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INTRODUCTION

Kerala State has a ooast line of 560 kilometres extendng from
south to north with a huge reserve of groundwater. Since groundwater
is a repienishable resource, there is ample scope for its development.
Trichur dstrict Is having a coastal length of 66 kilometres. The surface
geological features of Trichur coastal belt mainly consists of fine sand,

medum to coarse sand and day.

In coastal areas, fresh water requirements for industry, agricudture
and dmestic wes are often met from ground water resources as the
water from the surface sources are either poliuted or insufficent.
Effident management and design of ground water systems call for
accurate predction of the prooess of sea water intrwsion into coastal
aquifers. Studes regardng the avallabllity of fresh ground water and
its protection from sea water has become acute duting the current

century all over the world

Contamination of surface and groundwater by intrusion of salinity
from the sea Is a common problem in the coastal belt of Kerala. Most
of the common crops annot grow wnder saline condtions Vand thus agri-
cutural productivity of coastal regions is affected The paddy fields
of Kuttanad region is affected by the ingress of sea water into fresh
water either through tidal surges or through suwb soll seepage. The sea

water intrusion structures bullt in the Kuttanad region help to prevent



the flow of saline water into the rivers and backwaters to some

extent.

When ooastal aquifers come in contact with the ocean freshwater
Is dscharged into the ooran. Sometimes the seaward flow of groundwater
decreases or even gets reversed with the increased extraction of ground-
water. Thus the seawater has a. tendency to enter into the aquifers.
This phenomenon is alled seawater Intrusion. This occurs due to density
currents and tica! action. The density currents occur due to the density
diferences between seawater and fresh water. The problem of salinity
intrusion can be dassified into two groups acoordng to the nature of
occurrence. They are (1) salinity intrusion of surface waters such as
that through the estwarine rivers (2) salinity intrision into coastal aquifers.
The present study deals with the latter.

Under natural condtions the slope of the water table is towards
the sea, since the flow of fresh water towards the sea must come into
balsnce with the swply from the minfall infiltration. When steady
condtions prewail in the ground water system at a constant sea level,
a state of equilibrium will be established between the sea water and
the fresh water flowing through the aquifer which will lead to the
formation of a steady sea water - fresh water inferface. However,
any change in the mean sea level or in the fresh water dscharge due
to excessive withdrawal ot recharge will create a change In the geneml
equilibrium condtions caawsing the interface ® move 1 a new equilibrium
position through a transient stage. Seasonal fluctimtions in sea jevel
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siso oontribute to the unsteadness of the interface. The increase of
fresh water dscharge will awse a seaward movement and a reduction
in discharge will cause o londward movement. The former Is called
as o retresting interfoce and lstter a8 an advencing interfece. The
advencing interface is 8 common occurrence as the exploitation of ground
water resources by large scale pumping Is being attempted in various
parts of the world. In such cases It becomes sll the more important

to predict the rste and extent of movement of the interface.

The present study was conducted in three villages near the coast
line of Trichur district nemely Nattiks, Tallkulam and Edamuttom. The
main objective of the study was to check whether there Is sea water
Intrusion problem in the present situstion and if not find the chances
of intrusion with further exploitation of ground water. The study enables
one to predict the safe rate at which the avallsble ground weater resources

at & site can be exploited without any fear of sslit water intrusion.
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REVEVY OF LITERATURE

" One of the earllest reports of ses water intrusion was published
by Braithwaite (1350). He described the incressing salinity of waters
pumped from wells in London and Liverpool, England. (Todd, 1939)

Ghyben (1889) conducted studies on ses water intrusion in the
Dutch cosst and developed o theoretical relstion. The same relstion
wes presented independently by Herzberg (1901) from observation ot
the German cosst. The relstion was derived from the assumption that,
st equillbrium condition, the interface wes steady snd the pressure
st » point on it from elither side was ssme. A second sssumption was
that hydrostatic pressure distribution exist in the porous medium. These
two asssumptions lead to » significant relastion, Y, = Sola where Y,
is the depth of interface below mean ses level, so Is the height of
the free surface sbove mean ses level and @ is the excess density
ratio. This stetic equillbrium theory was used in developing basic equation
for more complex sspects of the intrusion problem. (Todd, 1959)

Brown (1925) had checked the validity of Ghyben-Herzberg
static equilibrium theory from field investigations and established the
wefulpess of the theory as a8 first spproximation for further studies.
He reported thet fresh water discherge could be observed on the coastel
line sbove mesn ses level. The concept sccepted wes thet the actual
interface was below the one suggested by Ghyben-Herzberg.



Hubbert (1940) considered s dynamic state of liquids for develop-
ing equstion for intrusion. He reported that velocity incressed s
flow approsched the outiet due to the converging nature of the Interface.
He sdded that the interface had a conceve shape with respect to the

fresh water,

Todd (1933) had done much work on the problem of ses water
intrusion at the University of Californls. This studies included » compre-
hensive litersture research on ses water intrusion ad its control. He
derived an equstion for sesward fresh water flow.

2
1 Ys - Y1,
where q is the sesward fresh water flow, Y, and Y, Sre fresh and sait
weter densities respectively. L Is the length of intrusion and b Is the
thicimess of the aquifer.

He suggested five methods for controlling intrusion. The methods

(o) reduction or rearrangement of pattem of pumping draft

®) direct rechsrge

() development of & pumping trough sdjscent to the cosst

(9 maintensnce of » fresh water ridge sbove ses level sione the cosst
(e) construction of artificial subsurface berriers.



Glover (1939) assumed no flow In salit weter for an asbrupt
interfoce between the fresh and salt water and gave an equation of
the interfece for an aquifer with s horizontal outflow face.

2
2 2101 X
v2 . 2lolx , plol, 2.2

Where Y Is the depth of the Interfoce below measn ses level,
Q is the fresh water discharge, X Is the distence from the cosst to
the interface, a is the excess density ratic and K is the effective coeffi-
cient of permeasbility.

Henry (1959) gave » theoritical trestment of steady stste problem
of ses water intrusion in » confined squifer with and without dispression
and derived theoritical equstions for the shape and locstion of the
interfoce and for the boundsry conditions. The equation for confined
squifer with & horizontsl cutflow face wes given below.

IQI 2.4
Yo * &K

1ol
Xo = 2“ 2.5

Where Y Is the depth of the interfsce below mean ses level,
a is the excess density ratlo, Y° and xo sre the co-ordinates of the



interface, X is the distance from the cosst to the interface Q is the fresh
water discharge eand K Is the effective coefficient of permeabllity.
The depth of Interface ot the outflow face Yo for a confined aquifer

0.781 and for confined

with » vertical outflow face wes obtained 2 o

squifer a8 9-‘2-:—2‘%9-'—

Rumer and Hearleman (1963) derived an aspproximste equstion
for the velocity of movement of the ses weter wedge Into » fresh
water squifer when it wes suddenly exposed to the ses water.

Vp = (akKD/% m)m 2.6

Yhere A2 is the velocity of the wedge toe ot time 't', ais the
excess density ratic K Is the effective coefficient of permeasbility and
n is the porosity. This equation was net generally used because » coase
of sudder expesure of an aquifer to sea water wes not often met with

in nature.

They derived an equation for the interface in a confined aquifer
with s vertical outflow face with Dupuit's spproximation.

2 12
Y (—%%Lx + 0.55 €91 3 2.7

Where Y is the depth of the Interface frem the mean sea level,
Q is the fresh weter discharge a is the excess density ratio, x is the



distance from coasst to interfoce and K is the effective coefficient
of permeasbility.

Charmonmaen (1965) used » new approsch to arrive sn exact
equation valid for unconfined equifers. He observed the behsviour
of the flow boundsries snd stream lines In the complex potential plane
and used some approximations to arrive st sn equation for the interface
in an unconfined aquifer with a horizentsl outflow face.

2
X=(l+a .‘QT'S.TY -ﬂ-;é& i&l

21Q 2.8

Where X is the length of the intrwion a is the excess density
ratio, K Is the effective coefficient of permesbility, Y is the depth
of the Interface and Q Is the fresh water discharge. He asssumed »
free surfece and neglected the seepsge face sbove mean ses level.

He proceeded to compare the solution with that for confined
squifers. Me arrived st the conclusion that the error in the interface
profile by spproximating an unconfined flow case to that of a confined
one was sbout 2.6 per cent st the shore line and 1.3 per cent ot infinite
distance from the shere line,

Columbus (1965) developed an equstion for the length of intrusien,
considering steady recharge into the unconfined asquifer.

L - (ea)axp?  orm?(o e w¥ 29
7 Q .
2Qy aK(l +a)




Where L is the length of intrusion, is the excess density ratio,
K is the effective coefficient of permeasbliity, D is the depth of the
squifer below mean ses level. Qr is the unit discherge entering the
squifer at the toe of the intruded wedge and w Is the rate of discharge
per unit sres from the ground level supplied for the entire length from
the cosst line.

When ¥ = 0, equation becomes

2 2 QT
( +a) axD? _ _o7a
L = 2 QT 2l +0) =K 2.10

He Iinvestigsted the problem experimentally with 2 viscows
" flow snalog model wsing salt water and distilied water. His experiments
showed that the equation for the length of Intrusion generally fits
well with experimental results except nesr the outflow face.

Ippen (1966) conducted the salinity intrusion experiments in
tidel flume of the water ways experiment station in Viksburg, Mlssluippl.
Basic factors govemning the selinity distribution In ‘estusries were the
effect of the tide throughout the salinity intrusion length, the effect
of gravitational forces due to density varistions between fresh water
from upland sources and ssline water entering from the ses, and the
gravitational forces needed to preduce » net sesward transpert of fresh
woter, The result wss o complete description of the distribution of
mean locs! salinity throughout the estusry of uniform section and for



which the tidal conditions in the estusty, ocesn salinity and fresh water
flow were lnown in addition to the geometry and roughness of the
channel,

Vappichs (1975) hsd done experimental and asnalytical investi-
gations on the cheracteristics of steady and transient interfeces. The
experimental results established the validity of the hypothesis employed
in developing the solution. An explicit equation was derived for the
steady Interface prefile in an unconfined aquifer with s vertical outtlow
fece. Equation for the interfece was given by

2
x.(ua)(-i-%-g—'f—‘gg-) 2.11

Where X is the length of intrusion, ais the excess density ratio,
Y is the depth of the asquifer, K is the ceefficient of permeasbility
and Q is the fresh water discharge.

