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Ke,.Ja S1a. hal • ma.t line of J60 kllo.-tm extencln, from

lOuth to north with. hup ..... rwe of ..."'dntef. SlftClt I"»"'....r

I. • ...plenl.hahJe ...10Ufelf, there II ample lcope fOf 111 dneJopment.

TrichUf d.trld II he viI' , • maltal lensth of "ldlom.t..... The lud.CIt

FoJoalcaJ fe.tures of Trtchur coaltal belt malnl, mn"11I of fine .nd,

meet"" to (X)8ne sand .nd d.,.
In maltal .....1, fresh water req"remen1l for Industry, ."cUt~

.nd cbmeldc weI are often met from S'OWtd ."••, ....UfO" as the

water from the ,urfaelf sourClfI .re either polluted 0' Ins"fldent.

Effldent manapment and enlf' of Iftuftd watltr systems call for

acetnte predetlon of the procr.. of •• water IntrUlion Into maltal

.qdfers. Studf's ....rdn' ~ avallablUty of fresh groU'td water and

I1s protection from "a water hal become acute durlnl the current

century aU owr the world.

Con1amlnadon of lurface and l'O",ctwa.r by IntrUllon of ..Unity

from the ... II a mmmon probwm In the e»a.tal belt of KelaJa. MOlt

of the CDmmon empl cannot pow ",.r .JI"" -.etdons and thus a@fl

cultural productivity of caa.tal reatonl I' aff.cted. The paddy fleJeII

of Kuttanad ......, Is .ffeewd by the In ...... of sea wa.r Into fre.h

water either throuah d*1 lurp' or throuah lib 1011 ...... The ••

w.ter IntrUilon Itructures b..Jt In the Kut1anad region help to prewnt



the flow of .UftI' ..ter Into the .hen and badcw.ten to lOme

.x."t.

When ma.ta••qwfen CDIM In e-.ct with tht OClfan freshwater

II dlchar." Into the oat.n. Sometime. the ••w.rd flow of l'O"ulwate"

.cre.... 0' e..,. IIts reve_d with tM Incre...d extraction of 8fOtI'lo

wa.r. Th. the tea",.te, hal a ten*ncy to nte, Into tM aeruf.n.
Thi. phenomenon II mlkcf .....ter IntrUllen. Thll occun dut to _slty

CUfl'ft'ts and tI.J .don. TM dlnslt, currentl occur .. to the _slty

dff.renee. ~twHn ......r and f ....h 91._'. TM pNbl.m of aUnlt,

Intr.lon atn ~ daalfl.d Into two Ift'. aa»rdng to the nature' of

occurrenC!'. TMy aM (I) aUnlt, Intnakm of surfaee waten .uch a.

that throuth the l'.t.rln. rivers (2) aUnlty IntrUllon Into maltal .quf.n.

TM pretent It,"" "II with the Jan.r.

Un.r natural condtlonJ 1M .1..- of the we.r tabJt' is towarefs

the Ha, IInee the flow of fre.h watt'r -".rds the It'a mlBt CDrnt' into

beJane» with the s'C)Pl, from tht raln1aJl Infiltration. When lteady

CDRdtlonl pre." In the PO"''' watln .,.tlm at a Q)ftI.nt se. lewJ,

a state of t'quJlbrhrn wUJ b. "1Ilb1l..... be"".n ttw R. wate, and

the f,..h watt', flowing thlOu!h the _qufer which wlJl J.ad to the

formatlcn of a I.ady sea water - freth water InterfaG. How.""

any dian. In the mean ..a le"J or In 1M fNIh wattr dlchar. dut

to t'xcnal" wlthdra..J or redlar. wlJJ ernte • chan.. In the ..,eral

flIuJtbrhm aoncltlonl cawlnl the Intt'rfae» to mo" to • MW equUbrhm

poll1lon throup • traMlnt •••• 5ea1Ona1 fluctuation. In ..a Je"1
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alia contrlb..- to the In••ldNa of tM tn.rflu. The tn~al~ of

fresh water dlcha,. wlU aa ... a ...ward moWrMnt and I rectuctlon

In dlacharge will eMIle • landwant movement. The lonner I. called

.. • retre.tlng Interf.ce Ind latter _ an advll'Ciftl Interface. The

edvlltd,. InterflCe II • common occurrence • the explolt.tlon of ground

water relCUfCeI by large scale p\Illplng I. being .ttempted In VerlOlll

parts of the world. In such cases It become. .U the more Imponillt

to pntdlct the r.te " extent of movement of the Interface.

The present .tudy w. conducted In three vUJagel near the coast

line of Trichur district ftMnely N.ttlka. Te1lkul.,.. and Edamuttom. The

mlln objective of the study was to check whether there i5 sea water

l"t.....oo problem 1ft the present sltu.~n and If not find the chances

of lntrulioft with funher explolt.tlo" of IroWtd w.ter. The study enables

one to predict the safe r.te at which the a"llllb" lround weter NIOUl'CeI

.t • lite CM be exploited without lIlY fear of .alt w.ter Intrusion.





RIft!- ap LII'EltATURI!

One of the e.....t ,.,.111 of •• ..ter ".tRlllon •• pubUlhed

by 8rllth.llte (11-'0). He delcrlbed the mere..... lalInlty of ••ten

punped from _lis In London InCI Lherpoolt Ene1and. (Todd, 19")

GhJben (lU9) COfIducted ltudlel 0.. •• .ater a..tnwio.. In the

Dutch COIl1 eel ._.Ioped . theo..dcal "dation. The 11m. ...latAon

•• ".."ted Independently by Her.&be11 (1901) fNm ._n.tlon .t

the Genn. co.t. The rel.tlon •• derl_ fNm the -.unptlon that,

at equUlbrlwn conctltlon, the IntedlCe •• ltead)' end the prellure

.t • point on It from either .de .. lame. A MCOnd -.nptlon ••

that hydmtatlc p.......,. dlltrlbutlen ....t In the porous meeth.... Thele

two -.nptlona lead to • tlplflCII't relad..., Yo • So' Q where Yo

I. the depth of Intedace be... m.... •• level, So a. the hei&ht of

the 'nae IUrfICe "ve m.. •• level 1M G II the excell deMIt)'

ratio. TNI .tatlc equUlbrlwn theory ..... an developl,. b.ac equ.tion

for m.... complex aapec:tI of the .ntftlllOft p_!em. (redel, 1"')

8ro_ U92') had checMd the yaJlclity of Ghyben-Herzbel1

.t.tic equlDbrlwn theory 'rem field InYelt1l....... Iftd utlbUshed the

..fulneu of the theory •• flnt tppl'Ulmadon for funtler .tudle..

He ,.,erted th.t fresh w.ter dIIchaqe could be obaerved on the co.tal

line Ibow m•••• lewl. The c:oncept accepted w. that the actual

IntedlCe •• below the .. lUll-ted by G"'IMm-Herzbe....



Hubben U9.a) CONI.... ..,.,.,ac at.. of IIquIdI for .....,.

... equetloft for 'tttftlllert. He IWPO"'" that .led., IlteN'" •

flo.. tppnlChed the outlet due to the con....... n.... of the Interface.

He Idded th.. the "'terface hed a cone.. 1Il..- with respect to the

fNth ...ter.

TCHIId (I"') had doM much _rk Oft the ,..Iem of ........r

Ifttl'Ullon .. the Utt"enlIY 01 Callfoml.. TNt ..... ltdt*cl • compte-....... ..r..... ....arc:h Ott Ie, rIntrulkttt " 111 certtrel. He

derl_ ......... for ....ant fNlh r flo...

! Y. • Yf Itb2
q • 2 (a.. Vf ) T 2.1

wheN q II the ....ant fNih ....r flow, Tf IftCI y. ere fNlh ....aI.

w.ter NlplCtI_Jy. L I. the leftBth of ilttnlllon IIId b I. the

thle of the ....fer.

He IUlP'ted fl. methode for COR'".''' Intnllhtn. The methode

(.) Nductl... or Narr'"lfJmel't of pane". of ptmplftl draft

(b) diNe! .-cherie

(c) ....Iopmettt .f • pwn"" t"'Ulh t to the coat

(d) m."tnee of • I ..... ....r rldp M' lewl .... the co.t

(e) cettltftlCtlon of anlfldal MlUfface b ,.



Clove, O",).-rted no flew In salt water for II' abrupt

Interfce bet... the fresh ect Nlt water Ind .ave In ..adOl' of

the Interface for .. aquifer with a horlaontal ouUiow feee.

Y2 1J.gJz l2t
c 0 K + [ ok ]

-here Y Is the depth of the InterflCe below me", .a leMI,

Q as the fresh water dlsch8l1e, X as the dlst.ce fnnn the co.t to

the Interfece, CI Is the exCftl deNlty ratio _ k II the effective coeffi

cient of penne.lIlty.

Hettry (I"') save a theorldcat treatment of steady I.ete problem

of .a water .".nat... 1ft a conflNd aquifer with _ without ."""'01'
ect derlwd theorldcal equatiON for the shipe and locatio,. of the

InterflCe end for the boWtdary conditions. The equation for confined

",fer with a horizontal outflow bee w. II"" below.

2••

-heN Y II the depth of the Interface below me., .a le..l,

a Is the exceu "'ty rado, Yo and Xo are the co-onft"ates of the



.....rfa::e, X it the "Ieee tftNn tile co.t to the htterfa::e Q II the fl'Uh

••r date"". ""' k Is the effec:1Iw coeffldettt of penne"Uty.

The depth .f In...rf.. .t the outflow flCe Yo for • confined ....f.r

with • verde" outflow face Wet obt.ned _ ~_ for confined

"'f.r.~

Runer IIKI Herlem., O"J) .rheel ., epproJdmete ecpaetkm

fer the _ledty of "",vement of the •• • , _.. Into • fresh

....r ....ter ..... it •• sudetenly expoeed to the ter.

'T • (aKD/. nt)1/2

""N VT II the _ledty of tbe _die tee .t 1Ime 'tt, a II the

.... denalty ratio K II the effectl.. coefflclettt of pennelbiUty _

It it the PONaity. TNI equetlon •• not .eNrelly UIed bee.... e_

.f ....... expo... of ., equAfer to •• W., W. Nt .f." met with

In ltatuN.

They derl_ ., .....cm fer ....n1Itrfece .... COftflMd ....fer

with ...f1k:al outf•• 'lICe with Dupult'l .,N••tIon.

_ ,Inl X AoJ1 1/2
Y.~ • 0."'CR' ]

- ..,. Y .1 the cJepth .f the rfece from the me. •• leftl,

Q I. the fNSh •••r dlec....... I " ratl.. x 'I the



cbttnee f.-m c..t to Inte"" ... k I. the elfeedYe coelftdent

of penna.Ulty.

Ch....OIIm. (I''') wed • new ......ech to ...._ • axect

equden vllld for 1ItCO,"lned aquila... He observed the behnour

of the flow boWtd...... end stNIm II.... In the cemp1ex potendel pl..

• wed tome appreJdmetiona to enhe at ........on for the Interf-=e

In .. unconfined aquifer with e he.......eI ouUJow feee.

2.1

"he.. X I. the Senath of the lit...... I. the excess deMity

ratio, I( II the affeedYe coefficient .f penna.Ulty, Y Is the depth

of the Interface end Q I. the fresh we.r dllCh....e. He ..wned •

free aurfece .d nealected the ..,. face abo.. me.... level.

He preceeded to compere the IOJudo" with that for conflnect

....fen. He errIwd at the ctmd• .,. that the error In the Interface

p~fl" by IPPNxlm.... • unconfined flow c_ to that of • cenflned

ON •• tbout 2.6 per cent It the ... JIM .... 1.) per cent et Infinite

"tance 'nmt the ... Une.

Colt1ftbul (1''') ••Ioped ..~ for the ....tb of IntfUllen,

ce.....fl..... NCh..... Into the WICOItfIMd aquifer.

0.7.12 (~ ••Lt

2 Qy aK (l +e)



llhere L I. the ..til of lt1tlUllon, I. the eaceu deMity r.tlo,

K I. the effecd.. cee'!ldet .f pennetblUty, D II the depth of the

.ler below me. Ie. leveL Q,- II the Utit cfIIchMp enten,. the

.....er .. the toe of the Int"'*d wdBe Ind • I. the r. of dllChtrp

per WIlt ..... fNln the SrvWMf level aupp1lect for the entire Juath from

the c._t nne•

• hen •• 0, ",_0" becom..

2.10

He Inveadl"" the problem experimefttttlly with • '¥IICeUi

...,iL..... model ..,. ."t .tter dI.dUecS ••ter. Hil e,..rlm.1I

.wed thet the equ.tlort for the th of Intl'Ullort ,pnerelly fitl

well with experlmentel NIUlti except ne.r the outflow feee.

