration is dit'lbrcnt. It
wirs sccn that thc cblt titlc SSM conccntratitln
is nrorc all itlong thc cctttritIseourccl cl.titnncl.

Rcst ol thc inlcl irrca is ir sccn(' ol higlt trili'

0 440 M

N
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, SAMPLT

SITES

FI6.3

SEDINIEN'I' DE['OSI TION IN
MONSOON

No distinct trcnd could bc idcntilicd in thc cbh
and llood tidc distribLrtion ol'SSM in mon-
soon. This rvas mitinll, duc to thc tttixirtg rtl'
lidal rvavcs and rivcr l'Lrrv in thc irtlct. Tltc
arcas ol lklocl and chb tidc ntaxinrum SSM
c0ncctttratitltt in nttlnso(\n ;lrc vcry unstir[)lo

ttnd qutckli, Il.lorgc itlto ttttc tttltcr.

I SAMPL t
5I TES

FI6. /-

N

I

scdinicnts. 'l'hc clongatcd ridgc ol cbb trdc
sedintcnts ovcr thc tidal channcl is a clcar
indication ol' conccntratcd ebb l)ow supplc-
mcntcd hy rcsidualrivcr line llo$,thror.rgh thc
clranncl. At high tidc duc: to stk)ng tidirl
incursitln. tho lnovcmcnt ol'l're sh walcr ll()w is
arrc.rtcd, lcading to thc distrihution ol scdi-
nrcnts all ovcr thc estLrirrli. (Fig. 4).

BAN6AN6A ESTUARY { POST MONSOON SEDIMENTATION)

H.T,S.- HI6H TI0E SEDII,IENTAII0N
i.T.S. = LOW TIDE SEOIMENTATION
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CONCLUSION

lt is concludcd from the ahovc discussion that
the pattcrn ol'SSM conccntration and thcrc-
lirrc thc scdinrcn(ation kccps c,hanging rvith
thc stagc ol'tidc and thc scason. In a l'ull tidal
c:yclc ol' 12 hours duration, thcre is a total
changc in the ostuary as regards the scdimen-

tation. Holcvcr throuqhout a scason a spc-
cil'ic pattcrn secms rcpcating with tidal stagc

rvith minor variations. Monsoon is a scason ol'
disturbed coudil.ions o[' scdimcntation duo tr-t

mixing. Immediatcly altcr nrttnsoon. thc
scourcd tidal channcl dictatcs the pattcrn tll
scdimcntation whcrcas in prc rnonsotrn thc

tidal incursion alonc dctcrmincs thc sc:clinrcn-

tatitltl.

Table I

AVERAGE SUSPENDED SBDTMBNT CONCENTRATION FOR 3 YEARS
(BET. I99O AND 1992) IN PPNI

Pclst Mclnsoon Samplc Site: Prc l\4tlnsturn

Flood Ebb Flood Bb[-.

396

405

419

430

433

442

445

403

3(t6

409

423

121

.1,S7

567

217

103

82

41()

413

3li0

359

J+/

280

50(x)

321

I (X)

l().1

2(r0

550

7-5( )

r037

l.J(i(.)

14.s7

330

267

39 71

-5

1

t0

1l

l5

t7

26

29

Ttble 2

SEDII\{ENTATION RATE (Gil,ITItE) F]OR 6 HRS OF FLOOD i\ND El}It

Ptlst Monsoon Samplc Sitc Prc Mortstrort

Flood Ebb FIood Llbtr

2q.21

29.19

2q.18

30.62

31 .6ii

32.5 r

32.7,1

JJ.J+

30.()l

3().92

31 .9S

.r l.E3

32.21

j(r.li2
.12.s7

.1.{.78

31

24.9-s

2(r.-l(r

3t.22

2E.73

.l9.El

26.23

4t.5E

2q.19

19.6(r

4l.5ii
-it1.70

l().s I

7S.40

l()-1.50

t 19.io

1

4

_5

7

Ir)

il

lrl
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'Ialrle 2 (cottttl.)

5l

Post Mttnsrton Samplc Sitc Prc Monsoott

Flood Ebb Flood Ehb

3_i.42

33.64

33. 19

32.13

30.47

27.68

2(t.91

t5

11

18

24

26

29

30

20.94

3.5.3|i

22.23

17.01

9t).94

7.79

6.20

2.12

378

226.8

31.25
'tr' 11

7.56

I 1.49

112.12
"7.q1

(r0.78

4().15

39.r6
25

29.19

Sliuhtly similar kind o1'l:)itltcrn in sedimcnta-

ticrn lras bccn idcntil'icd try Bullcr A.1-. at trl
(1975) lbr T:ry ostuary. Thcy havc ttbsonc:d

that during pcrittds r.ll' mttdcratc rivcr dis-

c:hargc ancl rolativcly quitc mitrinc conditions
thc lluvial suspcndcd soclimcnts cntcring the

cstuary arc kru,. Most ttl'Lhc ntatoriit I in estuitry

is dcrivcd l'rrm cstuitry mitrgitls. At l'ltlod tidt:

the intortidal llitLs ilrc ctltcred lly it shalltlrv
body ol wittcr. At ebb, thc rvatcr highly chargcd

u,ith SSM clrains latcralh,. Solnc u'alcr is
pondcd b,rr tidat t'looding frot't.t scit.

It liI,'r,;l{ l,lNC l,:s

\/i:rlag. London.

l'cn nsv l vrn i a.

sclin etrt rh n,tmit.t il txl scJi n.'t!t illi(ryr, cd. l la ils a ttd ( -a rr. .lo h rr Wilc r'. J .o ndo n'

f)clant A. llLl-5S). ,l:bb un<l .llt,'r'. llnire rsrtl ol lvliclrigan. ('arrada.

Nt:itfshorc r/-rrr,rnri..s ilil1 r-L.Liimenldiorr Cd. Ilails 26gl C;lrr..loltl: Wilcv. I.,otl.lon.

York.

\zrrl. JQ. I-llscricr. ( )xliltl.

Ilarls.l. aurl i'arr.A. ( lt)15\. ,\'ctrsfu,t'.: .\&!i'tlcttt lt'ntntits urul s,tlinuttirtioir. John Wilc1 atld Sons. [.()l]d()ll.

crryirotttttcnl. l)h1':itrrl prc'cc:t.:ts irt t's!urttics e d. l.cttsson \\'.V. Springe r Vcrlag. I-ontlon
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