He concluded that for determining the length of Intrusien in
s finite depth squifer, the equastion of the interface profile could be
used the depth of Interface st cosstal front for an unconfined aquifer
with a vertical outfiow face was 0.722 |Q| /ﬂ( The steady state solution
obtained for the interfece profile wes not only useful In locsting the
interface but siso for formulsting the Initial conditions for snalysing
transient interface problems. )



Redda et al. (1976) reported that the encroachment of selt
water could limited by discharging the fresh ground water inte the
sea. They mentioned that when ground water was moving a dynamic
rather than an hydrostatic equilibrium exist between fresh and salt
water and the depth to the interfece was grester than that forecest
by the Ghyben-Herzberg equstion. The interface between fresh and
salt water was marked by » zone of diffusion and the width of the
zone diffusion was related to the porosity.

Vappicha and Nagerajs (1976) developed an approximate solution
for the trensient interface In a coastal asquifer. Adopting the principle
of quasi-steady state analysis, the bssic equation wes formulated o
an ordinary differential equation of first order. The equation was
solved analytically and numerically for three different boundery conditions.
The solution was compared with experimentsl results from » viscous

flow analog model. The basic equastion wes given as

dy i i Q + cKYols
dt ) ) 2.12
s +cl§ﬂ
6 [%Tm"yo]
(4]

This was an ordinary differential equstion defining the veriation
of Yo with respect to time. Where ‘tf° is the Y co-ordinate of the
intertace. QT is the fresh weater discharge st wedge toe and 8 = 0.722.



This equation was derived for the following three boundary

cenditions.
A, Linear vearistion of surface source level
h?_ 2
QT = n K - ] 20! 3

Vhere Qr is the discharge ot the wedge toe K is the coefficient
of permeasbllity, hu is the elevation of surfece source level, o is the
excess density ratio, D is the depth of aquifer below mean ses level,
L, is the aquifer length L is the length of ses weter wedge and n, s
the retio of the actual fresh water discharge to the discharge obtained

from Dupuit's equation.

B. Linesr variation of fresh water discharge at wedge toe

The fresh water discharge was varied linearly at the wedge
toe from Ql to Q“ in time Tc’
Q-

QT = Ql ‘.-—-—of-.-—» ‘ 20‘.‘
C

Where Q.r is the discharge st the wedge toe Ql Is the Initial
fresh weter discharge, Q“ is the final fresh water discharge, T c is
the time required to effect the change in surface source level and
t is the time varisble.



Cc. Sudden veristion of fresh water discharge st wedge toe.

Qq ¢ a KY. /4

3
a -‘-——-‘;’-ﬂ-—ln..mw]]

2.15

Where Q = Qg
This equation wes solved by exsct and linesrised solution.

Exact solution was given as

ve Sruv oy - Rmvgy -Siy, v -

- + ----»] InA+BY/A+BY
% 'ﬁ ol 2.16

where t is the time

A = ‘Qf!
(l1+a) B8n
B ] 6 akK
(l1+a) an
c = D
E = k1)



Linearised solution was given as

Y Y
Y = y“,, ol __of

*E!B_‘ 2.17

.
+ -8Y
Where A, = -(L*-ﬂ‘ll-ﬂtg‘;"‘z'“ )
oa

Y° is the depth of interface at outflow face. Yol is the initial walwe
of Ye. Yof is the final value of Yo and Y“ is the average wailwe of

Y

ol and Yo!'

The quasi-steady state analysis employed for predicting the Inter-
face movement under wariows boundary condtions gave a simple proce dure
to arrive at approximate solutions for the transient interface problem
either in the advancing or retreating condtions.

Bouwer (1978) reported that saltwater could move wpward Into
the fresh ground water in aquifers inderiain by saline water. The pumping
of water from the wells cawed the fresh water salt water interface
% rise below the well. This uponing was in response to the pressure
reduction on the interface due to dawdown of the water table around
the well. If the bottom of the well was close to the smaline water and
the dscharge was relatively high, then the discharge coud be a mixture

of fresh and saline ground water.



Daniel et al. (1978) worked on subsurface seawater intrusion
barrier analysisc. They constructed an experimental subsurface barrier
in a small buried walley on Miyako-jima Island, Japan. The purpose
was 10 increase the wable storage of ground water within the aquifer,
and thus improving the avallability of water for lrrigation. Modfication
of pumping pattem and artificial recharge were employed to awid the
sea water intrwsion. They reported that the problem of sea water intru-
sion in an unconfined coastal aquifer catsed by ground water withdrawal
in the dry season. They analysed numerically wsing the Darcy equation
and the Dupult approximations. Simulations were carried out for cond-
tions of ground water flow both before and after the construction of
a proposed semiperviows subsurface Dbarrier. The analysis lead to a
conclwsion that the semiperviows barrier was able to delay sea water

intrusion even under the extreme condtion of total drought and continwos

pumping

Raghwath (1982) mve an equation for total length of intrusion
and time required for the foe of wedge % move the length.

~KH_
L = %2 2.18
' Y . N
Where K = x-——i—;,--—-—-
f

L is the total length of intrusion, H is the thickness of the aquifer,

q is seaward fresh water flow per wnit width of ocean front,K is the



permeability of the aquifer, Y¢ Is the specific welght of fresh water
and Y is the specific weight of sea water.

3
t = ELK';" 2.19
94

Where t is the time requited for the toe of the wedge t© move, n is
the porosity t Is dmensionless factor to be obtained from a master
curve and 9%y is the utimate fresh water flow per unlt width.

He had gven a detailed study of adwancement of saltwater wedge
with increased ground water exploitation. He also computed the position
and shape of the interface for wriows cases. He concluded that the rate
of landward sea water Intrusion was wefd for planning ground water

exploitation In coastal area.

Basak and Sebu Abraham (1983) had done a study on salinity intru-
sion problems in coastal wells of Triwndrum dstrict. This study revealed
a definit relation between depth of water table and salinity. Lowering
of ground water table was assoclated with the increase in salinity. Field
observations indicated that dependng on the Jocations within the coastal
belt, every centimeter drop of ground water table was met with an
increase of 5 © 4 ppm of total dssolved solick and an increase of
2 to 19 ppm chiorides. The sea water was drectly responsible for increase
of salinity and it was affected by a dstance of a half a kilometer from
the shore.



Institute of Hydraulics and Hudrology Poondl conducted a study
on ssitwater intrusion on cosstal aquifers of Temil Nadu (1988). They
sterted ground water investigstions In three aquifers nsmely Tamaraci-
palken, Punjetty and Minjur. The analysis of the weater quality dats
indicated that wells in Minjur squifer were showing signs of seriows
changes in water quality especially incresse in the chioride concentrations.
The analysis of dats on geophysicel survey conducted In the Minjur
asquifer showed that the fresh ssitwater interfece exist st sbout & km
west from the cosst of Bay of Bengal during 1965. Based on the latest
survey, the present ses fresh water interfece line was demarcated with
8 westward movement of about & to 6 km from 1969 interface line.
They concluded that there wes definite salt water intrusion in the Minjur
cosstal aquifer. /

Rajegopalan et al. (1936) conducted s study on ssltwater intrusion
in cosstel Kerals - A csse study In Kozhikode district. The results
indicated that the incresse in salinility during the critical period was
mainly due to the wells tapping from the mixing zone of fresh and salt
water sbove the interface.

Dave et gl. (1987) had done @ study on salinity ingress aslong
the coastal areas of Ssursshtrs - Problems and remedisl meassures.
Their results suggested thet the excessive withdrawal of ground water

without corresponding provision of sdequate recharge lowered the water
teble graduslly to # considersble extent and this resuited In saline water



intrusion due to s reversed hydraulic gredient. They suggested thet
the ortificial recharge techniques, salinity control techniques and manage-
ment techniques were the remedial messures for salinity ingress along
the Ssurashtrs region.

Gsajendraged et al. (1987) conducted » study on ses water
ingression into Pevanji river lesding to subsurface water contamination.
The aim of their stwdy was to determine the effects of salt water
intrusion and to understand problems related thereto. The mitigative
messures of ses weater ingression inte the rivers were the construction
of sait exclusion dam and percolation tanks.

Elango, Maenickam and Sakthivedivel (1987) conducted s study
on ssline ground water in heavily exploited coasstal aquifers - A case
study in Madres. This study was carried out to understand the extent
and scurces of salinity. They concluded that the high salinity may be
sttributed due to mixing of saline water by intrusion of ses water and
by infiltration of ssline back water in rivers, Irrigation returns flow
which was entiched in Concentration due te evsporstion and percolstion
of rain water through salt pans in esstern part of the sres.

Molykutty (1987) had done s study on salinity intrusion problems
in cosstal tracts of Trivandrum district namely Meenamkulam, Puthu-
kikurichi and Perumesthura. The main purpose of the study was to check



whether there Is salt water intrusion problems in the present condition.
She estimated the maximum rate of exploitation from the aquifer in
three villages to avoid the possibliity of intrusion. A computer programme
wes developed from quasi-steady state analysis to find the varistion
of the ordinste and length of intrusion with respect to time. The length
of intrusion was also calculated by Ghyben-Herzberg formulas.

It was found that sufficient quantity of ground water was availsble
in the cosstal trects of Trivendrum district. The svallsble groundweter
in the island portion of Perumathurs was completely polluted by high
salinity content. But st the time of observstion there was no problem
of salinity intrusion In Meenamiulem and Puthukkurichi.

Jecod and Ramen (1987) used surfsce geophysical methods for
mapping fresh-salt water interfaces in the coastal tracts. The electrical
resistivity and VLF techniques were wed for mapping the fresh and
salt weter Interfaces. Vertical electrical sounding (VES) wes conducted
st selected stations across the cosst line. While YLF resistivity meassure-
ments were cbserved as » repid tool. Their studies shown that the
technique was highly sensitive to detect saline fresh water boundery.
Based on this study, the maln source of potable water in some of the
coastal tracts had been prepared from the map.

Swamy (1987) conducted » study on analysis of interface of
ses water intrusion into cosstal asquifers. He presented an analyticel
model and thst was based on two dimensionsl flow with » free surfece.



He developed an equation for length of intrusion.

2
L = --RH ‘(ilogz_ 2,20

Where L is the length of intrusion, K is the permesbility of the medium
of squifer, H is the maximum depth of Interface below water table,
a is the excess depsity rstic and g iIs the volumetic flow rete per unit
volume of the medium.