Ippen (19'6) conducted the .el.nlty Intrusion expertmentl I,.

tid" flume of the ••ter .8)" experlmtmt Itetiolt In VllcIbur8. MI......ppI.
I

8111e facten love.... the lelIt1Ity fbtdbutkm In eatuartes were the

effect of the tide """uahout tlw .,. IfttMIon ..,.th, the effect

.f Irevlt...... fon:et d.. to denIlty etIonI between fNih w.ter

from upl.d lOutees _ .allM .ater ented,. from the ... IIMt the

Irmtatkmel forc:es ..e'" to pIMuce • Nt _ ..aN 'r""PO" of fNlh

••,. The result ••• complete delcrlptlon of the clttrtbutlon of

me.. leeal .......ty """uahout the _tury .f ......"" leCtIon IIMt for



which the tlelal c:ondItlo.. I" the ..tUllY, oce••allnlty and fNlh .ntr

flo. we... leN"'" I" IdcJItI." to the aeometry ancJ rougtw.tD .f the

chene!.

Vtpplcha U97') hid .... experimental and .a1ytlcal 1,,",tI

a.d- on the ch_.cterlatlca .f .te., .cs tr........ a"terf.cea. The

e.,.rlmet. ""'11 es.lbUlhecJ the v....ty of the hypothesi. employed

I" ••lepI,. the ..1utlo,,- Aft explicit ........ w. cJerlvecJ for the

••., InterflCe p",lIle In .. \ItCO"IINcJ .'.r with a wertlcal outflow

face. equ.tIon for the Interface w....... by

2
X • U + a) [2K~ - O·l~Q] 2.11

-he... X I. the 1ett&th of 1M""'" • II the e... deMIt)' ratio,

Y I. the depth of the IqUlfer, K II the coefflclettt .f permeabiUty

.... Q I. the fNlh .ater cJlachllle.

He COld.. that for determl.... the ....th of lntrulten I"

• flrtlte depth "-1er, the equdon of the I"terface prelile coulcJ be

wect the .,th of Interface at co.tal f,.,.t for .. unQNtfined IqUlfer
,

with • vertical .utt•• face w. 0.722 IQJ.. The steady Itate ..luthm

ebtllfted for the I"terface profile w. Nt Oft" ..ful I" locating the

....dace but .. tor f.nnul..... the lnl1l..' COftCItIoM tor • ..,....

tr....l l"terface problem.. •



Roddl !! .!!- (976) reported that the encroactment of .alt

witter could Umlted by cIIlC'*Ima the fifth aroWKI water Into the

se.. They mentioned that wheft lround wlter w. movl,,! I dyn«nk

rather than an hydrostatic equlUbrJum exist between fNlh and 'alt

wlter Ind the depth to the mterface .,. aNater than that fONC.t

by the Ghyben-Herzbell equation. The Inwrfce between fresh II1d

.alt water w. marlcecf by a zone of diffusion and the width of the

zone eftffull"" w. related to the porosity.

VlPPlcha and NcaraJa (1'76) developed., approximlte solution

for the tr","ent interface In iI co.tal aquifer. Adopting the principle

01 qu....teady state .alyals, the b.lc equation w. fonnullted •

an ordln..-y differential equation 01 flnt order. The equation w.
solved ane1ytlcaUy and nwnerical!y for ttne different boundery condition..

The solutlcm w. compared with experimental NsultS from a vltcoUi

flow analol model. The blllc equation "'. alven •

•
2.12

This w. an ontln..-y dlfleNntl" equation defining the variation

of Yo with retpeC1 to time. -heN Yo il the Y cc-ol'dlnate of the

Interface. Qy II the fruh water ditch..... at wetae toe and $ • 0.722.



TN.....tlOfl w. cIe"_ for the 10110"'1 three boundary

cendltI..,..

2.1.3

flhere QT II the ditch..... .. the ..... toe K I. the coefficient

of penn.lbnlty, hu I. the elevatl.I' of lUffece IOUla' level, a I. the

exc:e.. _lIty ratio, 0 I. the depth of ....,er below me. sea level,

La I. the .'.r length L I. the length of .a .ater wedge - Yl I.

the rade of the ec:tueJ fre.h "ater dltch....e to the ditch... obt.ned

'fDm DupuIt" equatiOll.

8. Llneer v.rtdott of 'NIh water dtlChMle at wedBe toe

The frelh wa.r dllCharge w. varied II........, at the wedge

toe from QJ to Q" In time Tc.

2.1.

-here QT I. the dltchMIe at the welge toe Q, I. the Initial

flUh water diacharge, Qff I. the final freah water dllChalge, Tc Is

the time requlrwcl to effect the chinle In surfec:e source level and

t 's the time ......Ie.



.-

c. Sucklen v.....don of fNlh .etet dltch8ll- et "cia_ toe.

)
jt.~_Jl.ia",,- [ D. +)D _ .Y ]]
~ y2 0

o

Thl....tiOlt •• solved by exact 1ftCl1Ine..uect IOlution.

2.1'

t •

2.16

where t I. the time

A = ' Qt!
--rr+iJ'8"i\

8 • , 91<
U + 0) S2n

C • 0 3

E • JD

Ci • -.



2.17

v0 Is the .pth of Interface a t outflow face. Vol Is the Inl tlaJ .JUt

of Yo' Vot II tM final _Iut of Vo a"d V. II 1M a..ra••Iut of

Vol and Yo'·

The ..........cfp s.tt anal,.s emplo,ed fo, p..detln. the I"ter

face mo..ment ",.r .rI.w ""'." condtlonl II" a IlmpJe pIeCe'"

to a,rI" at applUlmate .lutIeN '0' the transl...t Interface plObJem

elthe, In the adWand",., ..tmtln, con.ttons.

Io e, (1971) ..ported that aJtwater co~d mow ....rd Into

the f ...h "'d water In aq~'en ",erlaln b, aJIM wa.r. The p.."pln.

of wate, 'rom the weUs cawed 1M 'lesh water alt water Interface

to rI.. below the weU. Thil uponIn, wal In ........ to the p".eft

...tlon an the Inttrface cIut to "wen of the watt, .bJe ann"d

the well. If the bottom of the weU wal dole to the aUne wate, and

the ....,. was ..IeUwl, hi.. 1htn ... dICM,. co~d be a mlxt....

of 'Ie. a"elaJine ..."'d ...tt,.



Danl.. !! Ib 0'7') ......4 on ....wface 1ft•••, Int,.-Ian

ba,rt., .nalpl.. They centtrue.4 an exptrtfMft1ll1 ....Ul'face ba,rI.,
In ••mall b d .U.y on M''''Jlma "nel, 3apan. Tht purpo...

was to Inc tht ..-.bl••to... of ......4 wate, within tht .q"f.',
.nd tIt.- Imple"'n, tht ••U.bUIt, .f we.r for I,rllltion. Modflcatlon

of p.....n' pattem anet .rtlflcl.1 Nchar mpJo,.d to .veld 1M

......., Int'..... n., ..por.et that ,._m of 1ft w••, Int,.

lion In an ",confined coa.1Il1 .41"'" ca_tf b, ...",et water withdrawal

In the ., ...son. Ttw, anal,.ef n&IMrtcaJJ, utln, the Derey Ilq"tlan

.nef the C."U .pproxlmatlens. Slm ca,rI..d out for cond-

tiona of Iftu"d ..ttr fJow both IMf anel atRr tht conltructlon of

• , .....et .ml.-,_.. •.......ce ba,rt..,. The .nal,.l. le.d to a

concJ"'on that ......ml.-,wo. barrt., was .bl. to eft", ... water

Int,UII. ewm ",.r tht extrem.. condlon of total cfrouaht and contln",..

,,,,,pin.

a••"Nth 0"2) II" an aon fo, to1ll1 Jtnlth of lnt,....

• nd time req......d fo, tht foe of to mow tht J.nlthe

L •
Kf.tl2

2.1'2q

, Y, • Yf
Yhe... K • K

Yf

L I. tht to1ll1 ltnlfh of Int,_on, H II tht thlcknt.. of the aq"'''',
q I. Hawaref f ...lh ..tt, flow pt'r wilt wlcfth of ocean front,K II tht



pumeabUlt, 01 h aqule,. Yfll .. .,.eIfle "'",t of fre,h w••,

."d Y, I, tM .,.eIfle welFt of .. ".f.

t • 2.1'

fit-re t I. h tI~ requrecf for tM tcM of the ft. to RIOW. n I.

-the po...." t I. dmenalonJe. factor ..... obta'Mcf from • ma••,

can. anel cau I. tht ultima. fresh ••te, flow ,., "'It .lcIth.

He tact ;¥eft ••talled Ituctr of .dvancement of altwa., we.

with Inc...ted ...n"d ...r exploitation. He." computlPd the position

and .hape of 1M Interface for .rlow ca••• He c:ondudtd that the ra•

• f _.ard .a ..., Intr." w•• .-Iul fo, pI.""lnl l'O",ct ...r

explol ta tlen In coa.tal • ,.••

eeak and Sabu Abraham (1913) ,,«I dIM ••tucfJ on an"lt, Int.-.

lion problema In coaltal .,.U. of TrI..- trlcl. TN••tucty ......d

...JAlt relation be"Hft cltpth of r table and allnlt,. Lowerln.

of ...te' ..te, table wei .1IOda.cf with the IRe..... In .U"lt,- Field

obIt,.tI... Indcafloc.t that dtpen_1 on the location. wlthl" tM coalta)

MIt, e.r, centime.r cIIop of .."n' water table wat met with an

Inc.... of , to •• ppm of tDtaJ ..1IOI,.ct IOn. ."d·an Incre.se of

2 tD l' ppm ehlerl... The Ita water wei dteCta, ....,..,lIble f.f Inc.....

• f aJlnlt, anct It •••ffeetect b, • "ltIftc:e .f • half • Idlo,.,.., flOm

tht ......



1n11Itute of HyctrauBa H PooIMI conctucted ••tudy

....twater Intrul&cm em co.taI fen of TImIJ Nadu U9.'). They

.tarted IfO'I'd ••ter In".tll..... lit thrM aqutfen nlmely Tam_ad-

pakk.., Pwtjetty .. MIn)ur. The.... of the r quality data

Inctk:ated th.t ...ua In Mill). _fer .Ie tho..,. of .rIo..

ch.... In ....r quality uped.u, Inc.... III the chloride conceIItrationa.

The ..ely'" of data OIl pophJalcai IUfteJ ceMucteO In the Min).

aqulf.r Ihowd that the fNlh tall••r "terface exl.t at Ibout • Icm

WIt 'rom the coat of 8ay 01 Bertaal .... 19". 8... OIl the I....t

IUIW)', the preaent •• 'Nth w.ter Interface 1IIIe •• dem~ated with

...tward mowment of _VI , to 6 Ian from 1'" Interface JlIIe.

They COIICh*d th.t there wa ••lIIlte NIt ....r IntfUlhm In the Min)vr

co.tal aqulf.r.

RaJ..opal.. .!! U9a6) cenducted ••tudy OIl .altwater Intrullon

In coatal Ker•• - A c tudy In KozNkocte ctlItrlct. The multi

lrIdIcated that the Inc..... in HII"'Uty ....... the critical periH ••

mlln1y due to the _111 t.,ana fnNn the mbd,. zone of INIh Ind NIt

water ..we the Inted...

D.ve .!! .eo U9.7) had tudy em .aUnity ina ..
the co a of Sawahtra - P Iem. and remedial m._.....

Their ..lUItI ted th.t the ve wlthdra.. of Ire,,", w.ter

without co pro¥i'" .f recharp lowered the .ater

t•••rlCluaUy to • conalde,... extent .., thl.....ted In .eliN water



Intrullcm due to • revel'Md hydtlUllc I'....... They aug..ted th.t

the .-dfldal rec:hafle teetriquel, ......, COItt,.1 .fwttqun _ m e-

met teeM.... .re the remeclal me........ f.r hUrtity Ina.... ....
the S.....tr..........

Gajendr.ad !! .J!. u,a7) COIICtucted a I1Udy on .a water

1"1"""01' into P....)I ,her Ie to IUbaurfce ••ter contlmlnatlen.

The 11m of their .tudy •• to "".... the effects of NIt wa"r

IntfUII. inti to ......t_ pnbJems ...1..., theNto. The mldaadve

m...... of •• .lter In&......cm Into the rI..... we... the con.tructlon

of .alt exc1U1len dim ""' pefQJlation t....

11..., MMlctean aNt SaIctN.....1 U'.7) COfKIuc1ect • study

on ....... areWKI .ater in .....i' exploited ce.tal aquAfe... - A c_

.tudy in Madr.. ThI••tudy w. c..... out to ........t_ the .xtent

_ lOurces of l.uNty. They c:emcJudect that the hlSh sallrtlty m., be

attrlbu1ect due to m'.... of •.n•••ter by Intl'Ullott of •••ater Ind

by lnfUtratlen of saline back .ater ... riven, Irrt88'dcm retuma flow

which w. enriched in ecmcefttratlon dta to e.~,atlo" _ percoladen

of r. water thrRw" lalt p_ in e••'" p.. of tM .....

MoJyIcutty 0,a7) had done a ..., on la1INty In'Mon problemI

In co.tal tracts of TrI.andnn cfIItrict n..ly MeeNmlculan, PutI»

IdcuIkhI and PeNnatbur. The mil,. purpoIe ef the ltudy •• to check



whether there I. .alt water Int......on probleml lit the present condition.

She utlmated the malmum r.te 0' exploltdon from the aquifer In

tine vllI.._ to avoid the po_bUlly of Intl'UlkNt. A computer Pf'OIramme

.M developed from qu.-s"ady It•• anaIyU to find the v.....tkm

of the ordinate and Je"lth of Intl'Ullon with NlpeCt to time. The lensth

of lntl\lllon ,..... calcul.ted by Chyben-HelZbeq formul..

