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Coastal geohydrology is especially signi-
ficant in semi-arid monsoon tracts of
India where the withdrawal of ground-
water is excessive and the local people
depend more on surface/Broundwater
for their livelihood. Only in the water
eurplus period, the fresh water aqu'fers in
coastal zones discharge groundwater intc
the sea. The natural groundwater systern
is disrupted when witl'rdrawal of fresh
groundwater lowers the potentiometric
surface and accelerate the rnovement of
fresh/satrt water interface inland. This
process, called salt water intrusion, is
generally slow and takes many years to
disturb the entire grotmdwater system
permanently.Continued and excessive
pumping of fresh water evenhrally re-
veraes the hydraulic gradient, and as a.

result sea water migrates rapidly inland
causing displacement of the fresh water
component of thc ryrtcfn'

DIAGNOSING SALT WATER INTRUSION IN VAIPPAR ESTUARY OF
THE CHOI"AMANDAL COAST, INDIA

K. KUMARASWAMY, Tiruchirapalli and N. SMCNANAM, Madras.

ABSTRACT: Geohydrological, geochemicsl ard geophysical studies were undertalea to
assess the degrce of salt water intrusion within frcsh watcr aquifers in the Vaippar estuar.y'

of the Cholamandal Coast. Water users in the Vaippar estuary are aware of salt water
intrusion in the groundwater but no scientific work has been donq to define the extent of
the problem. The results of this study indicate that I ) salt water intrusion is present
where thin soil and sand layers are above clay or calcareous sandstong 2) electrical conduc-
tivity values, cation-anion ratiorCalMg/Na*K and Na*Il/Cl+-NOs, and SAR, TDS
and Total Hardness (as CaCOr) values are indicative of salt water contarnination in the
groundwater reservoir and 3) electrical earth resistivity tiepti profiles depict the fresh-salt-
water inter{ace at depths of 10 and 20-30 meten. 'Ihere is ,r^rr urgent need for additioal
scientific work to define the ertent of salt water intrusion so that cfrectit'e remedial measure!
can be undertaken to reduce tlre potential threat of the problern.

The problem of salt water inhrrsion has
been reported from various parts of the
wodd including the United States (Task
Committee of Salt 'Water Inttusion,
1969), Thailand (Das Gupta and Yapa,
l9B2), Italy, l\4exico, USSR (Goldberg,
1973) and United Kingdom (Llovd et
al. 1977). The excessive use of ground-
water, especially for irr:gation, in the
coastal areas of Ind:a and the resultant
intrusion of sea water into fresh viater
aquifers has also been well' documente,I
(Govemment of India, 1976; Sharma
and Mehta, 1979; Indian Nadonal Com-
mittee for IHP, l98l; Handa, 1989).

The coastal plain of Chidambaranar
Distriot of 'l'am'l Nadu, a part of Chola-
mandal Coast, is well known for the ex.
cessive us€ of groundwater for wet crop
cult'vation People living in the coastal
zone are arf,arc of salt water intrusion but
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(Fig. t)
no scienLfic studies have been made to
def:ne this problem. This paper br'ngs
together the geological and hydrolog'cal
info,rrnation to descr.be the spatial extent
and intensity of salt water intrusion in
V.ipp* estuary.
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HYDRCIGEOLOGY;

The Vaippar estuary covers an area of
about 60 km2 ex.'end:ng 6 km wide along
the coast and l0 km long from the point
of confluence of river Vaippar to the in-

Voippor Estuory
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terior (Fig. I ). Rainfall is approximately
600 mm annually (Station: Vilathi-
kulam). Water flows in the r:ver only
during October and Novernber when
5 0 per cent of the rainfall occurs. The
estuarine zone is a river plain containing
alluvium all along the flood plain and
its vicinity. The alluvium is cornposed of
coarse sand, gravel and black so'I. The
black soil contains traces of calcareous
sandstone wh ch is found beyond the
]rluffs. Away from the alluvium tract,
granite gneiss and red soil with pockets
of black soil are common.

There are few storage tanks to letain
th.e seasonal flow of water for irrigadon
and drinking purposes. Water shorhges
are more common in this area where the
fresh ggoundwater is the major source of
"'rater supply for r.aylous purpcses. F,:r
the 7 r'itrlages located in the study area,
'ihcre ar:e 153 irigation wells of vrhich
86 are energized and the others are
l:ulloc.k bailed. Since otiher types of ecc-
nrxnic resour€es are not well developed.
the land is intengively used for agricul-
ture and the fresh g:oundwater is over
.:xploited.

A detailed in.,rentory of both wiater
level and water quality for 15 observa-
tlon wells was undertak.en by the Glorr:C-
water Division of Publ:c Works Depnrt-
rnent, Governmert of Tamil Naclu. 'fhe
obser','ation we]l* are loc-ated rnostlv in
thc alluvial tract of the study area (Fig.
I ). The depth of the dug v,'e!ls ranqe
betnreen 2"2 and 9.0 m below the sround
level (Table I ). The v.';11gr lslrgl depth is
*4.35 to -2.0 rrl above VISI-, aloog the
lower river course and above 3.0 t'o 4.6
m on the western part of the study area.
Pump tests have been conduced in the
alluvial and calcareous sandstone tracts
to assess the groundwater withdrawal ir:
the a.rea. The average extraction per well

per year is calculated as 2.05 ha-m.
Groundwater extraction by four bullock
bailed wells is approx;mately equal to
one energized well's extraction. The
average extraction is about 5.4 million
gallons/well ,/vear. Frorn this it is esti-
mated rhat 21 2 ha.m. of g,roundwater ic
being extrirr:ted per year in thie study
area-