He also studied con cheracteristics of. interface on recherge in
ses water intrusion. He reported that the theory and equations derived
for the interfoce between the iniand fresh water and ssline ses water.
He suggested two methods for artificial recharge operations. One of
the most common method was the utilization of holding basins and the

second one was the modified stream bed.
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MATERIALS AND METHCDS

3.1 The sites

Field coservations were takep fro. . thie selected sites of three villur»g
naa aly Fattike, Telikulai apo s vttes in Trichur District as explameo
ir the foiloving peragraphs, Yo o ole dete for these sites vere coitned

Irco the office of the Stete {round ¥ ater epartreent.

3.1, hattika

e site was lecatec ! Mo north of Pettika juncticen. The wells
were jocated in the private Lo osones Dy SintoArnnrnukuttt Aruke ttie 1 ocs ton
i e site is shovwn in tig. Tol. Fleure 3.2 gives the positicn ¢f the weils
it respect to e coaste  oenth ol the aquifer was chtzines fren tha
Lote Lole data. The lJithelopy of the aquifer is given in Fprenaix 1. Fer
calcuieting the aguifer cdischerpz, the height of water tabe v:g olLtainad
iy teking the levels. “ie vater san.ples were ccollecteg frcv. the wells
tc test the salinity of water.

~

ZeleZz  lalikulam

Tue site was near to the Parnbikadavu junction.  Tre positicn =3
the wells were in o plot possessed by St AllP Furaden,  Sri 0 uvkrard
“ravesaiyil and Sri Atioec Punjuy Y utbroppayile Location of the site js showr
inodife 3.3 Figurs 3.4 shev s the position of the wejls,  The litholorical

deta are giver ir Appendix II. The Deight of the vater table vas measured



FIG. 31. NATTIKA SITE. (LOCATION OF SITE IN THE VILLAGE MAP.)



FIG .32 _LOCATION OF WELLS,

SITE - NATTIKA .
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FIG 33 TALIKULAM S\TE (L,OCAT]ON OF SITE IN THE VILLAGE MARP),



FIG 34 . LOCATION OF WELLS

SITE -TALIKULAM




to calculate the aquifer discharge. [or analysing the quality of water,

the water sanples were collected fromr rach wells.

3.1.3 ¥Fazhin troo

This site was in bt dauuttan village and was located 506 0 norti
to Ldanuttor Righ Schoel junctions The wells vere situzted in too one
ci Srt. Susharra, Sri [Tutten faduerippil and Sri Suburarsn Coecueneodn
Figure 3.5 shows the jccation of the site. Appendix IlI gives the litholoeice)
dats of the aquifer. The heipht ct the fresh water was inezsurec from
each wells by taking the leveis. The water samnples fror each welle were

ccllected 1o teet the cuality of water.

3.2 Aquifer parameters

ith reference to tis ore dle dete, the aguifer wis feurc o
be uncepfined in nature., VR better s pf it was assumed 1 be leoriiooigi.

The wvarious paraireters are ciscussec belew.  The values ate given i ihe

Chapter IV,

3.2.1  Coefficient of permealbility (7}

The coefficient of ieri ecability is the rate of flovw per urit oo
sectional area under unit hyoravlic gracdient.  The standard values of cosiri-
cient of perncealilitics for difcrent tyzes of soils are given in Arrendl:
Fren these, the welues of ¢ oo dilaierent loyers wrere assessed usins  the

lithiciogical data. Lithclopy < vaticus sites are civen in Appendix 1, i1 & 1L
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FIG . 35. KAZHIMBRAM SITE (LOCATION OF SITE IN THE VILLAGE MAP.)
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The effective ccefficient of periieability of the aquifer was found

cut by using the ferraule
¥ =(Klzi +z-\.:?z:, +....)/(?} + z?_. T W4

where  I© is te effective coefficient of permeability of the wquizer.
r .o ew ate the corfiicient the peroealbility of each layer. Zl’ S e e
s B

are the thickness of each layer oirtained fror the lithology.

2.2 Fresh water discharge {roa: the aguifer (C)

Fer calculating the acuifer discharge twe existing wells were Jocated
in such & way that the line jeining between them was perpendicular o

the coast line.  tre seaverd cischerge  was calculated using the ferirula

e (hf-:f) 32

viere oo is the ccetficient of perweability of the aquifer, X is the distance
vetween wells. h1 and ., are the height of water levels froi the iuiper-
.

ieatle stratum.

Z.2.3  FPorosity (n)

Vorosity is an incex c¢f relative volume of pores. It is influencec
by the textural znd structural characteristics of the scil. Porosity of
cifterent scils ere given in Sppencix V. The porosity of medium to coarse

sarnd was taken as (.4,



3.2.4 Excess density ratio (@)

Density of fresh water (y f) was taken as 1.C g/cm2 and the density
of sea water (v s) was taken as 1.025 g/cmz. The excess density ratlo

was calculated as 0.025. Ey the following equation = (l-sz;'%-fl) 3.3

3.2.5 Depth of the aquiter (1)

Depth of the aquifer was taken from the bore hole data. It is the

leve] difference between the mean sea level and the impermeable strata.

3.3 Steady Interface in an unconfined aquifer with a vertical outflow face

Under natural conditicns the slope of the water table was towards
the sea through an aquifer and a ifresh water - sea water interface was
established In the aquifer below iriean sea level. The problem undetr study
was schematised in Fig. 3.7. AFE is the free surface and CLC is the sea
water fresh water interface. The outifow face AC has two partss ‘Yo below
mean sea level and SO above mean sea level. According to the Chyben -
Herzberg principle, the value of So was taken as aYo. When the free
surface and the interface were extended beyond the coast line they necessa-
rily met at 0' on the mean sea level as in Fig. 3.7. The point (' was taken

as the origin of co-ordinates for the study.

3.3.1 Assumptions

1. The aquifer was homogenous and isotropic.

2. Steady incompressible two dn:ensicnal flow conditions exist in the
squifer
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3 Hydrodynamic dispersion was negligible and the interface could

be treated as a sharp cne.

5, The depth and lepgth of the aquifer were large, so that the presence
of impermeable boundaries would not affect the flow in the fresh
weater region.

3.3.2 Basic equations

In gencral, steady ground weter flow is governed by Laplace equation.

ax ey
2 2 .
"y o+ 5w = G 3.5
2 2
a ay

where ¢ and y are the potential and stream functions respectively.

The complex potential function W = 4+ Iy will be apalytic in
the flow domein as both ¢ and ¢ satisfy the Laplace equation. When
Z = x + ly the physical co-ordinates x and y also satisfy the Laplace equation

in ¢ and

l.e. Z= F(W)

x+ iy = F(¢p+ iy) 3.6

Differentiating with respect to ¢ and y twice separately



IxX + idy = —
> 55 au
2
32 4+ ia? = L Fz
362 XY: av
similerly
_9x_ ® i3y = idF
T 3% v
a2+ iy = id’F
2y 2 au 2 dw?
Multiplying 3.9 by i
] 8 X = 2y = -dF
oY 3y dw

equating real and imaginary

ex - ay = ]
3¢ o

3.7

3R

39

° 3010

311

3.12

3.13



therefcre 3 X = 2
EY v

and 3 X + __°x
ot e¢

x4+ 2%  + l(é“%'& -8—12—)
2 2 8¢ oy
T avy
therefcre
] 2x + @ 2x
26° 3y 2
and
2 4
B v 2%y
24? gy 2
where ¢ = -Kh
P
h = — =
Y y

where h is the piezometric head, K

.14

- O 3015
= 0 3.16
= O 3-17
= G 3.18

is the coefficlent of permeability,

P is the pressure at the point and y Is the specific weight of water,

3.3.3 Boundary conditions

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

taken as zero.

®ith mean sea level as daturn and Y measured downwards,



h = -Y or ¢ =KY

2. Along the interface, the pressure cn the fresh water side (rp

was same as the pressure on the sea water side (pg)

le. Fe = Ce = oY
, F
hg z =) ~ y
’ k. Y Y
= @-‘) - F F——!-—Y:;-—tﬂ
= Oy

¢ = -Kht z - oKy

3. Beth free surface and interface were stream lines. Their corres-

ponding stream functions had values 0 and C respectively.

For free surface = ¢

14
For interface y = o

4. The depth of interfsce at the cutflow face Yo for a8 confined

aquifer with a vertical outflow face was obtaired by Henry #s equel to

-——-—-—J'-Q-LDJ: IK » Whete Q is the fresh water discharge per metre width. The

errer in Y in extending this result to an unconfined cese was given by
Charmopman apd others as about 2.6 per cent. Combining these two findings,

for sn unconfined equifer with a vertical cutflow fece.

Y . 6.722]¢| 3.19

° a K



Q is negative as fresh water discharge takes place in a direction
opposite to X. The constants 0.741 and 0.722 were called aquifer constants

for confined and unconfined aquifers respectively.

3.3.4 The solution

The basic equations and boundary conditions were non dimensionaslised
to obtain a scolution independent of dimensions in the physical plane by

the following substitutions.

- = ]i v Y 3.21
¢ cp c]

where C is the fresh water discharge.

The cdimensionless boundary conditions for the free surface become

¢ -g Va0 3.22

and for the interface
¢ . -Y, L 323
Therefore X and ¥ also satisfiled the Laplace equation in ¢ and \

i.e. a 2’-‘ . 9 28 0 2,26
2 2 =
2 e a9



—aY . Y e 0 3,25

Therefore the flow domain in the physical plane could be mapped
on the complex potential plane as shown in Flg. 3.8, As x Iincresses
inland of the aquifer the free surface will flatten out. Hence the stream-

lines will tend to become parallel and uniform,

At a large distance from the coast line y varied linearly withy

y = ¢ ¢+¢, 3.26

where c1 and c, are constants

On the free surface ¢ = 0, ¥y = qa ¢

Therefore ¢ = ot
Substituting for c, in equaticn 3.26
i = cl;b +a¢i’ 3'27

Cn the interface = -1, y = -¢
Therefore ¢, =g g+ ¢ = $(a+ 1)

Substituting c, in equation 3.27 y = $(1+a) ¥ + o 3.28
=t (l+a)dV +a @&
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Differentiating equation 3.28 with respect to? ,

<y = (l+a)‘i7'~4»cx

Frem Ceauchy - Riemapn equation,

¢y = -8 X

a ¢ a ¢
@ X

RS [ LA 3.25
29

Mitfereptiating equation .28 with respect to \F,

)
¥ (1+@)8

-———————— -

3t

Ageain using Cauchy Rienmann equation,

e v 9 x
R - 3 ¢
@ %
- = (1) ¢ 3.3
¢ ®
Ve know,
- 2% - 3 % .
aX = =) d¥ + =)d¥ 3.31
3t : d ¢
, X 3 X
Substituting values of 30 and 3 o in equation 3.31

The equation was obtained as

dX = [-(1 +2)V 0 Jdb,[(1+ B )G



Integrating
2

2
X = '(loa)%- - ab +(1+a)—%—- +C

Where C Iz the constant of integration

z 2
=838 . 3] abec 232

This was velld ior the entire domain of fresh water reglon.