It •• feund that IUfflchmt qurttlly of I .......ater .M avaUable

m the COMtal tractl of TrhandnJn dI.trlct. The availabJe ground••ter

In the Island portion of Penanathura •• cempJetely polluted by hlah

NIinIty contet. But at the time of oblenatloft the... WM no problem

of Nllnlty Intl'Ullon In Meenamkul~ _ Puthulclcudchl.

3acob and Raman (1917) .... surface 1"""lIc" metho. for

m..... f.......t ••ter lftterfacet lit the c.Mtal tracts. The electric"

....tlvlty and VLF .""qun .... __ for mlPPinl the fresh ..

•"t .ater Interfaces. Verde" electrical ..... (VU) WM conducted

at .Iected statIoN acf'Oll the co.. line. -hlie VLP ......tlvlty mellUN

metl .... ...ned M a rapid _I. Their ltudies tho... that the

tedlrtlque •• hllhly ....tlve to *.t ....... fNlh water boundary.

B.... on this .tudy, the main IOUia of ,0••18 _ater In tome of the

COMtal trectl NIlS been pntpered from the map.

S.amy U'17) cortducteet a .tudy OIl analysis .f Ift..rface of

•• .ater IntfWlon Into co.." """le... He plUented an ...,tlc"

model and that •• bated on two dim""""" flow with a 'Me surface.



L •

1there L II the len&th of ...fUII., K II the penn.lbUI., of the medium

of aquifer, H II the maximum depth ., IItterflCe below wlter tlble,

o II the excelS ....., rltlo Ind q 'I tbe volurnetlc flow rite per t.rit

¥01wn. of the medium.

He ...tuefted Oft chifICterll1lcl .f, htterftce on rech4q. In

., wlter Intl'Ulion. He reported thlt the theory and equid.. dertvect

for the Interftce bet..... the Inl_ fNlh w"'r and llUne ., wlter.

He ......ted two metJw.MtI for .....'id.. ftIC....... operltlona. One of

the mOlt common method w. the utlllz.doIt of holfl.. blllni and the

1eCOI'd one w. the medlfled Itrean bed.





MATEIUALS AND t,~ETHCDS

3.1 The sites

ri",JcJ cc,sf'n;,ti()n~ \';(-'re takef~ fre the sf'kcted site~ of tr'f p !", villd;'f'!

n,1"I>Jy h ... ttika, 'Ii'Jikul,ij ,;IPC <'",I : .. tt, : in --richur r'istrict3s f~xpjldneo

Ir, t~'", fdlc'.' int:: jJ"rufcaplls. ',':.'" ;':1:'> .1Gj~' (lEta fer thesE" sit~s v,erE' c!,·t'"ir!~d

frc: tLf' effic'? cf th,- St.q", ;. r';U11.] ?Ter r~partn,ent.

3.1.1. f"a ttika

,;'.f" si te \'2 s Joe,) te r' J ncrt!. cf !"attika junctkm. The' \1' Its

c! T"'" sitr' is shc\'n ir, Fh:•• J. riu:r/;' 3.2 Rives the positicr; cJ t'p,c·i!·,

"'jt;', respect to the coast. : ':pt-: d th~ aquifer was rr·t2inf"( irc.r: t! ~

.. l:rc :.,]p data. TI'~ JithckiY ci ttJ' aquifE"r is given in ;'pv-n~lix I. !~cr

caJculii tinf, ttl€' \:lqLifer disch.'f i,e, tn!'" height of \}/ct ter t~·d Ie I.' 5 oLt:dn"'d

i y ti:.:<in~ the lE'~ls. Ti~ V,i:d"f S<1:lpJf>S were cclJectf'G !reI. thE" we1l8

te test the salinity of watpr •

.3.1.2 laJikuJam

Till" ~jte was near to the ~'al, bikadavu junction. Tt;~ positicr, ,~j

tl,e \\I"11s WN(:' in ., plct rOss?ss"'d l'}i SId. i\lli F'urad(:'n, Sri: ukr.c:ri

'raK:;:niyiJ and Sri :\r i. ".(' ;t;rJjt:, ~ utLr;:.;rTa,iJ. LOCiition of t:-iF' site is ShO\\T:

in iif. 3.3. Firurr-· 3.t; <e, s tf <' !.•:sitk,n of t!;e> ·,'.·"j]s. Thf' Jitbolodcal

de.ta llre given ir t'pperH~ix 11, ThE' h"irJ:t of the v,at"'r tablE' v·as rnt"asurrd
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FIG 3-1. NATT/KA SITE _ (LOCATION OF .sITE IN THE VILLAGE MAP')
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FIG 33 TALlKULAM SITE (LOCATION OF SITE IN THE VILLAGE \HAP).
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to calculate the aquifer dischargE'. F'cr anaJysing the quaJity of water,

th~ \Va tf"r sanpJes Wf'rf' coJJf'c~d lrolY' <"iich w~JJs.

3.1.3 l(azhir.lrcn

This sitE' W(i~ in ! (C;:,'uttnf: vilJare and was located JUt, rut;

Pe wells were situz tee! in t"o' ',nc

Figure 3.5 shows tht" lccation of thE' sitl". P,ppt-ndix III gives the Hth'lvoJecc,j

data of the aquife-r. The heifht ot th~ fp'sh \\ater vIas i":(·zsurl"( fr('T7'l

"';"jC~ weUs by takinf: the It'vf''!s. Thf-' '.',ater sarnplli."s froti! ead. "".'f"ll~ 'J.pr,:

ccJ!~ctp(J te tp~t the (!uaH ty of \"8 ter.

3.2 Aquife-r paramf>ters

, itt refereonc(' tr tip, . cr'" ieJr-· (li.t2, tl: ... aquifer ""'CIS' .kur" t'J

r~· unccr.linl"d in na tur~.';-;'" 'ie tto:' 1'11' it \vas assumt>( te L~' !,d;, ,', Lit.

The VClriOUS P<Hi:j;:f>ters 2.r(' r:iSCUS5"( L~JC\~.. Th' vaJues 2r p [.) vnn il: 1':','

3.2.1 Coefficient of pf"rr:!~aii1ity <V)

Thf" coefficient of /"r, 1.'c l iJil} is thp ratl'" d nc,\'. per urcit \.n"

sectional arf'a l.lnd"'r unit r-:Y<'rdl'lic ?r~:(jfnt. The standarci v2.1ues cf CC' ::Ii·,

cient of perr.:eaLiJiti,'s fer '.:iii"rent t)';:1"'5 cf soils :'rf' givr:'n in i:onn':t'"

Ii thclogicaJ da tao LithcJogy C; \Ii; 1 icus si tt':. are d wn in t.r,pendix 1, n III.
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Thl2' effec ti v~ coefficien t of pe rrlteab iIi t)' of the aquifer \t. as fClund

cut by using the forriulc

+ ..... )

J,/
I

are the thickness of each la~,pr o!.tained freu' the lithology.

for caJcula ting tbE' acuil.<>r djschar~E' two ~xisting WE-Jls w~rE' loca t~rl

if' SUCh O:l \\;:lY tl:at th!' lir.7' jcinin,.' betwe~n them was pt'"rpendiculor tn

tl:f' coast line. Tr;~ SI.";,l'u·r(~ Cisc:,2rge was calcuJated using thE' fon'·uJa

'.' h~T' , is the ccpfficient of pernpability of the aquifer, X is th~ distance

h .:inc' ".I ,_ ar(~ t:!> hE-ifht of water leveoJs fror,', the ilf'!:Jt"r-

i eable stratum.

Forosi ty (n)

rorosity is an inci:>x d rfDlative volume of pores. It Is InfJuencl"c

ty tb!" textural 2nd structural characteristics of the seil. Porosity of

dfff'rE'nt soils ne ~~iven in r"pr"Tdix V. The porosity of rT'E'dum to coarsE'



3.2.4 Exc@u densIty ra tio <a>

Density of fr@sh water <., f) wal taken as 1.0 g/cm2 and the ~nsit)'
2of sea wafer <y s) was taken as 1.025 g/cm. The eXC@5S density ratio

""'as ca1cuJa t@d as 0.025. f.'.y th@ foHowlng equation =(X 5;l f» 3.3

3.2.' D~pth of tm- aqtifer (C)

Depth of t~ aquifer was tak@n from the bo~ hole data. It i. the

3.3 SteadJ InRrfa~ In an tI1COIlfined aqdft'r wl1ll a Vt'rticaJ outflow fa~

Under natural conditions the slope of the water table was towards

the sea through an aquifer and a fresh water· sea water inttorface was

estabJished in the aquifer below mE'an sea level. Th@ problem lI'\c:rr .tuc:l)'

was schematised in Fig• .3.7. AB is t~ free surface and CD is tht sea

wa.r f~sh water interface. The outl1o\\' face AC has two parts, Y belowo

m@an sea level and S above mean sea level. Accordng to th@ Ghyben -o

Herzberg principle, the value of So was taken as Q Yo' 1'hen thE' f~f'

surface and the interlace wert' E'xten~d beyond the coast Jlne they necessa

rily met at 0' on the mean sea leVf!" as in Fig. 3.7. The point O' was taken

as the origin of co-ordna tes for the stUdy•

.3.3.1 Assumptions

1. The aqulff."f was homogenous and isotropic.

2. Steady incompressibJe two dn:ensional fJow conditIoN .xl.t &n the

aquifer
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.1. Hydrodynamic dispersion \\'SS negligible and the interface could

be treated as a sharp cne.

IJ. The depth and length of the aquifer were large, so that the prelellCe

of impemleab.te bOUfldMies ~uld Mt affect thl! flow In the fresh

\\ ater region.

3.3.2 Basic equations

In gener,l, steady ground water flow is governed by Laplace equation.

+

+

=

=

o

o

where. and ~ ere the potenti,l illO stream functions respectively.

The complex potenti al function \'(1 = ¢ + I ¢ will be Mlalytic In

the flow dom ain as both • Irld ~' satisfy the LapllCe e<:Juataon. Y-heo"

Z a X + iy the physic,l co-crdinates X and y also sBtisfy the Laplace equation

in cj) "'0 ljJ

i.e. Z:I: F( \l )

x + iy z F( ¢' + j 1~1)

Dltferenti"tlng with respect to ~ and ~! twice separately



ax I a y dF 3.1+ :: d\ta. a~

a 2 + i d 2 ::
d2F 3.8

a.2 a .2 dU 2

simiJarly

,a x ~ i g Y :: idF 3.9
3l f)l/J di

a 2x + i a 2y = Id2F 3.10
--~----->"

a~ 2 al/J 2 dW 2

Multiplying .3.9 by i

adding .,.7 and .3.11

:: -dF
d\l'

1.11

(ll _
a¢ .3.12

equating real and 1m aginary

o



therefore a x = a ~ 1.14
a¢ al~\

.,d ax + aX)' = 0 3.1.5
a~1 a¢

.ck1lng 3.8 and .3.1 0

., 2 2
ro.. 4 a2x + . (ll a x ) = 0 3.16..!....L + 1 2 +

",2
o~ 2 3ljl c¢ C'1",

therefore

. a2x 2 0 3.17+ a x =
a¢!2 a~ 2

+ = o

where ¢

h
P

= -yy

where h is

= -I<. h

the piezometric head, K is the coefficient of penne.t>iJlty,

P is the pressure at the point and y is the spe-c1fic weight of water•

.3•.3.3 Bou"dary conditions

1. Along the free surface, the pressure was atmospheric which WIS

taken as zero. ~ith meall sea level as datum and Y measured downwards,



h : -Y or • z KY

2. Alone tht interface, t~ presstJ~ c" the freah ..·.ter .l~ (pj>

was sa,,-,,:; as the p~ssure on the S(~a \\'Clte'f side (p;)

I.e. rt II t :: fJ'1I.$

l'f := ~) - }
Yf

= flf->. y :: ( ~ s • YO)', y
f f

• ex y

3. Beth 11"H surface and h\terf.ce we...tl't:'Mn Unes. Their cC'rres-

pc.'Ildi"8 .trt'lm functiC'l'ls had \lalues 0 aI'ld Q respectively.

F(l r free .urface

For l"terfac:e

If :: o

II. The depth ef interface at the outUcw face Y(I for. contiNd

aquifer with a ~ertical cutfle\\' face was obtalfled by Henry IS equaJ to

Q:Z.!tl.J..Q..L
aK \ther'e Q is the fresh ..·.ter discharge per metre width. Th.e

error h\ Y in exte"ding this result to 8" tJr\Confifled c.se w. given byo .

C~rmoPm '" and ethen .. about 2.6 per cent. Ccmbi"ing these two findings,

for If' lI'ICcl'lfined Mfulf.r with ., vertical c1Jtf~\\' fece•

• .2:1.lli2L
aK



Q is negative as fresh "'ater discharge t.kel place In a direction

opposite to X. The constant, 0.741 and 0.722 were c.Ued aquifer constants

for ccmflned and unconfined -rulfers respectively.

3•.l.4 The solution

The bask equations and be undary condi tions were non dimen.lonaJJsed

to obtain a solution independent of dimensions in the physical pl_ by

the following substitutiol\s.