Equation to the free surface

.Q"?/Q =0

2
[-3‘2 + 0]-0+C

Theretore & = {28

3
2
. -(-‘—-?Q-Q-x{-%] + C 3.33

Free surface passing through the origin,
R=03%=20C =0

2
X = -@——"5-91 [-—?j .34

Equation to the interface

"

3:-? e |1

2
R = 11.35_9.[(7 -1)]+ @4 C 3.35

interface passing through the origin X=03 Y = 0



Substituting the vslues of X and ¥ in equetion In 3.35

c - dlza) 3.36

Substituting the value of C in equation 3.33

2
x,ﬂ.:z.!*l(v-”,a,,.(}.:;l 3,37
Xaﬂ-—‘f‘-'l?z 3.5

Using the equation 3.19 Yo = 0‘7?,(

akyY
0
Non dimensionalising we get 70 Y

aK 0.722Q
e -Té-'. a K " 0.722

Therefore st the coast line the equation to the free surface,

, 2
Ke K = UsadY " | p2601+0)
2

3.3.5 Potition of origin

The origin of co-ordinates O' was 8 hypotheticai point. To
plot the siream lines, the origin was shifted to 0 from which the
distances could be directly measured. 0 was the junction of the vertical

outflow race with the mean sep level.



Accordingly the equation of the free surfece becomes

R .Q..“iﬁl (710)2 - 0.26(1 +a) 1%

and for the interface

g o« {sa)¢® -0.26(1 +a) 399

A R

Substituting the velue of R and ¥ in equation 3.38 and equation 3.39.

2
For free surface X = (i ¢ead (-’i(%mro : ] 3.40

2
KY 0.
and for Interface X -(loc){-%ra' - -Jf-l?-l] 3.4l

3.3.6 Length of intrusion

Assuming thst the equation %4l could be applied to aquifers
of finite depth and length. Length of Intrusion was obteined by putting
X a2l and Y =D In equation 3481, where D is the depth of aquifer.

2
l.e.;.-(nc)((-ﬁ%%)- 6—"-’%%—91»] .42

3.3.7 Maximum rate of exploitetion from aquifer

2
Equation for the Interface wes X = (1 +o) F4RY . 026l01



2
From this we get—Q-'-’fJg- +—3-(’-‘l—|g+axvz =0 3.43

2

The standard form of the equation is ax” + bx + C = 0
Comparing the equation 3.43 we get
s = 0.52/aK
b = 2x/(1 +a)
c = -cky2
The solution Q Is given by Q =2t lzb.z = fac

Thus Q can be calculated with the depth of the well from the
mean sep level and Its distances from the coast. The value of Q s
expressed as QF which is less than the present aquifer discharge Ql‘ The
difference between Ql and QF would be the maximum rate of exploitstion
from the squifer.

3 Advancement of Interface with incressed exploitstion of ground

water

The boundary conditions maintaining 8 steady interface rarely
remain constant. Any change in the boundary conditions will destroy
the stste of equillbrium and the interfaoce profile will pass through
8 state of transient condition till a pew equillbrium position Is established.
The excessive withdrawasl from pumping wells, Irregular recharging
of the aquifers, storage of water in reservoirs causing varistions in

levels of surface source feeding the aquifer are the mein sources which



generslly cause the movement of the interface. All these agencies
causing the movement have a unique effect on varying the fresh water
discharge through the aquifer. Hence any possible movement can be
sttributed to a change in the fresh water flow. When the discharge
is decreased the intruded ses water wedge moves further into the aquifer
and consequently it is termed a3 an advancing interfece. On the other

hand an incresse in discharge crestes a retreating interface.

The phenomenon of the movement of the interface due to »
change in discharge csused by fluctuations in surfece source level or
due to pumping or recharging from or into the aquifer leads to 2 problem
of solving nonlinesr partial differential equations of higher order.
The equations In this case do not come under any typical form for
which solutions sre asvallable. Further, the equations are so complicated
that it is practically impossible to arrive at explicit solutions. Numerical
solutions of such equations are possible, but involve lengthy computations
necessitating digital computers with large memory éopaclty. Under
these circumstances it is considered thst s simplificstion of the pheno-
menon by assuming an instantsneous steady nature of the Interface will
lead to simple situstions. Such sn sssumption reduces the problem

to that of solving ordinary differential equations.

A quasi-steady state analysis often becomes handy for solving
many problems in ground water flow and ylelds falrly sccurste results

for an otherwise compliceted problem. A poartial justification of this



sssumption stems frem the obsrnﬁoa that temporal varistions of
flow cheracteristics sre much smaller then spetisl ones. (Keshins, 1962)

The temporsl varistion of interface Is beyond the scope of
the present study. The final positions of the interfece can be located
by making use of the principle mentioned sbove. So for sny value
of tresh water discharge the final position of interface will be obtained
by substituting the sppropriste values of fresh water discharge in equation
3.52.

b & Water quality test

The quality of ground water depends upon the quality of its
source waters. The concentration and compesition of dissolved copsti~
tuents in » water determine the usefulness of the water for variows
purposes and the presence of some minerais beyond certain limits may
mabke it unsultsble for irrigstion, drinking or industrial purpeses.

The quality of water depends upen the total quantity of dissolved
solids depicted by perts per million, equivsient per milllon or specific
conductance and the pH value. In the pressnt study the quallty ef
water s judged by the following charscteristics.

1. Electrical conductivity
2. Sodium Adsorption Ratio
3 pH



3.5.1 Electrical conductivity

Electrical conductsnce bridge is used to determine electrical
conductivity of ground water. It is 8 commonly used method becsuse
EC can be readily and precisely determined. This is generally represented
in ynbos/cm. Chemically pure water hss very low conductance. The
specific conductance incresses spproximately lineasrly with the quantity
of saits in solution and is different for each sait. Quality classification
of water based on electrical conductivity is given below 3

Water class EC in umbos/cm
C 1 < 250
C2 250 - 750
C3 750 - 2230
C 2250 - 5000

Low salinity water (Cl) can be used for lrrigation. Medium salinity
water (C.) can be used if » moderste amount of leaching  occurs.
High salinity water (CJ) cannot be used on solls with restricted drainage.
Very high salinity water (C,') Is not suitable for irrigation under ordinasry
conditions.

3.5.2 Sodium Adsorption Ratio (SAR)

The soluble inorganic constituents of Irrigation weaters react
with solls as lons rether than as molecules. The principle cetions are



ceicium, magnesium and sodlum. Sodium does not sffect the hardness
of water though it Is very lmpenim in determining the quality of
irrigstion waters. Concentrstion of sodium was obtsined by Flame
photometer. Concentrations of caiclum and magnesium were determined
by titrstien method. The sodium adsorption ratio Is defined by the

equation.

SAR = Ne*/JCa' "+ Mg W2

Where Na', Ca** and Mg** represent the concentrations in
milliequivalents per litre of the respective ions. Based on SAR the
quality classification of water is given as follows.

Water class SAR
25l < 10
!)3 18 - 26
s‘ > 26

Low medium weter (S,) can be used for irrigation. Medium
sodlum water (32) will present an spprecisble sodium hazerd in fire
textured solls having high cation exchange cepacity, especially under
low leaching conditions, unless gypsum is present in the soil. High
sodium water (53) may produce harmmful levels of exchengesble sodium
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in most solls and will require special soll mansgement good drainage,
hgh leaching and orgenic matter additions. Very high sodium water
(S,) Is generally unsuitable for irrigetion purposes. The dlagram for
the classification of irrigation waters is shown in Fig. 3.9. It is based
on the electrical conductivity In micromhos per centimeter and the
sodium adsorptien ratic.

3.5.3 pH

pH is @ scele indicating the acidity or alkalinity of aquecus
solutions. It Is conventionally defined as the negative logarithm of
hydrogen ion concentrstion. pH cen be determined by electrometrically
or by Indicators. The most prevalent instrument for meassuring cell
potentisis is an electronic voltmeter known #s 8 pH meter. pH velue
is a number from | to 14, which represents » logerithmic scale indicating
the concentretions of hydrogen lons. pH 7 is the peutrality point of
purewaster st which the concentrstions of hydrogen and hydroxyl lons
are equal. pH velues from 1 to 7 sre used to indicate the acidity of
the solution and numbers 7 to 14§ indicete the alkalinity of the solution.
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RESULTS AND DISCUSSION

The results of ses water intrusion studies for coasstal aquifers

have been discussed in the following sections.

5.1 Site st Nottika
Basic observations

Height of fresh water sbove the mean ses level was messured
by taking levels. Figure 3.2 shows the measured values of the height
of fresh water. Distance of selected wells from the shore were 188.59 m,
260.93 m and 388.53 m respectively. From the bore hole date given
in Appendix 1, the depth of the squifer wes found to be 8.8l m. The
coefficlent of permeabllity of the squifer wes calculsted ss 120.92 m/day
with reference to the lithologocal date.