~ aKX y a KY
- f1Qf' = lOT

'+ = 3.21

where C is the fresh water discharge.

The din'ensionless boundary conditions for the free surface become

and for the interface

:: ·Y, ~ = -1 ),23

Therefore X and Y also s.tisfied the LapllCe equatlof1 In • ancI t

l.e. + o



2ya
2-34>

+ &I o

Therefore the flow dcmail'l in the physical pl.-.e could be mapped

on the complex potential plane as ShoWfl in Fig. J.8. As x inc......

inland of the aquifer the free surface wUl flatten out. Hence the stre..,,·

lines will tend to become parallel and unifon-n.

At a large distance from the coast line y varied linearly wittt~

- -Y :I: c 1 ¢ + c2

where c 1 and c 2 are constants

On the free surf acE.' ~' = 0, y = a ¢

Substituting for Cz in equaticn

.1.26

3.26

3.27

On the interface \jJ = -1,

- .
Therefore c 1 =a 4> + ¢

-y = - 4>

Substituting c 1 in equation 3.27 y:= +U +0) ; + a~ 3.28

::U+a)~~+a.
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Differentiating equation 3.2~ with respect to~ ,

=

From Cauchy - Riemann equation,

a y = a X
a ¢ a ¢'

. a X - r(l +0. ) \11 + Ct ] 3.29.. =
3 ¢

Pifferer1tiating equation "3.28 with respect to W,

If Y---- = (l+Cl)¢

Again u~lng Cauchy Rlem ann equation,

=

::::

\Ie kn(\W,

3.30

3.31

a X a X
Substituting values of --;;-- and -- in equation .~.31

CJ ~ a 4l

The equation was obtained as

dX z [ -( 1 + Q ) ,," - Q ] d t + [(1 + Cl ~)d eli



Integrating

2 2

j( • •(l +8) ~ - Q" + U +0>-\- + c

.here C .. the constet of '''teRratlon

(l cal 2 2
j( I: ~ - [. - • J -0. + C

This •• valid 10r the entire domain of fresh water region.

Equation tt' tile free surface

• : ({/ Q, ... 0

)..'2

Therefore

2
eo (l +a) f
A II .... ~ + 0]. 0 + C

2 .;
~1 + !l t 2• . x~] + C2 0

Free a.:rt.ce palling through the origin,

j'tc 0, f. OJ C 1L 0

Interface p...."g throUlh the origin j( cO" • 0



c .-¥

3.37

Uu"! the equation ).1' y =~o (If(

oK.....
Non dlmeNionaHslrtg .. get 'V0 • ----m-

:: 0.26 (J + 0)

·r.. orilift of co-ordlnatel 0' ••• hypothetical poll't. 'fo

pJ~t the .tNMl Jlne.. the on81.. w. shifted to 0 fntm whiCh the

diltll'Cell could be cfIrectly me.urect. 0 w. the junetlon of the ftrtlc4t1

outflow tece with the me", .a level.



I. ¥ (flaY- • 0.260 •• )

l • ¥t2
• 0.260 .0)

f • -'M, X • W.

.f.rlft.dlCe X .(1 .o)(~2.~] "'1

~.... that the equtIott ,.,. could be eppJIect to 1qUl'.n

of filii. *Ptb ........ .....th of IIttrulloft •• obt..MeI by puttlrta

X • L II'Id Y • D lit equation ),'1, wheN D 1I the depth of aqulf.r.

a.. L .U ••) (~2). ~]

),),7 "almID ra. of ••Ioa....... from .....r

I ...... for tbt lIttedace •• X • (1 • a)~2 •~ ]



Prom this weget~ +~aKy2 I: 0

The standard fonn of the equation I. ax2 + bx + C I: 0

Comparing the equation ).,.) we get

a

b

c

I: O.'2/aK

I: 2x!U +a)

I: _aky2

The oolU1lon Q I. gIven by Q • -b • Ji2 - ''''

Thus Q can be ceJcuJated with the depth of the we11 from the

mean sea lewd and Its distances from the coast. The value of Q I.

expressed .. Qp which Is lell than the present aquifer discharge Qr The

difference between Qr and Qp would be the mulrn'hl rate of exploitation

from the aquifer.

water

The boundary conditions malntabtlng a steed'y interface rarely

rem aln con.tant. Any change In the boundary condltions will destroy

the atate of equilibrium and the interface profile wUl pass through

a atate of trenaient condition till a new equllibri\l'n position is eatabllahed.

The excessive withdraweJ from pumplna wells, IrregUlar recharging

of the aquifers, atorase of water In reNnolrs causing variations in

levels of surface source feeding the aquifer are the main source. which



generally c.. the movement of the interfICe. All these agencies

c8Ullng the movement Mve a unique .ffect on varying the fresh water

discha,!e thR)Ulh the aquifer. Hence IW/ ponlble movement can be

attributed to a chinle in the fresh water flew. .hen the discharge

i. decreased the int"*d sea water wedge moves further into the .fer

and consequently it is termed _ an advancing interface. On the other

hand an incre.. in dischalle createa a retreating interflCe.

The phenomenon of the movement of the interface due to a

change In dlschaqe cawed by fluctuation. In suffICe lOurce level or

due to P\lTlplns or rechaqlng from or Into the aquifer leads to • pR)blem

of solVing nonnnear partial differential equations of higher order.

TM equations in thi. case do not ceme w.cIer any typical fonn for

which solution. are avaUable. Purther, the equations are 10 complicated

th.t It Is prectieally impossible to arrive .t expllclt solutions. Numerical

solutions of .uch equations are possible. but involve lengthy computations

IMICeIIitating .aital computers with large memory capacity. Uncler

these drcumstlflCe' It 1. censl.red that a slmpDfication of the pheno

menon by ..wnlng ., Instantaneoua .teady nature of the interflCe wl11

lead to simple situations. Such an "tIIlption reduces the pR)blem

to that of 101ving oRtln.,. differential ....1101'••

A qu.l-ateady .tate analysis often becomes h.,oy for solVing

many prvblems In grvtl1d water flow and yields f.rly ICCurate results

for ., otherwise complicated problem. A partial Jwtlflcation of this



-.unptlen lteml 'Nm the "nadOit tta.t tempo," varladons of

flow ch.~rlltk:a .. much smaller thM .,ad...... (Keahlna, 1962)

The tempo," v.....tlon .f Interf.. II beyond the ICepe .f

the pretent ltudy. The fin" politi.....f the I"terf.. c.. be Iee.ted

by meld.....f the prtnc:lple mentlcmect .... 50 for lIlY v....

of fresh weter cftIch... the fln" poIItion of I"terf-.. wlU be obtained

by I\MtltutbtI the IPPnJ,....te vel... of I ..." w..r dlachelle In equdem

"'2.

The queUty .f InJuN w..r the " of ._

IOUIa ....fIe The concertt, c.m f 1 CCtIIItI-.
tuentl In • w.., determine the _, f the ..... fo, .....

purpeeel ... the pne_ttee .f lOme m beyo••I'UIft 1Itn1_ m.,

m" It UNUItable for Int&etto... drt"lcI,. .r 1 111.. ,.,••••

The quality .f _Me' the totel quMtlty of "'1_

IOI1d1 depicted by peril per mUll , t per mlUlelt or .,.calle

conduct_ .. the pH v.... In the ,..."t .. the quality .f

w••, II J...." by the folio",. cherectert.tIcI.

1. Electric.. c:ettductivlty

2. Socft... Adlerptkm a.tIe
,. pH



"'.1 Electrical conductivity

Electrical conductlftCe bridle I. lMd to de..nnlne electrical

conductivity .f around water. It I. a commonly wed method because

EC CM be readily Iftd pNC1lely detennlnect. Thi. II lenerally Npnttented

In J,mhol/cm. Chemically pu~ .ater h. WI')' low conductance. The

specific conduct.-ce Inc...... approximately Bnearty with the qulfttlty

of .alta In IOlution Iftd II different f.r ech .alt. Quality ct_lflcatl.n

of water baled Oft electrical conduettvlty I. given belo" I

EC In pmhol/cm

<2.50

2~ - 7'0

7~ - 2230

22-'0·.5000

Low .allnlty water (CI) Cift be use4 for Imgatlon. Medltl'n salinity

water (C2) can be used If a moderate em..t d leaching occurs.

High ....nlty water (C, ) cannot be used ." lOlls with reltrlcted draln.,e.

Vel')' high salbtlty water (C,) Is not IUItIbJ. for Irrigation under ordinary

conditIoN.

)',.2 Sodhlll Actlorptlo" Ratio (SAR)

The soluble lno'llNe CONtI.....ta of 1m....." .,aters reeet

with ,.111 • Ions rather th., _ molecule.. T" prlrtelp1e catioN ....



cllchm, m.......... _ lOcI.. 5ecIum cIoeI not -'feet the h......

of wate, tho..h It I. very am,."•• I" detennl"I"I the qu.uty of

IntS.tiOft w.ters. Concent'...... of IOdlwn w. obtllned by Plame

photomete'. Cenceftt,ation. of c.Ic"m and m.......... .re detennlrted

by titratiOft ineUiod. The IOdh.m adIorptloJ, ratio Is defined by the

equ.tio".

-here Na+, Ca++ and M8++ rep......t the concentr.tloM In

mUllequi"*,,.. per litre of the respective ION. Baled 0" SAR the

quality cl..aftcatlon of water I. Slven • 10Uo911.

-ater cI_ SAR

SI < 10

52 10 • 11

S, II • 26

S. .26

Low medlloIn .ater (51) CM be wed for Intlatlof\. Medl""

lOCI..... water (S~ will p,.."t .. appNCIable JOdI.........rd I" fine

••tuntd 101.. h..... hlSh cation exch... c"adty, especially \fIder

low JecNns conditioN, un.. IJPIUm Is praertt In the IOU. HlSh

1Odi.... water (5,) m., produce harmful Ie.... of exc.....eable sodium
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In mOlt 10111 _ will require spedal IOU mlnllemeftt good drlinlle,

hAah leec:hinl tnd olltnlc m.tter Iddltlons. Very blah sodlwn w-.er

<5.) II generaty unsuitable for Intg.dOlt purpose.. The dlllr." for

the d_fic.don of Intg.tlon w..n II shown In Fig. ).,. It Is b-.d

on the electric.. conducti.lty In mlcromhol per centimeter and the

sodbln "rpden r.tlo.

pH II • Ie. IndIe.tlna the ICIdity or alkellmty of ~ta

IOlutlons. It I. conYentlonal1y defined • the neg.dYe loaMitbTl of

hydNpn Ion conce"tretlon. pH Cln be detennlned by electrometrically

or by Indlc.ton. The mOlt pR.~t lnatrument for mellUl'l.. cell

potendelt I. II' electronic voltmeter known • • pH meter. pH value

I. • ,,""ber from 1 to 1" which represents • log"'thmlc Ie. Indlcatlnl

the concentrations of hydNsen Ions. pH 7 II the neutrality pomt of

puNwate, •• wNch the COPCtmtr.doN of hydnpn trtd hydNxyl ION

Me equal. pH v.auea fNm I to 7 are UMd to lndlcete the ICIdlty of

the IOludo" tnd """ben 7 to 1. lncIlc.te the alk.u"lty of the solution.





RESULTS AN) DISCUSSION

The results of •• w.ter Intftllion studies for co.tal aqulfen

h.ve been dllCUlled In the foUowi"8 MCtlona.

..1 51... ~Iat

Mellht of fNih w.ter tbove the mell\ •• level w. me.ured

by taldnl levels. Pllure '.2 shows the measuNd Yalues of the height

of fresh w.ter. Distance of selected well. from the .hore were 181." m,

260.9' m II\d ''I.'' m respectively. From the bore hole d.te given

In Appendix I, the depth of the ....f.r w. foUl'd to be 1.11 m. The

coefficient of perm.IbUlty of the aqulf.r •• c.....ated • 120.92 mid.,

with reference to the Uthololocal d.t..

"1.1 Aquifer dlscharce (QJ)

The aquifer dltcharle .t the tim. of ......tion w. found to

be ).1. m'/dllf/metre width of ce.t Une. The hmlth of Intrusion

correspondlnl to the aquifer ditch.,. •• calculated. 31.02 m.

Pllure ..1 tho_ the lencth of 'ntrull.1t when the equlfer dbchaqe

I. ).1. m'/d'l/metre width of ce.t line. The selected wellt were

.t • cft.tlfM:f! of III." m, 260.9' m Ind )U.,.J m retpeCtlwly from

the shore. The selected wells were foUMI to lie beyond the Juath of



TIble "1. Eatlm.tl(ll\ f.f Je"lth of Intrusion for various depth \llhel\
QI • 3.1. m /d.,/metre width (If co.t Dne

-. ---. --. - . .. . . . . --. . -. . . -. - - -. . - -. .
Depth
(m)

Lensth of int""."
(m). . ---. . . . -. . . . --. -- . ---. . -. - -- . . . . . -

1

2

3

•,,
7

8

l.al

0.22

1.10...,
7.60

12.02

J7.""
23.1'
31.21

31.02

- . -. -- - -- -. . -- --- - . . . . --- . - -. - . . -. - -

T_Ie "2. Chemical Matyala of water

. - . . . . -. -- -. ----. - . --- -. - . -- . - . . - ---
SoclUn [ .........