8.1.1 Aquiter discherge (QI)

The aquifer discharge st the time of observetion was found to
be 3.1¢ m>/day/metre width of cosst line. The length of intrusion
corresponding to the squifer discharge was cCalculsted as 38.02 m.
Figure 4.1 shows the length of intrusion when the oaquifer discharge
is 3.8 m/day/metre width of cosst line. The selected wells were
ot » distence of 138.39 m, 26093 m and 348.53 m respectively from
the shore. The selected wells were found to lie beyond the lemgth of



Table 4&1. Estimation ff length of intrusion for various depth when
Ql = 3.14 m~/dsy/metre width of coast line

- B B e B W W W @ B e B e B B W s S om W B W SRS w6 e W

Depth Length of intrusion
(m) {m)
1 0.22
2 1.70
3 &15
§ 7.60
5 12.02
6 17.48
7 2333
8 L2
8.81 38.02
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Table 4.2. Chemical snalysis of water

- B W B e BB B B N ®m W oW B W W B ™ e W W e B > S e m ™

Sodium Kloetticel P . Calolum +  Sedium
5 Sowos of Adee pH  Condmt ¢ Megneehsn
Ne. Weler ption ity

Retlo (umhos/em) (meg/Niee) (meg/Wre) (mag/Mre) (meq/Mire)

W A W M W WM B B P B @ B B e W B W BB B W S B PR B W B s ow e e e

1 Well No. t 1329 633 30 1.2675 0.22475 149225 1148

2 well Ne. 2 13% 745

g

1979 0.12675 210575 m

3 Well Now 3 085 800 400 2435 117 2252 0,504
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intrusion corresponding to the present aquifer discharge. Therefore
st the time of observetion there was no problem of salinity intrusion.

Water aneslysis dste is given In Table &.2. The water samples
from each well were analysed for pH, EC, Co“, Mg“ and Na'* contents.
The velue of pH veried from 6.35 to 8. EC varied from 300 to 400
umbhos/cm and SAR veried from 0.835 to 1.356. Based on the disgram
for the classificetion of Irrigation waters, the water ssmples come under

Cz - sl class. It indicated that the water was not rich in salt content.

Since the tidal range of Kersls cosstal tracts is only | m, the
dispersion of the interfece Iis very small and thus it can be neglected.
Therefore at this site, there was no salinity intrusion problem beyond
38.02 m length from the coasst.

4.1.2 Maximum pumping rate (Qp)

A computer programme wss used to tsbulate the maximum pumping
rate of fresh water correspording to different depth of wells. Table 4.3
gives the maximum pumping rate of fresh water at s distance of 138.59 m,
26093 m and 348.33 m respectively. Figures 4.2, 4.3 and 4.4 show the
position of the interfece when the length of Intrusions sre 138,99 m,
260.93 m and 348.33 m respectively. The length of intrusion for verious
pumping retes were calculsted and asre given In Table 4.5. A graph
with Qp Vs. L was plotted. Figure 4.5 gives the pumping rates of various
length of Intrusions. Figures 4.6 to &9 show the length of intrusions



Table 4.3. Computation of maximun pumping rate for various distances
from the coast

................... - . B m e e W @ W e W e wm ow w® -

Maximum pumping rate m> /dey/metre width)

Depth - - - =
(m) X = 188.59 m X = 26093 m X = 348.33 m
1.0 3.1318390 3.1340568 3.1355648
1.5 3.1214608 3.1266055 3.1298876
2.0 3.1071787 3.1162269 3.1222589
2.5 3.0886390 3.1028321 3.1121464
3.0 3.0661077 3.0865102 3.0999048
3.5 3.0393183 3.0671721 3.0855343
4.0 3.0085373 3.0449955 3.0688577
4.5 2.9736757 3.01971%4 3.0498743
5.0 2.9346449 2.9915056 3.02891397
5.5 2.8915336 2.9603696 3.0055213
6.0 28443418 2.9262178 2979938
6.5 2.7929807 2.8891385 2.9521201
7.0 2.7375393 2.3490431 2.9221373
7.5 2.6780174 2.8060205 2.8900256
8.0 2.6143260 2.7599819 2.855430
8.81 2.5025561 2.6791704 2.7949324
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Table 4.8. Position of different length of Intrusions for verious asquifer depth

- S e W @ B B E * WS @ W G W W W W e T B v W om ® ow - o s M e B m B W e wm e =W

Length of immﬂom (m)

Depth  — — — — - - - — - - - - — -

(m) L, =18859 m L, = 26093 m Ly = 368,53 m
1 2.37 3.25 8,40
2 9.67 1314 17.68
3 21.83 29.63 39.81
4 38.86 52.70 70.80
s €0.75 82.37 110.64
6 87.51 118.63 159.06
7 119.13 161.48 216.39
3 155.61 210.93 283.30

8.31 188.59 260.9% 343.53
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Table 4.5. Computation of length of intrusion for various pumping

rate
qlmum pumping rate Length of intrusion
/day/metre wldth) (m)

0.3 45.32
1.0 36.00
1.3 73.18
2.0 105,38
2.5 187.33
2.6 222.64
2.7 273.26
2.8 353.65
29 J301.02

3.0 839.00

................................
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Table 4.6. Estimation of length . of intrusion for vearious aquifer
depth when Qp = | m~/dsy/metre width

Depth Length of intrusion
(m) (m)
1 0.5
2 ' 2.7
3 6.3
4 11.4
3 18.0
6 23.8
7 35.3
3 46.1

8.81 36.0
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Table &47. Estimstion of length 9! intrusion for various aquifer
depth when Qp = |.5m”/day/metre width

Depth Length of intrusion
(m) (m)
i 0.3
2 3.63
3 8.34
8y 15.0
3 23.43
6 33.30
7 46.06
3 60.21

8.81 7305
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Tsble &.8. Estimation of hngth,ot intrusion for various aquifer
depth when Qp = 2m~/day/metre width

Depth Length of intrusion
(m) (m)
| 1.26
2 3.3%
3 12.13
4 21.65
3 33.87
6 43.33
7 66.50
8 86.38
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Table 4.9. Estimstion of length oS intrusion for various aquifer
depth when Qp = 2.5 m~/dey/metre width

Depth Length of intrusion
(m) (m)
l 2.‘
2 9.6
3 21.7
4 8.6
3 60.4
6 87.4
7 118.5
3 156.8

8.31 187.7
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Teble #4.10. Advancement of saltwater wedge with incresed

groundwater exploitation
"""""""""" Aquifer discharges (m>/day/metre width)
Depth — — — = = = = = = = = = = = - =
(m) Q=qQl Q = ¥%Ql Q = 2/3Q1 Q=Ql/2 Q=Qls
1 0.22 0.45 0.56 0.85 1.90
2 1.70 2.62 2.78 3.81 7.82
3 8.15 5.71 6.49 8.74 17.69
8 7.60 10.32 11.67 15.65 31.50
5 12.02 16.28 18.34 20.53 49.26
6 17.44 23.48 26.49 35.39 70.96
7 2383 32.08 36.13 48.21 96.61
8 31.21 §2.00 47.24 64.55 126.21

8.31 38.02 50.87 37.33 76.45 153.08
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when pumping rates are 1 m>/day/metre width, 1.5 m>/day/metre width,
2m3/day/metre width snd 2.5 m>/dasy/metre width respectively. With
reference to these graphs we cen fix the depth of the wells without
fear of salinity.

§.1.3 Advencement of saltwater wedge with Incressed ground water
exploitation

Figure 4.10 gives the positions of the interfece for increased
exploitstion of ground water. The ground water exploitstion was proposed
st the rates of QI/4, QI/3, QI/2 and 3/4QI, the seaward freshwater dis-
charges were 3/4Ql1, 2/3Ql, QI/2 snd QI/S respectively and the corres-
ponding length of intrusions were found to be 4/3 L, 3/2 L, 2L end AL
respectively.

42 Site at Talllalam

Basic observations

Depth of asquifer was found to be 36.37 m from the bore hole
dste given in Appendix II. Figure 3.4 shows the messured fresh water
helghts. The selected wells were ot » distance of 178.4 m, 283%78m
and 326.79m respectively. The coefficient of permeasbility was calculsted
o 178.17 m/day.



4.2.1 Aquifer discharge (Ql)

At the time of the observations, the aquifer discharge weas
17.565 m>/day/metre width of cosst line. The length of intrusion Corres-
ponding to the asquifer discharge is shown in Fig. &11. The length of
Intrusion was calculeted 83 171.06m. Distance of the selected wells
from the shore were 178.4 m, 28378 m and 362.79 m respectively,
These distances were more than the length of intrusion for the present
asquifer dischsrge. So, there was no salt water Intrusion at the time

of observation.

Table 4.12 glves the water quality test results. The water samples
were tested for pH, EC, Ca"", Mg** and Na® contents. The results
showed that the velue of pH veried from 6.4 to 7.95, value of EC varied
from 300 to 600 umhos/cm end SAR varied between 0.78 to 1.360.
According to the classification of irrigstion waters, the collected water
samples come under (:2 - sl class. So that the quality of water was
good.

Since the dispersion of the interface was very smeall, there was
no problem of salinity intrusion beyond 171.06 m length from the coasst.
4.2.2 Maximum pumping rate (Qp)

Maximum pumping rate of fresh water for different depth of
wells were tsbuleted with & computer programme. Teble 8.13 gives

the maximum pumping rste of freshwster at » distance of 178.4m,



Table 4.11. Estimation of lengtg of intrusion for varicus aquifer depth
when QI = 17.543 m~/day/metre width
Depth Length of intrusion
(m) (m
5 2.18
10 11.87
15 28.01
20 50.61
25 79.61
30 115.19
33 157.16
36.37 171.06
Table 4.12. Chemical snalysis of water
Sodium Eloctries! Colaham Magnesium Colclum +  Sodium
o o e P conert Megresium
ption vity
Retlo (1 mhos/om)  (moq/Wre)  (mag/itre) (maq/Mre) (maq/itse)
1 Well Neo. 1 0.856 7.45 500 2,886 0.302> 3.1883 1.078
2 Well Ne. 2  1.86 6.40 600 2.33 0.36075 2.69075 2,137
3  Well Ne. 3 0.78 7.9 300 1.4629 0.28275 1.74323%  0.73

...............................
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Table 813 Computation of maximum pumping rete for various distances
from the coast

oL e i v i

(m) Xs=178.4m X = 28378 m X = 362.79 m
1 17.532190 17.536896 17.538727
2 17.493763 17.512846 17.519905
] 17.380185 17.41612% 17.404357
6 17.08439¢ 17.235338 17.318357
8 16.726265 17.030024 17.182168
10 16.265924 16.700643 16915787
12 15.7035014 16.386694 16.638954
e 15.039129 15.968701 16.311932
16 14.272807 15.486662 13938837
18 13.404798 16.940035 13.507052
20 12.435360 14.329402 15.028934
22 11,364096 13.654703 14.500887
r{] 10.192597 12.9159%¢1 13922649
26 8.919795 12.113173 13.29422]1
y. | 7546030 11.246601 12.615864
30 6.072784 10.316284 11.887053
32 8498969 9.3218343 11.108313
3% 2.325355 8.263918 10.279640
36.37 0.713760 6927854 9.2329¢3

............
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283.78m and 362.79m asre shown in Figs. 8.12, 4.13 and 4.14 respectively.
Teble 4.15 shows the length of intrusion for various pumping rates.
A greph of QP Vs, L weas plotted. Figure #.15 shows the maximum
pumping retes for verious length of intrusions. Figures 4.16 to 4.23
show the length of intrusions when pumping rates are | m>/day/metre
width, 2 m’/day/metre width, m’ldq/metre width, 6m3/doy/metre
width, 8 m>/day/metre width, 10m>/dey/metre width, 12m>/day/metre
width and 14m>/day/metre width respectively. Based on these graphs
we can decide the depth of the wells without the problem of salinity.