C.a.lutn" ft......
c....um+ ......... ...... A-.. .... 0.*"'* MlgMII...

Net W..... ptlon val'
RttIo (1JlI'MI/etrt) (......"..) (.....,...) ~)~..). . . - . -. . . --. . . -- - - - . . -. . . . . . . . . . . . . -

t w.... , t.J29 '" :tOO 1.2'''' 00U475 1MU' ,.,.
2 ...... a 1.»6 7"" .. ,,,, 0.'''75 I.,.." 1..Jt1

J ....... , 008' &DO tOO 1.1)5 0.'11 U'2 ....
. . -. . . . . -. -- . - . - . . . . . - - -. . -- . -. - . -- -
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Intl'Ullon COmtlpOndl"l to the prelent ....fe' ditch..... Therefore

at the time of obIe"atlon there •• no problem 0' lalInlty Intl'Ullon.

"ate, lI1e1ylll data I. liven In TIble ••2. The wlter lamplel

frem elCh well _re artelyled for pH, EC, Ca++, MI++ Ind NI+ contents.

The value of pH v....eet frem '-" to I. EC v.....d from 300 to IfOO

lJmhol/cm trtd SAR vlried from 0'" to 1•.U6. 8a1ed on the cUll''''''

fo, the c1_flcatlon of Imlltion .aten, the .ater samples come Wtder

C2 - SI c1-. It Indicated thet the wlter •• not rich In .alt content.

Since the tidal rtrtp of Kerall co.tll trlCts II only 1 mt the

dlapenlon of the InterflCe II very 1mII. trtd thus It CIl1 be neslected.

Therefore It thll lite, there W. no salinity lrttl'Ullon problem beyond

31.02 m ....th fftml the co.t.

A computer programme •• UIed to tlbula.. the m axlmwn purnpl"s

rite of fresh wlter correspondlftl to dlffe t depth of _I... T Ible ••)

lives the maxlmwn punplns rite of , ater at I dl.tiltCe of lSI." mt

260.9) m _ )••)) m Nspecthely. FlaUNI "2, II.) Ind ... show the

polition of the lnterfce whe" the len&th of Intl'Ulions IN lSI.,9 m,

260.') m and )U.)) m respectively. The 1en&th of Intl'Ullon for verlo..

pumplfta rltea _re cllculated and IN liven In TIble ••,. A graph

with Qp Va. L •• plotted. PlaUN'" &lwei the punplng ratel of varlo..

....th of lntNllona. FISUN. ..6 to .., aho. the length of Intrtalo,..



Table 4.3. Computation of mexlmU'll pwnping rete for various distances
from the co.t

- - - - - - - - - M;,im-;';: ~;in~ ~e-;'-(~3id~i~e;"; ';'dth)- - - - -
Depth ---------------
(m) X :: 183." m X = 2~.'3 m X :: 348.)3 m

1.0

1.'
2.0

2.'
3.0

3.'
4.0..,
'.0
5.'
'"0

'",
7.0

7.'
8.0

8.81

3.1318390

3.1211f~4

3.1071787

3.0886)90

3.0661077

3.0)93183

3.008'373

2.97367'7

2.9346"49

2.8915336

2.8443418

2.7929807

2.737'''3

2.6780174

2.61432~

2.'02"61

3.1.JlI0.568

3.12660"

3.1162269

3.1028321

).0865102

).0671721

3.044995'

3.019114"

2.99150"

2.9~.l696

2.9262178

2.889138'

2.8490.)1

2.806020'

2.7"9819

2.6791704

3.13"648

).1298876

3.1222'89

).1121464

3.0999048

).08"3.3

3.0688'77

3.04987.3

),0289397

3.00"213

2.979938

2.9'21201

2.9221373

2.89002.56

2.8".30

2.79"9)2.

- - -. - - -- - - - - - - - -- - - --- -- -- -- - - - - - - - -



TIble.... Polltion of different lenIth .f intrusions f.r V.nOUI ..ulfer depth

- -. ----- . -------. . - --- --- -- . -. -- --- - - ---- -
Depth

(m)

Lensth of intrusions (m)
--- .... ..... -- - - ..... ....... - - .... .... - - ..... - -

- . --. - - - -. . . --. . - -- - . . . - -- ---. - . - -- - -- ----

1 2.37 ).2' ..110

2 '.67 13.11# 17.61

) 21.8) 29.6' .J9.11

If .11.16 '2.70 70.10

, 60.7' 12.)7 110.'.

, 87.'1 118.63 1'9.06

7 11'.0 161.11I 216.1'

I U'.61 210.9) 2Il.lO

l.al 111." 260.9' 'If),"

---. . ---. -. -- --. - -- --. . -. . - - . -- - - - - . --. - --
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TIble ••,. Comput.tlon of length of Intrusion for vlrious pumping
r.te

- - - - -. . -- -. - -. - . - -. ---. -- - - . - - - -
M*f!mum pwnplng r.te
(m IdllYlmetre width)

Lensth of Intrulion
(m)

- . - - - -----. - - - -- . -. ---. --. - -- - --
0.' ".32

1.0 '6.00

1.' 73.1&

2.0 10'.31

2.' 1&7.13

2.6 222.6'

2.7 273.26

2.1 3'3."

2.' ~1.02

3.0 .".00
- --- - --- - . ---- - - - -. --------. - ---
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TIble ..6. E.timatlon of length )of lntrwlon for "arlOUI Iqulfer
depth when Qp III I m /d",/metre width

--. -- . ---. --- . -. --- --- -. . -. . . - . .
Depth

(m)
Lensth of l"trwlon

(m)

- - - - -. . --. -- -. - - . . . - . . -. . . --- - - -
I 0.'

2 2.7

) 6.)

• 11••
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7 'J'.)
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- . --. . . . - . . - . -. - -. . . . . - . . ----. . -
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TIble "7. E.tlmatlon of ....th ~ l"trullo" for verteUi equlfer
clepth when Qp • 1.,", Idfll/metre width

- . -- -. . - . . --. . . - . . . . .-. ----. . --.
Depth

(m)
Len&th of '"tMOrt

(m)

-. . . -- - -. - - . . . -- . - --- -- -. -. . --. .

1 0.&

2 ,.", I."
• U.o

, 2),"

6 )).10

7 46.0'

1 60.21

a.al 7)'0'

. . -. -- -- . - . ----. . -. - -. . -- --. . - --
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Table U. Estimation of .....~of IntrUllon for .....0 ... aquifer
depth when Qp • 2m /d.,/metre width

- --. - --- . - . . - -. . . . - -. . -. ----- - -.
Depth
(m)

U"Ith of Intrusion
(m)

- - . - --- --- . --- - ---------. ------ -
1 1.26

2 ,.).
) 12.1)

" 21.6'

, )).17

, ".1)

7 66.-'0

8 86.11

8.11 10'.)9

- . - ---- - - -. -. ------. --. - -. - -- ---
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T1b1e ..,. Estlmetlon of le,.th 0\ Intl'Ullon for v....ous equlfer
depth when Qp • 2.' m /d.,/metre width

------- -----. -. . - - . -. - - --. -. - --.
Depth

(m)
LenBth of mtl'Ullon

(m)

- -. -. . . . ----- . . . --. --- --- -------
1 2••

2 9.6

) 21.1

• 38.6

, 60••

6 81••

1 118.'

a .,If..
a.al 181.7

-. ----. -- -- - -- --- -. . - . . --. . - - - --
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Table 4.10. Advancement of saltwater wedge with iocresed
gromdw.ter explolt.1Io"

- -. . -- --------- - . - --. --- - ) . -- -- - -. - . . . - -
AquIfer dlschara" (m Id~/metre width)

Depth --- .......... - .......... --------
(m) Q • QI Q • 1'1IQ1 Q I: 2/lQl Q • QI/2 Q I: QI/.

- . - - ------- ---- --- - . -. - - - - - - - - -- - - ------
1 0.22 0."" 0." 0'" 1.'0

2 1.10 2••2 2.11 '.81 1.12

, ••1' '.11 6.., 8.1. 11."

• 7.60 10.32 11.61 1'.6' ]1•.50

, 12.02 16.2. 18.). 2'." ".26

, 17.'. 23.. 26.., ".)9 70.96

1 23.1.1 )2.0' )6.1) 1#8.21 96.61

I 31.21 •2.00 ",7.2• ,"." 126.21

8.11 )8.02 .50.11 '7.)) 76." 1'3.01

- - . --- . ------ -- - -. . - . - -. - --- . --- ----. ---
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when pwnpifta rates .,. 1 m'/d~/metre width, 1.' m'/dl/Y/metre width,

2m'/dl/Ylmetre wktth _ 2.' m'/d~/metre width respectively. "'th

rwterence to thale grlPhi we c'" fix the depth of the weIll without

fear of ....nity.

"I.' Adv.cement of saltwa.r we.. with Incnt'" lroWMI w.utr

exp101tatlOf'

Fllure ..10 gives the posttlens of the Interfece for Increared

exploltati"" of groWtd "'ater. The I ...... water exploltetlon w. propotecl

at the rates of QI/., QI/3, QI/2 and )/IIQJ. the .award freshwater dit

ch.,... are )/1fQ1, 2/JQI, QI/2 _ QI/' retpeetlvely .. the co........

pottdIna 1enBth of Ifttnato.. weN I.... to be ." L, )/2 L, 2L Ind 'L

rnpec:dwly.

U She atT.......

Bille oblenadons

Depth of aquifer "'. found to be .16.)7 m fnm the bore hole

data liven 1ft Appendix D. Flgurw J.' shoWi the me.....-ct fresh water

hel&hta. The selected wells were at a dlat.-ce of 171." m, 2I'J.7Im

.. n6.79m respectively. The coefftclfmt of permetblllty "'. calculated

• 171.17 m/day.



"2.1 Aquifer dllChafle (QI)

At the time of the oblenatlons, the aquifer dlschotrle w.
17.'4' m3/dl1fImetre width of co.t line. The IenIth of IntrullOf' correa

pondlns to the aquifer dllCharse Is shown In Fli. "11. The 1e"lth of

Intrusion w. celculated • 171.06m. Distance of the selected wells

from the shore were 178.1f m, 213.71 m and 362.79 m respecthely.

These distlnCa were more than the ....'" of Intrusion for the pre..,t

aquifer dilChatle. So, there w. no ."t water Intrusion at the time

of oblerv.don.

Table 4.12 glYes the water quality telt reaults. The water samples

were tested for pH, EC, Ca++, MS++ and NI· ct'ntents. The results

shewed thlt the y"" of pH vll'led from "'If to 7.", y"lIe of EC y....ed

from 300 to 600 pmhos/em and SAR vllted between 0.71 to 1.160.

Accordlnl to the dufleadon of lma_em waten, the collected wlter

umples come WKter C2 - SI c1-. So th.. the quality of water WIS

good.

Since the dispersion of the Interfece w. very 1m.U, there w.
no pl't'blem of s.Unlty lnt""on beyond 171.06 m .length from the co.t.

Maximum pumping rate of fresh water for different depth of

weill were tlbulated with a computer progranme. T1b1e 4.1) gives

the maxlm\IYI pwnplng rete of freshw.ter .t • distance of 171.'m,



TIble "II. Estimation of 1enI~ of Intrulion for various aquifer depth
when QI • 17.'" mid.,Imetre width

---. . -----. - . . -. . - -. - - - - -- --. . -. -. -
Depth

(m)
Lencth of intrusion

(m)

-- -. . --. --- -. . . --. - -. . - ---- -- ---- . .
, 2.1.

10 11.17

U 21.01

20 ~.61

2' 79.61

]() IU.l'

), U7.1'

)6.)7 171.06

- - - -. --. - -- ------- - - . . . - -. -- - --- - - -

TIble "12. Chemical .ely••f weter

. - . . . . . . . . . . - - . - . . . . - - -. --. . . --. -. . . - -- - -. ... ....... ......
pH

0Mt..... CIII.- ............. el...... ......
.... .... ~ ........ •......1"'"..... YIty

RetIo (p""".) ~) ~) (......,...) (.....,....)

--. . -- . . -. ---- . . ---. . . . . . - . ---. --- -- -. - - -- -
, Well Ho. 1 0.'" ,.., '00 2.'" 0.'02' ,.,", 1.07'

2 wen He. 2 1.1' ' ••0 '00 I." 8."015 2."07J 2.'"
J wen He. J 8.71 7;.91 JOO ,.•,a, o.lIn, 1.7.U' o.n

-. -- --. . --. . -- ---- - . . -. -. . - -- . -- --- - - - . . . . .
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Table '-13. Computation of maxlmwn pumpl"8 rete for v....ous cII.tencet
from the co.t

- • - • • • • - • • - • • • - • • - - - - • - • • - - J - • - • - • - • • - -
Depth _ _ _ ~..~~~~r~ ~ Id~/~tre_wI~h) _

(m) X • 171.4 m X • 21),71 m X • )62.7' m-. . . . . . - -. . . . . -. . . - . . . . . . . . . - . - . . -. . . . .
1 17-'32190 17-'MI'6 17.'.727

2 17•.,3763 17.'121" 17-'1990'

4 17.'''11' 17.41612. 17....'", 17.014"'6 17.2"'" 17.'113'7

I 16en62" 17.0)002' 17.1'2161

10 16.2"'2' 16.7.c»M' 16.'1'717

12 U.70'JOI 16.."" 16.6.'"

1. 1'.0)9129 U.98701 16.'119'2

16 1..272107 .,.U6W 1'.9''''7

11 1)..,'''1 I..,." "-'070'2

20 12.."UO 1"329~2 1'.0219"

n II.".'" 13.6"70' 1"-'001I7

2. 10.192'97 12.91'961 1).9226.,

26 1.91979' 12.11'17' 1),294221

21 7-'''''0 11.2~1 12.61"64

JO 6.0727•• 10.'162" II.la70"

)2 ...,a969 9.'21'4' 11.101)"

). 2.12"" 1.26"11 10.27'640

36.37 0.71)760 '-9271'4 9.2)296'
. . . --. - -. . . . . - . . . . - . . . .................