4.2.3 Advancement of salt water wedge with Incressed ground water

exploitstion

Figure &.24 illustrates the advancement of saltwater wedge with
incressed ground water exploitstion at this site. It wes found that
when the aquifer discharge reduces to three-fourth of present asquifer
discharge, the interfece goes beyend the first selected well and when
the squifer discharge reduces to two-third of the present discharge,
the interface comes nesrer to the second selected well. If the aquifer
dischorge Is reduced to half of the present discherge, the Interface
would ceme nesrer to the third selected well and when the discherge
Is reduced to one-fourth of present discharge, the length of intrusion
would be 638.21 m which is beyond the present selected wells. So it
can be concluded that if the aquifer discharge Is reduced from the present



Table 4.18, Position of different length of intrusions for variows aquifer

depth

Depth i
(m) L, = 1788 m L, =238 m Ly = 36279 m

5 2.3 (%7 6.37

10 12.5¢ 20.85 27,00

15 30.11 47.71 61.27

20 53.23 85,31 109.32

337 133.63 171.10

30 121.0 192.73 246.59

33 165.1 265,56 335.80

36.37 178.4 281,78 362.79
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Table 4.15. Computation of length of intrusion for various pumping

rate
" Moyjmum pumping rate  Length of Intrusion
(m~/dey/metre width) (m)
14 851.59
12 544,24
10 399.77
8 315.79
6 260.86
4 222.12
2 193.32
1 181.52

0.5 176.14
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Table 4.16. Estimetion of length of intrusion for vearious aquifer
depth when Qp = | m”/dey/metre width

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

Depth Length of intrusion
(m) (m)
5 2.46
10 12.81
i5 30.05
20 54.2
25 : 85.24
¥ 123.18
35 168.02
36.37 181.52

..................................

Table 4.17. Estimstion of lengtg of intrusion for verious aquifer
depth when Qp = 2m”/day/metre width

Depth Length of Intrusion
(m) (m)
5 2.7%
10 13.73
15 32.05
20 57.70
25 90.638
30 131.00
35 178.60

36.37 193.00

..................................
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Table 4.18. Estimation of lengtg of Iintrusion for verious aquifer
depth when Qp = &m~/day/metre width

Depth Length of intrusion
(m) (m)
5 3.°
10 16.0
15 37.01
20 66.43
25 104.25
30 130.48
35 205.11
36.37 221.50

..................................

Table 4.19. Estimstion of length’ of intrusion for verious squifer
depth when Qp = 6 m~/dey/metre width

D;np)th Length of intrusion
5 4.26

10 19.08

15 43.80

20 78.40

23 122.8

30 177.26

35 261.52

36.37 260.36



(m)

’

DEPTH OF AQUIFER D

LENGTH OF INTRUSION |, L (m)

o 20 40 Go 80 100 120 140 160 180 200 220 240
Y T T T T T T T T T i

5 | SCALE
ABSCISSA
fem =4 m

ORDINATE
fcm=0-25m

i5 |

20 |

25 |

30

35 |
36371

40

3
FIG 418 RELATION BETWEEN LENGTH OF INTRUSION AND DEPTH OF AQUIFER WHEN Qp=4am/DAy/m. WIOTH.



o]

5

10

c 15
0
I
}_

o 20
w
0
4
1]
b

3 25
(]
<

30

35

36-37

40

FIG4I19RELATION BETWEEN LENGTH OF INTRUSION AND AQUIFER DEPTH WHEN Qp=6m3/DA‘//m WIDTH. AT TALIK LA

LENGTH OF INTRUSION , L (m)

30 G0 30

120 150 180 210 240

270

SCALE
ABSCISSA
{fcm=1{5m
ORDINATE
{fCcm=0-25m




Table 4.20. Estimation of iength of intrusion for various aquifer depth
when Qp = 8 m”/dsy/metre width
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Depth Length of intrusion
(m) (m)
5 5.4
i0 23.34
15 53.23
20 95.08
25 148.89
30 214.65
35 292.37
36.37 315.75
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Table 4.21 Estimation of l?\gth of intrusion for various aquifer depth
whep Q p = 10 m~”/day/metre width

.....................................

Depth Length of intrusion
(m) (m)
5 7.11

10 29.78

15 €7.58

20 120.50

25 188.53

30 271.69

35 370.00

36.37 399.50
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Table 4.22. Estimation of letgth of intrusion for various aquifer depth
when Qp = 12 m”/day/metre width
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Depth Length of intrusion
(m) (m)
5 10.0
10¢ 40.88
15 92.38
20 164.50
25 257.2
30 370.52
35 504.43
36.37 544.72
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Table 4.23. Estimation of leg th of intrusion for various equifer depth
when Qp = l4m 7day/metre width
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Depth Length of intrusion
(m) (m)
5 15.9

10 64.2

15 144.62

20 257.27

25 402.10

30 579.12

35 788.32

36.37 851.26
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Table 4.24. Advancement of saltwater wedge with increased ground-
water exploitation
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D(ep)th Q=Q Q=341 Q=23 Q=QU2 Q=QUs
m

5 2.18 3.55 418 6.00 12.75
10 11.87 16.56 18.82 25.50 51.79
15 28.01 38.25 43.21 58.03 116.8
20 50.61 68.60 77.37 103.57 208.0
25 79.67 107.64 121.28 162.12 325.0
30 115.19 155.34 175.0 233.68 468.17
35 157.16 211.72 238.38 318.25 637.30

36.37 171.06 228.69 257.46 343.69 688.21
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level, there would be 8 chance for salinity intrusion. Hence no further
pumping for sgriculturs! purposes is recommended.

4.3 Site at Kazhimbram

Basic observations

From the bore hole data given in Appendix Ill, the depth of
the squifer wes found to be 24m. Distance of selected wells from the
shore were 245.76 m, 334.9 m and 3836.1 m respectively. The coefficient
of permesbility was calculated 25 119.78 m/dsy. Figure 3.6 shows the

measured values of height of fresh water.

4.3.1 Agquifer discherge (QI)

The aquifer discharge at the time of the observation was calculsted
88 3.91 m>/day/metre width of cosst line. The length of intrusion corres-
ponding to the aquifer discharge was found to be 225.73 m. Figure 4.25
shows the length of Intrusion when the aquifer discharge is 3.91 m>/day/
metre width of cosst line. The selected wells were situated at » distance
of 265.76 m, 3549 m and 386.1 m from the shore. So the wells were
located beyond the asbove length of intrusion. Therefore there was
no ses water intrusion at the time of observation.

Table 8.26 gives the water analysis results. The water samples
were analysed for pH, EC, Ca**, Mg**, and Na* contents. It was found



Table 4.23. Estimestion of th of intrusion for verious
when QI = 391 m~/dey/metre width

L AP S T T S S U U B S B IR R B I R I I L

aquifer depth

Depth Length of intrusion

() (m)
3 32

13.78

9 31.50

12 56.20
15 28.0

12 126.80

21 172.74%

24 223.73

Taeble &.26. Chemical analysis of water
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s s of Sodium pH et} Celolum Magnesium Celcham +  Sodlum
Adsor- Magneslum
Now water vity
ﬂ‘ ‘l :lo {umhoa/em) meg/itre meg/itre  m og/Mre mwg/itre
Well No. ! 1.0%9 7.3 300 1.178 0.4095 2.1845 1.148

2 Well Neo. 2 1.573 735 A00 1.56 0.16575
3 Well No. 3 1.42476 6.7 500 1.95 0.273

- B M G W W e B G B W W @ W B B e m B B B W G B B G S W W S &

1.72375  1.461
2.223 1.49¢
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that pH values verled from 67 to 7.35, EC veried between 300 to
500 umhys/cm and SAR varied from 1.36 to 1.95. With reference to the
classification of irrigstion waters, the water samples come under C,- 5
class. So the quality of water is good.

Therefore there was no salinity intrusion problem beyond 225.73 m
from the shore.

8.3.2 Maxdmum pumping rate (QP)

Maximum pumping rate of fresh water for various depth of wells
were caiculsted with the help of a computer programme. Table 427
‘gives the maximum pumping rate of fresh water at » distance of 245.76 m,
3549 m end 386.1 m respectively. The pesitions of the interfece for
length of intrusions of 283.76m, 3549 m and 386.1 m sre shown in
Figs. 4.26, 8.27 and 828. The length of intrusion for various pumping
retes were calculsted and are given in Table 427. Figure 4.29 shows
the pumping retes of varicus length of intrusiens. Figures 4.30 to 4.35
show the length of Intrusion when the pumping rates sre 0.2 m’ld.ylmetre
width, 0.5 m>/day/metre width, | m>/day/metre width, 1.5 m>/day/metre
width, 2 m>/day/metre width, 2.5 m3/dey/metre width and 3 m>/day/
metre width respectively. Using these graphs, the depth of the wells
could be fixed without causing the problem of‘ salinity.



Table 4.27. Computation of maximum pumping rate for various distances
from the coast
Depth _ ﬂaxl:aun.pw?.plng nt: (nf/diy/m_etre*widlh) L
(m) X = 24576 m X = 359 m X = 3861 m
1 3.9037614 3.9056065 3.9059582
2 3.8850451 3.83926017 3.8940077
3 3.2537633 3.8709857 28741491
4 3.8100917 3.8407586 3.8463821
5 3.7538550 3.8019199 3.8105211
6 3.6852283 3.7542944 3.7669475
7 3.6040366 3.6980574 3.7151043
8 3.5103669 3.6332092 3.6555283
9 3.4042199 3.5597498 3.5880442
10 3.2856832 3.4775035 3.5124757
11 3.1545811 3.3868217 3.4289992
12 3.0110891 3.2873528 3.33376143
13 2.855032 3.1792724 3.2383213
1% 2.6865849 3.0625811 3.1309440
15 2.5056605 2.9372783 3.0158341
16 2.3122585 2.8031886 2.83926404
17 2.1064668 2.6606634 2.761538C
18 1.8881974 2.5093510 2.6225276
19 1.6575384% 2.3496032 2.4756088
20 1.4144018 2.1810684 2.320606
21 1.1588757 2.0039222 2.1578708
22 0.89087176 18181648 1.9868754
23 0.61056638 1.6237962 1.8083234
24 0.31778312 1.4206407 1.6216874
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Table 4.28. Position of different lepgth of intrusion for various aquifer depth
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Length of intrusion (m)

Depth e e o
(m) L, = 245.76 L, = 3549 L, = 386.1
3 3.5 5.3 5.8

15.1 22.0 24.0
9 36.3 49.7 54.1
12 61.2 38.5 96.3
15 95.9 138.5 150.6
18 138.2 199.5 217.0
21 188.2 271.6 295.3
24 245.76 354.9 386.1
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Table #.29. Computation of length of intrusion for various pumping rate
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Maxjmum pumping rate Length of intrusion
(m~”/day/metre width) (m)

3 971.32

2.5 626.81

2.0 462.64

1.5 366.58

1.0 303.51

0.5 258.93

0.2 238.00
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Table 4.30 Estimation ,of length of intrusion for various aquifer depth when
Qp = 0.2 m”/day/metre width

Depth Length of intrusion
(m) (m)
3.4
14.4
33.2
12 58.70
15 92.70
18 132.50
21 182.10
24 238.0

Table 4.31. Estimation 3of length of intrusion for verious aquifer depth when
Qp = 0.5 m~/day/metre width

- e wn o m M W e @ E e G A M W e W W W A e @ am B4 e ua wr e W W dm @ e e = = e =

Depth Length of intrusion

(m) (m)
3.7

16.0

36.2

12 64.5
15 101.0
18 145.5
21 198.2

24 259.0

W e e m e wm m e w e e W A W 4 W W e W W W W W m W W W W e W m @ W e W ® -



TEVIAY

¢

’,

<)

D(m)

AQUIFER DEPTH ,

LENGTH OF INTRUSION , L (m)

o] 30 60 90 120 150 180 210 240
T I 1 T T T T

3 ] SCALE

ABSCISSA
{fcm=185m

ORDINATE

6 fCcm=015m

9

(2 |-

ls

18 |-

21 |

24

F1G.430.GRAPH SHOWING THE RELATION BETWEEN LENGTH OF INTRUSION AND
AQUIFER DEPTH WHEN Qp=02mY/DAY/M . WIDTH AT KAZ/lMBRA



LENGTH OF INTRUSION , L(m)

0 30 60 980 120 150 180 210 240 270
T T T T T T T T
3 SCALE
ABSCISS A
fcm=1(-5m
ORDINATE
6 | 4 CM=0-15m
€ 9 L
v
8]
I
'.-
L g2 |
u
Q
Y
7]
le
3 15 |
c]
q
18 L
21 L
24 \

3
FIGA43IRELATION BETWEEN LENGTH OF INTRUSION AND AQUIFER DEPH WHEN QP=O'5m/DA7/m.WlDTH.

N R T R



Table 4.32. Estimatloa of length of intrusion for various aquifer depth when
Qp = 1 m”/day/metre width

W e o W e en M M E M @ G G W M W B M M MR W W W G S G A R T S WM @ W m W = = @ -

Depth Length of intrusion

(m) (m)

; 4.5

€ 18.5
42.5

12 75.0
15 118.0
18 169.1
21 232.3
24 300.8
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Table 4.33 Estimation 05 length of intrusion for various aquifer depth when
Q. = 1.5 m”/day/metre width
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Depth Length of intrusion
(m) (m)
5.5
22.7
51.4
12 91.3
15 143.1
18 205.7
21 280.6

24 365.8
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Table 4.34. Estim ation 301 length of intrusion for various aquifer depth when
QP = 2 m”’/day/metre width

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

Depth Length of intrusion
(m) (m)
3 7.1
[ 28.6
9 65.0
12 115.0
15 180.6
18 258.8
2] 354.2
24 462.6

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

Table 4.35. Estimation o§ length of intrusion for verious aquifer depth when
Qp =z 2.5 m”/day/metre width

™ B e e e e W M G e am e W W W WM @ W S e s B G S5 B W M e M G w m o G N W W e e

Depth Length of intrusion

(m) (m)
3 9.7
39.0

9 88.0
12 156.6
15 244.8
18 352.5
21 479.9

2L 626.8
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Table 4.36. Estlmaﬂog of length of intrusion for various aquifer depth when
Qp = 3 m~”/day/metre width

- M e e e e W dh e W m G W W M W) M M Gh W T W S Gn W W W M M W W W @ W W W W @ = .

Depth Length of intrusion
(m) (m)
3 13.1
60.6
9 136.5
12 242.7
15 379.4
18 546.2
21 743.6
24 971.3
Table 4.37. Advancement of saltwater wedge with increased groundwater
exploitation
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Length of intrusion (m)

Depth S
(m) Q=Q Q=34 Q=2/1 Q=QU2 Q-=QU4
3 3.2 4.45 5.1 6.9 14.0

13.78 18.6 20.8 28.1 56.4
9 31.40 42.1 47.%4 63.4 127.1
12 56.20 75.0 83.9 112.9 225.7
15 838.0 117.5 132.1 176.5 353.2
18 126.8 169.1 189.1 254.2 508.0
21 172.74 230.5 259.1 346.0 692.3

24 225.73 300.8 336.3 452.1 903.23
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4.3.3 Advancement of seltwater wedge with incressed ground water

exploitation

The advancement of saltwater wedge with increased groundwater
exploitation is shown 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. When reduced to half and one-fourth of
the present discharge, the Interface goes beyond the selected wells.
Therefore there is a change of salinity intrusion if the aquifer discharge
Is reduced beyond the present aquifer discharge. Hence there is only

limited scope for further pumping.

The result of the studies ere summarised in Table 4.38. Fresh
water could be pumped from esch well at s depth upto bottom of aquifer

of each site.



Table 4.38. Compearastive study of results
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o, Detalls o site
’ Nattikse  Talikulam Edamuttam
1. Depth of aquifer from mean sea level (D) 8.3l m 36.37 m 240 m
2, Permeability coefficient (k) 120.92 178.17 119.78
m/day m/day m/day
3. Fresh water discharge (QI) 3.14 17,545 3.31
m”/dey/m m”/day/m m~/day/m
4, Length of intrusion(L) 38.02 m 171.06 m 225.73 m
5. Well location from coast line
Well | 188.59 m 178.40 m  245.76 m
Well 2 26093 m 283.78 m 35490 m
Well 3 348.53 m 362.79 m  386.10 m
6. Pegnlssible maximum pumping rate *
(m~/day/m)
Well 1 2.50 0.71 0.32
Well 2 2.60 6.92 1.42
Well 3 2.79 9.23 1.62

- e W W W B Em A T e @ W e Y W W @ @ B @ M B W W @ G @ W W S @ e 4n s e e o W

* Well depth upto bottom of aquifer
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SUMMARY

The problem of contaminastion of surfece and groundwater by
the intrusion of salinity from the ses Is very common in coasstal aress.
The present study was conducted on three villeges in Trichur district
namely Nattiks, Tallkulam and Edemuttam. Fleld observations were
taken in the observation wells slong the alignments normal to the coasstline.
The aquifer parameters for these sites were determined using the bore
hole data for the sites.

The squifer discharge of Nattiks site was found to be 3.14 m°/
dey/metre width of cosstiine. The length of iIntrusion corresponding
to the asquifer discharge was 38.02m. The position of interfsce and
the maximum rate of pumping of groundwater from the aquifer for
various depths were determined using the equation of the interface.
Distance of the selected wells from the shore were 188.59 m, 260.93 m
and 3483.53 m respectively. There was no salinity intrusion st this site
because the selected welis were found te lie beyond the length of intrusion
corresponding to the present aquifer discherge. The chemical analysis

indicated thet the water of this site was free from salt content.

17.545 m>/day/metre width of cosstiine was the squifer discharge
of Talikulam site. 171.06 m was the length of intrusion corresponding
to the asquifer discharge. The selected wells were 178.4m, 283.78m

and 362.79 m awsy from the coasstiine. The welis were found to lie
beyond the length of Intrusion corresponding to the present aquifer



discharge. The water quality test shewed that the quality of weter
was good. So there was no salinity intrusion st Talikulam.

The aquifer discharge ot Kazhimbram wes 391 m>/day/metre
width of cosstiine. The length of intrusion corresponding to the equifer
discharge was 225.73 m. The selected wells were situsted ot 8 distance
of 285.76m, 354.9m and 386.1 m respectively from the cosst. There
was no salinity intrusion becsuse the chemical snalysis did not show any
sign of salt content and the wells were found to lie beyond the length

of intrusion cerresponding to the present squifer discharge.

Advancement of saltwater wedge with iIncreased groundwater
expioitation showed thst there would be a chance of salinity intrusion
if the aquifer discharge Is reduced from the present squifer discharge.
At Talikulen when the aquifer discharge is reduced to one-fourth of
the present squifer discharge, the length of intrusion weuld be 638.21 m
which is beyond the present selected wells. At Kazhimbram when the
aquifer discharge Is reduced te half and one-fourth of the present aquifer
discharge, the interface is found beyond the selected wells, So there
would be & chance of salinity intrusion ot Talikulam and Kezhimbrem
if the equifer discharge is reduced from the present asquifer discherge.

The determinstion of Interfoce positions for varlous pumping
rotes could be effectively wsed in flxing the location of wells. The
result of the present study lead to @ better understanding of the ses
water intrusion preblem and these could be made use of in the design



and planning of groundweter systems in coastal sreas for & better utili-

sstion of the groundwater resources.

It was found that limited quantity of ground water storege Is

svallsble In Nottiks, Talikulem ond Kazhimbram aress. The design

of groundwater systems requires further studies such as 3

1.

2.

3.