28J.7Im and "'2.79m .re shown I" PI... "12, ••n _ If.l' reapec:thely.

TIble ••U shows the Jensth of '''trullen for YlI1o... pump", r.tea.

A greph of Qp Va. L 91. pJotted. Figure"" .hows the maximtm

pumping r.tel for yll'lous 1en&th of I"trullona. P1lutes $.1' to 11.2)

show the length of Intrusions when pwnplttg rites ere I m'/dll//metre

width, 2 m'J/dtl1lmetre width, tnn)/d.,/metre width, 6m)/dfIY/metre

width, a m 3/d'l/metre width, lOm'J/dl11/metre width, 12m)/dl/flmetre

width and lIIm)/day/metre width nttpeCdvely. BIRd on these graphs

we can decide the depth of the wells without the problem of ."Inlty.

$.2.) Advancement of .elt wlter wedge with Increlled grotlf'd wllter

explolt8t1on

Pllure ..2. au...tr.tel the IdYlnCelnent of .l1t...ater 9Jedge with

Increlled groUttd w8ter exploltldon It thl. lite. It .... found that

when the equifer dlICh8l'le reduce. to thrwe-fourth of prelent aquifer

dllChlrBe, the Interfeee IMI beyond the tint .Jecteet well and when

the .,wIer dllCharle reducea to two-thlnt of the pre..,t dllCh'rae,

the IntedlCe Comes neerer to the ll!Cond .lected weU. If the lIQulfer

dllChaF&e Is reduced to hlllf of the pNMnt discharge, the lnterf.ce

woulG come nearer to the third selected well and when the dlsch8l'le

Is reduced to one-fourth of present discharge, the .length of Intrusion

would be QE.21 m whk:h Is beyond the pretent selected wells. So It

can be COftCluded th.t If the ....fer dischlll. II reduced from the prelent



TIble ..1.. P...... of dI'....... "'ttI of bttrUllona for V.soUi aquifer
depth

. -. --. . . . . . . . . . . .. .-. . . -. . . . . --. -. . --. -
Depth

em)
- ...... -- -- - ..... .. .. ... .. .. .... ...

L] • ]62.79 m.. . . . . . - . . . . . . . . -- - . . . . . . -. . . - . . . - . -. - -
, 2.]9 ..7. 6.]7

10 1,.,6 20'" 27t1JO

., JO.II '7.71 61.27

20 '),2) ".)1 109.)2

n 8).7. IlJ." J7t.IO

30 121.0 192.7) 2"-"

n 1".1 26'." ))'-10

)6,.)7 171•• 213.78 )62.79

-. . . - . -. . -. . . . - - . - - -. .. . ~ - -. . . . . --. . ---
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TIbJe '.U. Computation of length of lntrualon for venota pwnplng
rate

-. . . . - . . - - . - - - - . -. -. . -. . -. . ---- - - -
Me;mwn pwnplns rate
(m /d.,/metre width)

Length of Intrwlon
(m)

. --. . . --. -. -. - -- --- - - -. - ----- -. -- -

11# 8'1."
12 ""24

10 399.77

8 .1.,.79

6 260.86

'- 222.12

2 19.1•.12

1 181.'2

0.' 176.1.

. - ---. --. ---- - - -- - --- - -. -- - - ---- --
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Table 4.16. Estlmadon of .nat,\ of intrusion for various aquifer
depth when Qp II: 1 m Idltflmetre width

- -- . . ---. . --- -- - ~ - --. -- . - - -. -- ----
Depth
(m)

Length of intrusion
(m)

-- - -. - - . -. - - - -- -----. -- -----------
,

10
U
20
2'
)()

"36.37

2.46
12.81
]0.0'

'''2.'.24
123.11
161.02
111.'2

- - ---. - -. - . --- -- -. - - --- . - . - - - - -. -.

Table "17. E.tlmatlon of lena, of intrusion for venous aquifer
depth whett Qp II: 2m IdltfImetre width

- -- - . -. - ---- - . ---- . . --- - -. -. - --- - .
Depth

(m)
Lensth of .ntrullon

(m)

. . . -. . --. - . --- - . ---- - . -. . - -- --. - --
,

10

l'20

2'
)0

.l'36.37

2.7'
B.73
32.0'
'7.70
90.68

131.00
171.60
19.1.oo

- --- --- -- - . - -- ------- -- --. - - - -- - - -
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Te1e ~11. Estim.tion of leng, of Intrusion for v....ous IqUlfer
depth when Qp • ..-n /dll1/metre width

-- . . . ---. - . -. -. . -. . ------. --- . - -- -
Depth
(m)

Le"lth of intrusion
(m)

· . ---. - - . . -- . - -. - -- -- -- . -------. --
3.

16.0
37.01
66..,

10"2'
l'O.U
20'.11
221.~

· -- --- --. . -. . -. ------- -. --. --. . - - -

TIble "19. I!.tlm.tlon of 1enB~ of IntfUllort for V.nOUI -.utter
depth when Qp • 6 m /dtl/lmetre width

· --. . -- . - --. ----. -. . . . - . . ---- -----
Depth

(m)
Length of intrusion

(m)

--. - . ---- - -. -. -. . --- . ------- -. . . - .
,

10
U
20
2'
JO
),
36.)1

..26
19.01
4).10
71.110

122.19
177.26
241.'2
260..6

-. . -. . . -- . -. . --. --. -- . - --. - - - - - - --
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Table 4.20. Estimation of jength of intrusion for various aquifer depth
when Qp = 8 m /drj/metre width

Depth
(m)

;
10
1;
20
2;
.30
);
.36.37

Length of intrusion
(m)

;.4
23.34
'3.23
9'.08

148.89
214."
292.37
31'.7'

Table 4.21 Estimation of l~gth of Intrusion for various aquifer depth
when Qp = 10 m /day/metre width

Depth
(m)

;
10
1;
20
25
30
.~;

36.37

Length of intrusion
(m)

7.11
2'.78
67.;8

120.'0
188.;3
271.69
370.00
399.'0
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Table 4.22. Estimation of le~th of intrusion for various aquifer depth
when Q = 12 m /day/metre wIdthp

Depth
(m)

,
10¢
l'
20

2'
)()

15
36•.~7

Length of hltrusion
(m)

10.0
40.83
92•.'8

164.'0
2'7.2
370.'2
'04.43
'44.72

Table 4.23. Estlm.tlon of le,gth of intrusIon for various aquifer depth
when Qp = 14m /day/metre width

Depth
(m)

Length of intrusion
(m)

- - - - - - - - - - - - - - - - - - - - - - - - -- - - - - - - - - - - -,
10
15
20

2'
30
3.5
36.37

1.5.9
64.2

144.62
2'7.27
402.10
'79.12
788.32
8'1.26

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
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Table 4.24.

Depth
(m)

AdvlnCement of .altw.ter wed&e with IncNased groLl'td
water exploitation

Q =QI Q =3/4QI Q =2/3QI Q =QI/2 Q =QI/4

---- - -- - - - - - -- - - --- ---- - - --- - - - - - - - - -

5 2.18 .3•.55 4.18 6.00 12.75

10 11.87 16•.56 18.82 2.5•.50 .51.79

U 28.01 38.2.5 43.21 .58.03 116.8

20 .50.61 68.60 77.37 103•.57 208.0

2.5 79.67 107.64 121.28 162.12 325.0

30 11.5.19 1.5'.34 17.5.0 233.68 468.17

3.5 157.16 211.72 238.38 318.2.5 637.30

36.37 171.06 228.69 2'7.46 343.69 688.21
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levet. then! would be • ch~e for lannlty Intl'Ullon. Hence no further

pwnplna for IIrlculturai purposel Is recommended•

.., Slte.K..........

Basic observatlonl

From the bore hole d.t. given In Appendix III, the depth of

the aquifer was foWtd to be 2'm. Dllteee of selected weUs from the

thore were 2.,.76 m, " .., m and )8'-1 m respectlwly. The coefficient

of pennelblllty "'as calcul.ted as 119.71 m/dey. Figure 3.6 ahows the

measured v"ues of helaht of fresh .ater•

..3.1 Aquifer dllChMp (QI)

The .fer dlach«ge et the time of the observ.tlon •• calcul.ted

as 3.91 m'J/d'llmetn! width of coast Jlne. The lettgth of Intrusion correa

pondI"I to the aquifer dbcharze •• found to be 2l'.7'J m. Figure 4.2S

show the 1e"lth of Intrusion when the aquifer dllChatle Is 'J.'1 m'J/d11J1

met... width of coast line. The selected weUa were sltu.ted .t • dlattnee

of 2".76 m, 'J'''' m _ ..6.1 m from the lhore. So the wells weN

loc.ted beyond the ave length of lntrwlott. Therefore theN .as

no •• water lntrullo" at the time of obIe........

Table ••26 gives the w.ter .,alylll NlUlta. The ",.ter lamples

weN Inalyaed for pH, EC, C.++, Mg++, and N.+ contents. It "'as foWtd



E.tlm4ltlon 01 IetIIth of intrusion for v.rtous aquifer depth
wheIt QI I: ).9J m"/d.,/metre Mdth

- -- . - . . --- . - --- --- . . ---- - - ---- . ---- - -
Depthem) Lensth of h'trwl"fl

(m)-- - - -- . ---. - ~ . -- ~ -. ---. -. . . --- . - - -. --
) '.2
6 11.78

9 'l ..a
J2 '6.20

1.5 11.0

u: 126.10

21 172.74

24 22'.7'

. ---- . --. - -. . - - -. - . . -. -. -. . . - . - - -----

• - • • • - - • - - -. - - - • - - ~dOJ • • - • - • • : - - - - - - - • • - •
.. Soafte of SocIt.wn pH .......... C8IDhIft MagheIIurn CeIc:hIm + SodIum... .etef:'= wit, M...._

"8110 (u""-lem)~,. m.eq/ltre rn.~,."....,.

- -. . -. . . -. . . - -. . - --. . . . - . . . . . -. . . . -. . - - . -
1

%,
wen No...

wen No.2

Well No. ,

1.) )00

7•.U 400

~oo

0.6095

O.'U75

0.273

2.18" ,.,.,

'.?257S '.66'

. . . -. -- - . . --- -. - --. - - . -. . -. -- -. -. - - - . .
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1110'13

that pH valuel varied frvm 6.7 10 7.", EC varied between 300 to

.500 l1mhJs/cm and SAR ~M1ed frem I.." 10 I.". With reference to the

c1au1flcatlon of Irrigation .aten, the w4t1er Ilmples come under C2 • S1

cl-. So the quality of .ater '1 loect.

Thentfore there w. no l.umty lntrullOf' problem beyond 22'.7) m

from the shore.

Molmum pumplns rate of fNlh ....r for vario.. depth of wells

were calculated with the help of a computer Pf'Ogrlmme. TIble ..27

·llvu the maxlmum punpi,. rate of flUh wa..r at a dlat~ of 2.,.76 m,

),.., m .. )16.1 m reapectlvely. The poahlema of the interface for

1enIth of intrullons of 24'.76m, " .., m and )16.1 m ere shown In

FI.s. "26, ..27 and "28. The ....th of mtftJlkm for varto.. pumplns

ra"l were calculated Ind are "WI' In Table "27. FlgUN 4.29 sho....

the punt'" ra'" of varioUi ....th of ...tl'llll.... FlgUNS 4.30 to .."

show the ....th of Int.....on when the pwn"" ,.. are 0.2 m'/dllJ/metre

width, 0.' m'/dl1J/metre width, 1 m'/d.,/metre width, 1.' m'/d.,/metre

width, 2 m)/dllflmetre wktth, 2.' m)/day/metre width and , m)/dlfYl

metre width rapecthely. Uliftl the. Ir'" the depth of the wells

coukl be fixed without caalng the preblem .f aaUnlty.