Quantitstive estimation of groundwater flow for various months

of the yesr

Assessment of groundwater storage for different sessons

Groundwater utilisstion pattern
Average annual rainfall
Mean annual maximum and minimum temperature

Frequency of pumping and pumping schedule.
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Appendix 1. Lithology of Nattika site

Send, fine to medium grained

Sand, fine to medium grained, brown
fine grained

Sand, coarse, to very Cosrse gravelly,
subangular to sub roupded, yellowish
grey with lenticles of bluish grey
clsy and inclusions of lsteritic
grains to shells

Sand, coarse, yellowish to grey
clayey, with Inclusions of shells,
laterite

Clay, bluish, grey, sticky, plastic,
intercelated with coarse grained
sand and inclusions of shells

Clay, sandy, bluish grey

Sand, coarse to very coarse, sub-
rounded, yellowish grey, intercalated
with bluish grey, sticky clay

Cley, bluish grey, sticky, plasstic
with minor send stresks

Clasy, blulsh grey to dark grey,
sticky

Clay, blulsh grey to dark grey,
sticky with a little sand and Inclusion
of laterite and calcarecus moaterial

Sand, cleyey, coasrse to very coarse
bluish grey to yellowish grey with
inclusion of greenish material

Sand coarse to very coarse, swb

rounded yellowish grey with minor
shell inclusions

LR I R T T L I T S

3.05 - 6.10

6.10 - 9.14

901 . - 12-19

12,19 - 15.2%
15.26 - 18.29

18.29 - 21.34
21.34 - 28.38

20,38 - 27.43

27.43 - 30.48

”o“ - 33-’3

33.53 - 36.58

--------

3.04

3.0

3.05
3.05

305

3.0%

3.05

3.05

3.05

3.05
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Sand, very coarse to gravelly with
minor Intercalstion of bluish grey ,
to yellowish grey clay 36.38 - 39.62 3.05

Sand, very coarse to gravelly with
minor Intercalstion of bluish grey
to yellowish grey clay with minor
lignite lepticles and yellow ochre 39.62 - 42.67 3.05

Sand, very cosrse to gravelly, grey,
sub rounded 42.67 - 45.72 3.05

Sand, coarse to very coarse, sub
rounded whitish grey, clayey 45.72 - 48.77 3.05

Send, medium to coasrse sub rounded
with occasional grevel, intercalated
with yellowish grey clay 48.77 - 51.82 3.05

Sand, coarse to very coarse, suwb
angular to sub rounded with inclusion
of marcasite 51.82 - 54.86 3.04

Sand, coarse to very coarse, sub
angular to sub rounded with inclusion
of marcesite with little whitish
to greyish clsy, plastic, sticky and
inclusion of laterite 54.86 - 57.91 3.05

Sand, coarse to very coarse, sub
rounded yellowish grey with minor
intercalation of clay of dark grey
to bluish grey and marcasite 5791 - 60.96 3.05

Gravel, sub rounded to rounded
greyish with inclusion of marcesite 64.04 - 67.06 3.05

Gravel, sub rounded to rounded
greyish with inclusion of marcaesite
intercalated with whitish kaolinised
clsy 67.06 - 70.10 3.04



(contd e o . .. )
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Clay, whitish to grey, plastic, sticky
intercalated with medium grained
sand and mica 70.10 -~ 73,15 3.05

Weathered biolite gpeiss with lot
of quartz pebbles and a little kaolinite

Weathered blolite gneiss with lot

of quartz pebbles and a little kao-
linitic clay 76.20 - 79.25 3.05
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Appendix II. Lithelogy of Talikulam site
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Send, fine tc medlum, sub rounded
greyish white with ferruginious
miperals 0 - 6.10 6.10

Sand, medium to coarse, sub angular
to sub rounded, yellowish grey with
sbundance of shells 6.10 - 13.71 7.61

Laterite, brown to dark brown,
gravelly admixed with yellowish
grey, coarse gralned send and 2
little clay and shells 13.71 - 17.07 3.36

Sand, coasrse grained, sub angular
to sub rounded, yellowish grey with
laterite gravels and minor speck
of whitish clay 17.07 - 21.34 4.27

Sand, very coarse grained to gravelly
sub angular to sub rounded, whitish
to yellowish with Iinclusions of
lateritic gravel and shells 21.34 - 25.60 4.26

Sand, very coarse grained to gravelly
sub snguler, yellowish grey with
sbundance of derk brown carbone-
ceous clay, lignite, calcareous matter
and shells 25.60 - 28.04 2.44

Sand, coarse to very coarse sud
sngulsr to sub rounded yellowish
grey to whitish 28.0% - 35.97 7.93

Sand, very coasrse grained, sub angular,
grey, intercalsted with carbonaceous
clay and lignite 35.97 - 39.62 3.05

Carbonaceous clay and lignite admixed
with very coarse to gravelly sand 39.62 - 51.82 12.20



(contd.‘-on)

Sand, cosrse to very cosrse grained
std angular to sub reunded, yellowish
grey to whitish with Inclusions
of mercasite

Send, very coarse to gravelly, suwb
sngular to sudb rounded, yellowish
grey to  whitish Intercaleted with
whitish to greyish clay with inclusions
of marcesite and ferrcmagnesian
minerals

Cley, lithomargic, whitish to pale
grey plestic, sdmixed with coarse
to very coarse sand pleces and
ferromagnesian minerals

Weathered blolite gneiss

Depth range Thickness
(m) (m)
31.82 - 59.7% 7.92
39.7% - 64.0 426
64,0 - 73,15 9.15
73.15 - 79.25 6.1



Appendix Ill. Lithology of Kasxhimbram site

....................

Send, fine to medium grained, subd
sngular tc sub rounded, brown
sdmixed with ferromagnesian minerals,
lateritic gravels

Sand, medium to coarse, sub anguler
to sub rounded, yellowish brown
to grey admixed with lsterite and
shells

Send, coarse to very coarse grained
st plece grovelly, sub angular to
sub rounded with minor stresis
of fine send and with very minor
treces of greyish cley and Inclusions
of shells, ferromagresium minersls

Cley, bluish grey, semi plastic,
sticky with minor stregis of cosme
to very cosrse sand

Sand, clayey, coarse to very coarse
sub sngular, yellowish grey to whitish,
sdmixed with clay of blulsh grey,
sticky, plestic with inclusions of
catbenacecus matter

Clsy, blulsh grey, hard, sticky plestic
with includens of carbonaceous
particles

Send, very cosrse to gravelly sub
angular, yellowish grey, intercalsted

c!;lth bluish grey o yellowish grey
oy

0-12.19

12.19 - 13.2%

13.28 - 27.43

27.43 - 30.48

3.8 - 3333

33.53 - 3.72

43.72 - 48.77

-------

.......

12.19

3.05

12.19

3.05

3.05

12.19

3.05
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Lithology Dept(r'inl)'ange Tmzl:)vess
Greavel, sub angular, yellowish grey
to grey with very minor streaks
of bluish grey clay which becomes
kaolinitic towards the bottom 48.77 - 64.01 15.24
Gravel, with abundance for fieldspar
ferromagnesians Intercalated with
more of kaolinite clay 64.01 - 70.10 6.09

Clay, dirty white to buff colour,
ksolonite, sticky, with sbundance
of quartz, weathered fleldspar
and ferromagnesian minerals 70.10 - 73.15 3.05



Appendix IV. Values of coefficient of permeability

Soll type Coetficient of permeabliity
(m/dey)

Limestone 0.0000008 - 0.00008
Sandstone 0.00012 - 1.2
Clay 0.00004% - 0.08
Siit 0.04 - 0.4
Very fine sand 0.4 - 5.0
Fine sand 4.0 - 40.0
Medium Sand %0.0 - 180.0
Coasrse sand 180.0 - 260.0
Very coarse sand 260.0 - 320.0
Very fine gravel 320.0 - 450.0
Fire grave! 430.0 - 680,0
Medium gravel 680.0 - 900.0
Coarse gravel 900.0 - 1200.0

Very coarse gravel 1200.0 - 1600.0



Appendix V. Veslues of porosity

Material Porosity
Solls 3% - 60
Clay 5 - 55
Sils 0 - 5
Medium to coarse mixed sand 3 - &
Uniform sand » -
Fine to medium mixest

sand % - ¥
Gravel - W
Gravel and sand 20 - 3
Sandstone 10 - 20
Shale 1 - 10
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Appendix VI. Computer programme

DIMENSION Y (40), Q2F (40), C (40), GF1 (40), GF (40), PR (40)
READ (1, 80) ALFA, AK, X, Ok N

FORMAT (8.3, 12)

Do2is 1, N

ALFA 15 THE EXCESS DENSITY RATIO

AK 1S THE COF. OF PERMEABRITY OF AGUFTR
AK 15 THE X CORDINATE OF INTERFACE
(] 15 THE INITIAL DISCHARGE

N 15 THE NUMBER OF OBSERVATIONS
READ (1, 30) Y (D)

FORMAT (FB.3)

CONTINUE

At 3 IS2/(ALFA®AK)

Bf = 2#X/(1 « ALFA)

PC3ts 4, N

C (1) = ~ 1*ALFARAKSY (DoY(D)

GF 1{Ds SGRT(B1%81- 4*A19C(D)

GF (- 196 B1+0F 1(1))/(29A1)

Q27 (D= 196 B GF 1(1))/(2°A1)

PRI (ABS(GN)- ABS(GF(1)))

WRITE (2,20)Y(0),G2F ()aF ()PR(N

FORMAT (4£15.8)

CONTINUE

sTOP

END
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ABSTRACT

Studies were conducted in three villages aslong the coastal sress of Trichur
district, nemely, Nattiks, Tallkulam and Edamuttam, to know the extent
of ses woater Intrusion through squifers. Observations were made In existing
wells slong an alignment normal to the coasst line. Aquifer parsmeters ond
fresh water flow through the asquifer were computed making use of borehole
dete avallable for the region. The positions of the interfaces were determined
using established formulse. The possible shifting of the interfaces due to
reduction In fresh water dlscherge consequent to future Increased mé of
pumping wee predicted. In each village, three wells were talen for the study
purpose. In all the cases, the maximum retes of pumping for various depthe
of wells, which will not couse seg water intrusion problems, have been deter-
mined. Chemical amnalysis showed that, at present there was no sait water
intrusion In the wells under study.

The resuits of the present study- lesd to o better understanding of the
ses water intrusion problem, the determinstion of the position of the interfaces
for vericus pumping rates might be effectively used in fixing the location
of wells, pumping retes and depth of wells. The study would be made use
of designing » ground water system in coastal sreas for & better utilisstion

of ground water resources.
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