Table 4.27. Computation of maximum pumping rate for various distances

from the coast

~- t~ - - - - - - M;xI~~; ;~~n; ;.~ -(n:3id~im~;~- wid~h) - - - - - - - - -
p - - - - - - - - - - - - - - -

(m) X = 2"'.76 m X = 3'4.9 m X = '86.1 m

1 3.9037614 3.90'60" .3.90'9'82
2 3.88'04'1 3.8926017 .3.8940077
.3 3.8.5.37633 3.87098'7 3.8741491
4 3.8100917 3.8407'86 3.8463821
5 3.7'38'.50 3.8019199 .3.8105311
6 3.68'2283 3.7'42944 .3.7669475
7 3.60110366 3.6980'7. 3.71'1043
8 3.'103669 3.6.H2092 3.6".5283
9 3.1f.042199 3."97491 3.'1104.2
10 3.21'6832 3.477'035 3.5124757
11 3.1.54.5811 3.3161217 3.4289992
12 3.0110891 3.2873'28 3.33376143
13 2.1.5.5032 3.1792724 3.2383213.. 2.68"849 3.062'811 3.1309440
1.5 2.'0.5660.5 2.9372783 3.0158341
16 2.3122'8.5 2.8031886 2.8926404
17 2.1064668 2.660663. 2.761'380
18 1.1881974 2.'093'10 2.622.5276
19 1.657'38. 2.).,6032 2.47.56018
20 1.4141f018 2.1110684 2•.320606
21 1.1'887.57 2.0039222 2.1'78708
22 0.89087176 1.1181648 1.98687.54
2.' 0.610.56638 1.(2)7962 1.8083234
24 0.31778312 1.42061107 1.6216874

- --- - - - -- --- - -- - - - - ---- -- --- - - - - - - - - - - - -



Table 4.28. Position of different length of intrusion for various aquifer depth

- - - - - - - -- - - - -- - -- - - --- -- - - -- - - - - - - - -- - - -
Depth
(m)

Length of Intrusion (m)

L1 =: 24.5.76

3 .l.' '.3 .5.8

6 1.5.1 22.0 24.0

9 34.3 49.7 .54.1

12 61.2 88•.5 96.3

15 9.5.9 138•.5 1.50.6

18 138.2 199.' 217.0

21 188.2 271.6 29.5.3

24 24.5.76 3.54.9 .'S86.I

Table 4.29. Computation of length of intrusion for various pumping rate

Ma'Ymum pumping rate
(m /dav/metre width)

3

2•.5

2.0

1•.5

1.0

0•.5

0.2

Length of Intrusion
(m)

971.32

626.81

462.64

366.58

303.'1

2.58.93

238.00
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Table 4.30 Estim ation 1of length of Intrusion for various aquifer depth when
Qp =0.2 m' /day/metre width

Depth
(m)

.3

6

9

12

1.5

18

21

24

Length of intrusion
(m)

.~.4

14.4

.3.3.2

.58.70

92.70

1.12•.50

182.10

238.0

Table 4.31. Estimation f,f length of intrusion for various aquifer depth when
Qp =0•.5 m' /day/metre width

Depth
(m)

.3

6

9

12

1.5

18

21

24

Length of intrusion
(m)

.~.7

16.0

.36.2

64.5

101.0

14.5•.5

198.2

259.0

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -- - - -
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Table 4.32. Estimatio~ of length of intrusion for various aquifer depth when
Qp = 1 m Iday/metre width

Depth
(m)

.3

6

9

12

15

18

21

24

Length of intrusion
(m)

4.5
18.5

42.5

75.0

118.0

169.1

232.3

.300.8

Table 4.33 Estim ation o! length of intrusion for various aquifer depth when
Qp = 1.5 m IdlJy/metre width

Depth Length of intrusion
(m) (m)

.3

6

9

12

15

18

21

24

5•.5

22.7

51.4

91..3

143.1

205.7

280.6

36.5.8

- - - - - - - - - - - - - - - - - - - -- - - - - - - - - - - - - - - - - - - -
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Table 4•.34. Estim adon f,f length of intrusion for various aquifer depth when
Qp = 2 m' /day/metre width

Depth
(m)

.3

6

9

12

1.5

18

21

24

Length of intrusion
(m)

7.1

28.6

6.5.0

11.5.0

180.6

2'8.8

3'4.2

462.6

. - - - - - - --- - - - - - -- - - - - - - - - - - - . - - - - - - - - - - ~

Table 4•.3.5. Estimation o~ length of intrusion for various aquifer depth when
Qp = 2.' m /day/metre width

Depth
(m)

J

6

9

12

l'
18

21

24

Length of intrusion
(m)

9.7

.39.0

88.0

1'6.6

244.8

""2.'
479.9

626.8

--- -- - - - - - - - - - --- - -- - - - - - - - - - - - - - - - -- - - -
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Table 4.36. EstlmatJo~ of length of intrusion for various aquifer depth when
Qp = 3 m /day/metre width

Depth
(m)

Length of intrusion
(m)

- - - - - - - -- - - - ---- - - - - - - - - - - - --- - - - - - - - - - -
.3

6

9

12

1.5

18

21

24

1.5.1

60.6

136•.5

242.7

379.4

.546.2

743.6

971.3

Table 4.37. Advancement of saltwater wedge with Increased groundwater
exploitation

Length of Intrusion (m)Depth
(m)

3

6

9

12

1.5

18

21

24

Q = QI

3.2

13.78

31.110

.56.20

88.0

126.8

172.74

22.5.73

Q = .3/4QI

4.'"
18.6

42.1

7.5.0

117.'

169.1

230•.5

300.8

Q =2/30.1

'.1
20.8

47.4

83.9

132.1

189.1

2'9.1

336.3

Q =QI/2

6.9

28.1

63.4

112.9

176.'

2.54.2

346.0

4.52.1

Q =QII4

14.0

.56.4

127.1

22.5.7

3.53.2

.508.0

692.3

903.23
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4.3.3 Advancement of saltwater wedge with Increased ground water

explcl tatlon

The advancement of saltwater wedge with Increased grcundwater

explcitatJon 15 shewn In Fig. 4.37. If the aquifer discharge reduces to

two-third of the present aquifer discharge, the Interface comes nearer

to the second selected well. \tIhen reduced to half and one-fourth of

the preserlt discharge, the in terface goes beyond the selected wells.

Therefore there is a change of salinity intrusion if the aquifer discharge

is reduced beyond the present Iquifer discharge. Hence there is only

limited scope for further pumping.

The result of the studies are lumm arised in Table 4.38. Fresh

water could be pumped from esch weU at a depth upto bcttcm of aquifer

of each site.



Table 4.38. Compar.tlve study of results

--- - - -- - -- -- - - - - -- - - - ---- - -- -- -- - - - . -- - -- -
Sl.
No. Details Site

- - ---- - - - - - -Nattlka Tallkulam Edamuttarn
- - - - - - - -- - - -- - - - -- -- -- -. ---- ---- - - - - - -- -- -

1.

2.

Depth of aquifer from mean sea level (D)

PermeabilIty coefficient (k)

3.81 m

120.92
m/day

36.37 m

178.17
m/day

24.0 m

119.78
m/day

3. Fresh water discharge (QI)

If. Length of intrusion (L) 38.02 m 171.06 m 225.73 m

,. \lIell location from coast line

\lIell 1 188.'9 m 178.110 m 24'.76 m

\lIell 2 260.93 m 283.78 m 354.90 m

\lIell 3 31f8.'3 m .l62.79 m 386.10 m

6. Pe~l.slble maximum pumping rate *
(m /day/m)

\lIell 1

\lIell 2

\lieU 3

0.71

6.92

9.23

0.32

1."2

1.62

- -- - - - - - - - - - - --- - - - - - - -- -- - - - - - - - - - - - - - - - -
* \lIell depth upto bottom of aquifer
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SUMMARY

The problem of cont""l"w.n of 1Ul'fec:e InCI groWldwater by

the IntRlllo" of salinity from the .a 'I ..ry common in co.tal .....

The PNlent ltudy •• conducted on three ..U.... In Trtchur eftstrtct

n""ely Natdk., TalkuI.-n and EdemUltlm. Field observadons were

taken in the ebservatlon weill ."1 the .upments nonnal 10 the co.tUne.

The equlfe, p.aneten for thne lites weN detennined using the bore

hole d~a for the sites.

The equlfer dbchMie of N~tlk. lite •• found to be 3.1. m)/

d,,/metre width of co.tllne. The"th.f mtMlon corresponding

to the equlfe, dilC"-Ie •• lI.o2m. The posItkm of interface _

the mRimlin ra" of pwnplrtg of IreWMt••r from the equAler for

van... depthl weN detenninecl ..,. the equation of the Interface.

m'tlnee of the selected weill fnm the shore _I'll 111." m, 260.'.1 m

_ )UJ' m Nspecthely. TheN.M no NJlNty a"tl'Ullon at thll site

bee... the selected weill _N foWtd to Be beyGlld the lenath of Intrusion

col'NlpOftdl"l to the p....nt aquifer dlICNqe. The chemical ana1y1l1

btcIcated th8t the water of thll .... "M f.... fNm 'alt eontent.

11.'" m.1/dayImetre width of COMtllM WM the aquifer dilCh....

of Tallku1an site. 171.06 m .M the length of intfUlion colftlpOltdins

to the aquifer dllch-se. The ...ted _Us weN 111.,"" 2I.J.71m

and )62.79 m a.,ay f",m the co.tUne. The _Us we... 10",", to lie

beyond the length of lntruslon corretpOhdlna to the Prelent aqutler



dllchllp. Thew.., quality tat showed u..t the quality of w..r

w. pod. So there w. no .all'''ty lntl'Ullcm ~ T allku1lm.

The equa'e, dltcNqe .t Kahimbrlm •• 3.91 m'/drt/metre

Mdth of co.llIM. The 1enBth of lntfUllett COlftlpOnctms to the equll.'

ditch.... w. 22'.7' m. The telected well. were lltu.-d at a dI.t.ce

of 2".76m, »"9m _ )16.1 m retpeCtI_ty from the co.t. There

... 1\0 .......ty Ilttr"'" bee.. the chemical .,alylil did Nt show any

up of Nlt COIt....t _ the -.111 f.... to He beyend the length

of Iftl........ celftlPDl'dhtl to the "'181'1 fer dllChal1e.

AdYtneen....t of aaltw..r we. _th Incnt_d groUl'dw..e,

exploitadon shoftd ~ Ihr:re M)ukf be a chtnee of •.unlty I"t"",on

If lhe aquifer dlleh..- II reduced from the praent aquifer dltchBge.

At Tallkularn when the aquifer dlschMl. II reduced to one-fourth of

the PftJlent aquifer dilChMge. the ....Ih of IntrWkm would be 688.21 m

wNch i. beyond the present .Jected weI" At K.hlmbrlm whe" the

aquifer cAlChatge I. reduced tc) hall eel one-fotwth .f the pretent ..,wier

dischalle, the IIt.dace .. fOUNt beyOf'd the .lected .,,,.... So there

would be a chance of "nlty Int...... ~ TaIlku11m Mld K.hlmbra-n

if the aquifer dllchafle I. Nducect 'Nm the pNIeIlt aquifer dllChMp.

The Gfttenninatkln of lnterftce poaltiON for v-'o.. punplng

r.te. couJd be effecdvel)' used In fl.... the Joeatt.... of weill. The

NIUlt of the p....nt .tudy lead _ a better "'nt"" of the ••

water lntrullon prebJem and thne coukS be m" ... of In the deliAn



It'd plamlng of sroWtdwe.r sy.tem. In co.tel ere. for a better utAH·

.etion of the gro",",water resources.

It w. found thet Hmited quantity of S",W1d ..eter Itorll. II

...Ulble In Nattlke, TeJJku1em and K.hlmbrlm...... The clellan

of aroWMtweter sy.tem• .-qul.... funher .t&ldle. auch • I

1. QuedtetiYe ..tlmadon of aroundwater flow for V....OUl months

of the yeM'

2. Allellment of gRKltdweter .tor. for dlfle..t MIION

~ Groundweter~e~p_tem

.. AYer.e Mnuel ,lInfelJ

,. Mean IMUeI mnlmum _ mlNmum temperature

6. F.....ncy of P'l"plna and pgnplna schedule.
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Appertdlx I. Lithology of N.Ittlk.I site

. . ---- - --. . . -- . ---- . . - --- . --. -. -. - -
Lithology

Depth ,.,..
(m)

Thlckneu
(m)

- - --. - . . ---. -- ---- . -. -. -------- -- -.
Strtd, fine to medhm Srllned

Stnd, fine to medium l,alNd, brown
II-I,ained

Sand, co..., to wry co... If.wlly,
_"'lui. to _ roWtded, yellowl.h
1"'1 with aenddes el bluish SNy
clay _d Inclu.... of lateritic
.,alN te shell.

Sand, co...., yellowllh to grey
cl.,ey, with lncJ..... of lhells,
l.terlte

Clay, bluish, gNy, Itlcky, pi_tic,
I"tercalated with co... g,alned
lind and 1..cIUllona of shells

Clay, slndy, bluish grey

Sind, CO.. to very co..., I&b
ft)WMted, yellowish lrey, i"tereal.ted
with bluish grey, Itlcky clay

Clay. bluish .rey, Itlcky, pI_tic
with mirtO' I. It....

Clay, bluish IIeY to dark INy,
Itlcky

Clay, blu1ah grey to dark grey,
Idc:ky with • little sand .It'd lnclUlicm
of l.terlte and c.t1c:ereoUi material

S", ell,.y, co... to very co..
bluish aNy to yellowish grey with
InciUllo" of greemlh m_rial

Sartd co.. to very co...., .ub
rounded yellowish grey with mlMr
shell '"elUIION

-- --------.-

)'0' - 6.10

6.10 - 9.1'

9.1' - 12.19

12.19 - 1'.2'

1'.2' - 1&.29

27.')· JO.48

3.JJ) • )6.38

3.0'



(contd ••••••)

Lithology Depth range
(m)

Thickness
(m)

- - - - . --- --- - - -- - -- . - - --- ---- - - - --- - - - - -
Sand, very coarse to gravelly with
minor Intercalation of bluish grey
to yellowish grey clay

S_, very coarse to gravelly with
minor intercalation of bluish grey
to yellowish grey clay with minor
llgnlte lentlcles and yellow ochre

Send, very coarse to gravelly, grey,
U rounded

Sand, coarse to very coane, sub
rounded whitish grey, clayey

Send, medium to coane sub rounded
with occasional gravel, intercalated
with yellowish grey clay

Send, coarse to very coarse, ,ub
angular to sub rounded wi th inch.ion
of marcasite

Sand, coarse to very coane, sub
angular to sub rounded with Inclusion
of marceslte with little whitish
to greyish clay, plastic, sticky and
Inclusion of l,terite

S-"', coane to very coarse, sub
rounded yellowish grey with minor
Intercalation of clay of dark grey
to bluish grey and marcasite

Gravel, sub rounded to rounded
greyish with Inclusion of marcasite

Gravel, sfA) rounded to rolllded
ireylsh with inclusion of marcaslte
Intercalated with whitish kaollnlsed
clay

39.62 ... 42.67

4'.72 ... 14.77

••77 ... '1.82

'''.6 ... '7.91

'7.91 ... 60.9'

67.0' ... 70.10

3.0.5

3.04



(contd ••••• )

Lithology Depth range
(m)

Thickness
(m)

- - -- -- - -- -- -- - - - - -- ----- -- --- -- -- - - - - -
CI8Y, whitish to grey, pi_tic, sticky
Intercal.ted with medium grained
sand and mlc.

.e.thered bloBte gneiss with lot
of qu.rtz pebbles and I Uttle kaoUnite
cl8)'

I'e.thered bioUte gneiss with lot
of qu.rtz pebbles and • Uttle kao
linitic clay

70.10 - 7).1'

73.1' - 76.20

76.20 - 79.2'

3.05

).0'

-- -- --- - ------ - - - -- - - - - - - - - - - - - ----- -



Appendix II. Lithology of T.likulam site

- --------- ---- - --- --- - - --- - - - - -- - _. - - -
Lithology

Sand, fine to medium, sub rOlilded
greyish white with ferruginiou5
minerals

Sand, medhm to coarse, sub angular
to sub rounded, yellowish grey with
abundance of .hells

Laterite, brown to dark brown,
gravelly admixed with yellowish
grey, co.rse grained SInd IIld a
little clay and shells

Sand, co.rse grained, sub angular
to sub nnl1ded, yellowish grey with
l.terite gravels and miner speck
of whitish clay

Sand, very co.rse grained to gravelly
sub angul.r to sub rounded, whitish
to yellowish with inclusions of
l.teritic gr.vel and shells

Send, very coarse grained to gravelly
sub '"aul.r, yellowi.h grey with
abundtnee of dark brown carbona
ceous clay, llInite, c-=.reous matter
Ind shells

Sand, co.rse to very coarse sub
Ingul.r to sub rounded yeUowlsh
grey to whiti.h

Sand, very co.rse grained, sub angular,
aref, Intercal.ted with carbonaceous
clay end lignite

C.rbon.ceous clay and llanlte admixed
with very coarse to gravelly sand

Depth range
(m)

o- 6.10

6.10 - 1.3.71

13.71 - 17.07

17.07 - 21.J4

Thickness
(m)

6.10

7.61

4.27

7.9J

12.20



(contd ••••• )

. . . . . --. . -. . - -. - . . --. . - . . -- - ----. --- -
Lltholog Depth ''"Ie

(m)
Thlc_u

(m)
. -- - -. -. - . . . - -- -- -. -- . -- . . . -- . . . . . . . -

Sind, co... to very co.... grained
u angul... to sub rounded, yellowish
grey to whitish with Inc:IUllons
of mereilite

Sand, very co.... to gr.-Uy, aD
qut.. to .." row.ded, yellowi""
are)' • whitish mten:elated with
wNtish to a..yllb cJ., with Inc}uIION
of marc..lte and femmtpetlln
ml..,.

Cl." llthomarak:, whitish to p.
arey pilltlc, edrnhred with co...
to \Ie" c:eane sand pieces aNI
ferromape8i", ml".,.

-eathentd blollte gnella

'''0·7l.U

73.1' • 79.2'

7/,2

..26

--. - . - -. . --- --. . . -. . . -. -. . . - -. - -. --- . -



Appeftdlx III. Uthology of K.hlmbram Itte

- ----- - -- -. ---- . -- - --. --. -- . . - -----. --
LlthoJoay Depth rInSe

(m)
TNcJcneu

(m)
- . . . . . -. - - . - . - . - -. . . . --. -. . ---. -. . ----

Send, 11M to medlwn grll.d, N>
qui. to _ ret.l'ded, breWl'
Idmlxect with ferrorrullMIi", miner.
l*rltIc Ifawls

Sind, mecIIurn to coarse, ....ua.,
to s. reWtded, yelk>wlsh brewn
-. INY Ildmlxecl with laterite _
shells

o • 12.19 12.1'

Send, co... to _ry co.. S,.ned
at piece C,aftlly, IUb "'Iular to
sub roUllcted with minor Itrealel
ef fIN .end .... with _ry miNr
tr... .f • ..,t. day If\d Inc1uIIona
.f she.1I, femnn.....um m....' ...

Clay, bluish INY, aemi pl.tIc,
ItIcIty with miNr Itreakl ef co...
.. wry co.. sand

Sind, cl.,." CO.. to ¥ery ectane
.. "",_, yelle....Ny to whltlIh,
admixed with clay .f bluish I..."
sticky, pl.de with InclUliona ef
c__aceous matter

u.~n· 21.'3 12.19

27••3· JO.41

JO." . 3),'3

CI." bluish INY, hard, sticky plll1lc
with I"clu.o.,. of cerbo".ceoul
pertldel

Sed, ¥elY co.... to Ifa¥eUy .
..uler. yellowish .Ny, in..re.....
with bluish grey to yellowish IRtY
cl., ".12 • '1.77

12.19



(contd ••••• )

- - -- ----- ---. --. ---- -- - - --- -- - - - - - - - - -
Lithology Depth range

(m)
Thickness

(m)
-- --- - -- ---- ----- . - - - - ---. . ----- -- --- -

Gravel, sub angular, yellowish grey
to grey with very minor streaks
of bluish grey cl-r which becomes
kaolinitic towards the bottom

Gravel. with abundance for fieldspar
ferromagnesla". Intercalated with
more of kaolinite cl8)'

C1-r, dirty white to buff colour,
kaolonlte, sticky, with abundance
of quartz, weathered field.par
and ferromagneslan minerals

64.01 - 70.10 6.09

------- - - - - ------ -. - . - - - - - --- -- - - - - - -



Appendix IV. V"..-. 01 coefficient of permeabUity

. ------- --. . . . . --. ---- -. . . -- . . - ---
SoU type Coeffldeftt of penneibillty

(m/dllf)-. -. ----. --- -- --- . . . - - . . .' ------ - -.
Limestone 0.o00ooo. oo1סס.0

S"tofte 0.00012 1.2

Clllf .OOסס.0 0.0'

SUt 0.0' 0.'

Very fine 1Jr1d 0.' ".0

Pine lind 4.0 110.0

Medlum S_ .0.0 110.0

c....1nd lSO.O 260.0

Very co.... slfld 2~.0 320.0

Very fIN".-1 320.0 .'0.0

fine If.vel '~.O 61JO.0

Medlwn Ifavel MO.O · '00.0

Co.. ".-l 900.0 · 1200.0

Very co... Ifavel 1200.0 · IMJO.O

---. --. ---. -. . . . - - --. . . -. --- . . . - --. .



Appendix Y. V.lues of porosity

--- --. . . --. . --- . . . . . . . --- -- . - . -
Materiel Porosity. --- - --. . -. . -. -.-. . ---- . -----. .

Soils '0 · 60

C1-r ., - "
SUt *0 · ~

M.oum to co... mixed __ " · ~

Unlfonn .ed )0 - 110

Fine to medhm mlxelt

SInd 30 - 3'

Crawl ]0 - flO

Cr.vel Ind •• 20 · "
Sandstone 10 - 20

Sh* 1 • 10

Umestone 1 - 10

. - . -. . - --. -. -- . -. . . -. . - - . -. -- - .



Appendix VL Computer prolramme

DM:NIDI Y (.a», ., (.a», c (.to" Qf'1 (.eo», .. (.eo», fIR (.eo)
REAO (1,.) AUA. AI<, X. .. N

.. F'ORMAT WIoJ, 12)
00 Z ,. 1. N

C H.f'A IS TfoI: [xass DENSITY RATIO
C AK IS TIC CO'. Of' POUoCA8I.ITY ,. NlWlR
C AI< IS Tt€ X CORDt4ATt Of' -.TWACE
C QI IS THE HTIA&. DIICHMGE
eN. THE NUMBER or 08StRVATIDNS

READ (1, Xl) Y CD
:JO FORMAT (FU)
2 CONTHJE

A1 • .J2J(AU'A-Ak)
81 /I Z-X/(1 • AUA)
DO , I. 1, N
C CD ... 1·NA*AI<-V (O-V(I)
Clr1(OaSQRT(81416,..-A1ec(1)
..(1)t-1 81+Gr1(I))/(2eA1)_m--, ,....,(OV(24tA,)
PR(J)a(ABS(QI)oA85(Cif'(1))
WRITt (2t20)Y(O,QZF(O.sr<O.PR(1)

20 FORMAT (";15.8)
, CONTNJE

STOP
END
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AlSTRACT

Studies were conducted In thlH YlU.... -'0,. the coastal tn. of Trtchur

district, nemely, Nattika, Tallku.l.m _ Edemuttam, to know the extent

of Ie, water Intrusion throUBh .......... ObIenations wre made In exlstins

weUs alOf\g an allpment normal to the co.t nrte. Aquifer p.rlmeten and

fresh water flow lhroUSh the aquifer weN computed m.klng use of borehole

data pltJele for the region. The positions of the lnterfeces were determined

_Ill ••tIbHIhed 'enoulate. The po_hie shifting of the interface. doe to

reduction ." fNsh fl.' dltcherge consequent to future lncreaeed _ of

pt.IIlplf'lg w. prMIcted. In each Yln.e, three weU. were teke" for the study

purpose. In.U the c.-., the maximum r.tes of pumping for vario...pthe

of wells, which will not c.. sea water 'ntrusion problems, haw been deter

fftlMd. ChemkaJ .aly_, "Ihoweel that, at present there wa f\O salt ",ater

"'tNllen in the weill ~r .tuefy.

The NlUlta of the pre.nt study- lead to a better lR\denttf'dlns of the

.e _-.er Intrusion problem, the determln.don of the position ef the Interfaces

tor vmo. pumping r.tes might be effectlwty wed In fixing the loc.1Iem

of -Us, pump1ns r.tel .- depth of weUs. The study would be mlde use

of .8lI"iJ\g • gl'O\lld weter I)'stem In co.tal .... for a better wH••tlon

of groUPCf w.ter l'ftOurces.


	image59837
	image59838
	image59839
	image59840
	image59841
	image59842
	image59843
	image59844
	image59845
	image59846
	image59847
	image59848
	image59849
	image59850
	image59851
	image59852
	image59853
	image59854
	image59855
	image59856
	image59857
	image59858
	image59859
	image59860
	image59861
	image59862
	image59863
	image59864
	image59865
	image59866
	image59867
	image59868
	image59869
	image59870
	image59871
	image59872
	image59873
	image59874
	image59875
	image59876
	image59877
	image59878
	image59879
	image59880
	image59881
	image59882
	image59883
	image59884
	image59885
	image59886
	image59887
	image59888
	image59889
	image59890
	image59891
	image59892
	image59893
	image59894
	image59895
	image59896
	image59897
	image59898
	image59899
	image59900
	image59901
	image59902
	image59903
	image59904
	image59905
	image59906
	image59907
	image59908
	image59909
	image59910
	image59911
	image59912
	image59913
	image59914
	image59915
	image59916
	image59917
	image59918
	image59919
	image59920
	image59921
	image59922
	image59923
	image59924
	image59925
	image59926
	image59927
	image59928
	image59929
	image59930
	image59931
	image59932
	image59933
	image59934
	image59935
	image59936
	image59937
	image59938
	image59939
	image59940
	image59941
	image59942
	image59943
	image59944
	image59945
	image59946
	image59947
	image59948
	image59949
	image59950
	image59951
	image59952
	image59953
	image59954
	image59955
	image59956
	image59957
	image59958
	image59959
	image59960
	image59961
	image59962
	image59963
	image59964
	image59965
	image59966
	image59967
	image59968
	image59969
	image59970
	image59971
	image59972
	image59973
	image59974
	image59975
	image59976
	image59977
	image59978
	image59979
	image59980
	image59981
	image59982
	image59983
	image59984
	image59985
	image59986
	image59987
	image59988
	image59989
	image59990
	image59991
	image59992
	image59993
	image59994
	image59995
	image59996
	image59997
	image59998
	image59999