GROUNDWATER QUAUTY:
Chemical analyses of Electrical con-

ductivity, EC; Hydrogen ion concenfra-
tion, pI{; Calcium, Ca; Magnesium, Mg;
Sodiura, Na; Potassium, K; Chloride, Cl;
Carbonate, COr; and Bi-carbonate, HCO"
were conducted on groundwateg sampler
collected frolr the 15 observation wells.
In addition, Sodium Adsorption Ratio,
SAR; Total Dissolved Solids, TDS; and
Total Hardness (as Ca,COr) were deter-
mined. These analyses were used to de-
te.rmine the extent of salt water intrusion
in the *tud;r area. Higher EC, SAR, TDS.
Total Hardness and CIlCOr-IHCC, and
Iorver pH, CalMg/NafK and
Na*KiCl1-NO, ind'cate the p,resencc
*rf saline water in the coastal area
(Ravelle, I94l ; [-ove, 1944; Todd"
l9Bl; Rorlda et al. 1976; Lloyd et al.
l9B2; Hcward and L.loyd, 1983). Thc
Chlc,ride-tri<:arl:onate rat:o (CI/COr+
I-KO.) antl cation-anion ratios (Ca+
h(q /Na-LK and Nar-Kr/CIaNOr) were
atso catrcrrlated to evaluate the usefulness
of water qual;ty in the a.rea (Table 2).

Tlre chen:,ical characterist:cs of the
*'ater sanrples vary rviCely. Electrical
conductivity, SAR, TDS, Total Hardness
and CIiCOT+HCO, had apprec;able
'r'aria.tions. 'Ihe water samples from the
n'elis I , 7, 12 and 13 show a varying de-
gree of contamination by salt water in-
trusion. Groundwater quallty shovt' con-
tarnination by aome parameters and
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Table 1 : Lithology and Gmdwater Lerel

Well
Number

Depth (m)
Well

Lithology
(*)

Vater Level (I![SL)
(m)

8.65

2 5.10

,

4

5.50

6.85

5 7.74

6 2.20

7 7.35

9.00

5.70

l0 3.20

il 5.90

l2 5.50

l3 3.85

2.90l4

t5 3.70

0 -4.54.5 - 8.65
BS
els
BS
CoS

BS
cs

RS
css

BS
CrrS

CS
CoS, G

BS
CqS

BS
GrS

BS
GrS

CS
CoS, G

BS
GrS

ES
CSa, O

BS, O

BS
CoS

BS
CoS, G

I

9

0
t.5

0
1.2

0
3.8

0
2.5

0
0.7

0
2.5

0
1.0

0
2.0

0
1.0

0
2.A

0
t.8

0

0

a.7

0
t"0 -

_ 1.5

- 5.10

- 1.2

- 5.50

- 3.8

- 6.90

- 2.5

- 7.70

- 0.7

- 2.20

- 2.5

- 7.40

- 2.O

- 5.70

- t.0

- 3.24

- 2.0

- 5.90

- t.8

- 5.50

- 3.9

- 0.7

-2.9A

1.0
9.00

4.77 (3.88)

4.r0 (r.00)

,.13 (2.37)

5.5t (t.34'

1.07 (4.63)

-1.52 (3.72',)

4.46 (2.8e)

7.44 (t.56\

4.94 (0.76',,

2.20 (1.00)

6.25 (-0.35}

4.44 (t.46t

t.53 (2.32t

r.83 ( t.o7)

3.89 (-0.t9)t.0
3.70

BS 
- 

Black soil; RS 
- 

Red soil; CS - Cl"y"y soil; O 
- Organic Material;

CSS 
- C.alcarcous sand stone; CoS 

- 
Coarr eand; GrS -. Gravellary Sand;

G 
- 

Gravel; CSa - Oayey Sand.

I
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Table: 2 Chemical ChanctcrLticr of Groundwater Sampler
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2

3

1

5
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7

I
9

t0

il
t2

t3

t4

r5

345

1290

1870

7t00

4770

3050

8420

3240

3080

3340

332A

I 5000

740

I 820

3980

8.2

8.t

8.'
8.t

7.9

7.4

8.0

7.5

7.4

8.1

8.4

8.0

9.0

8.3

8.2

t.0

5.0

t 1.7

25.5

t2.2

8.5

25.0

t 0.6

8.7

7.0

7.2

30.0

2.0

5.6

9.t

230

800

3070

4350

2650

r 660

5?24

I 830

r 980

I 865

1775

89t 0

360

r 080

2360

153

268

875

590

665

475

1635

445

6t8

683

623

I 700

205

398

798

2.54

0.65

0.50

0.19

0.42

0.5 t

0.57

0.40

0.57

0.74

0.70

0.27

1.42

0.72

0.62

2.t6

t.r9
1.06

t.t2
1.20

r.03

0.92

t.6t

t.t5
0.92

0.93

0.9t

t.80

t.l0
0.84

0.t5

1.33

5.95

9.05

4.50

7.8?

t2.55

3.00

2.98

4.93

6.51

17.47

0.31

2.45

5.52

others show evidences of contamination
in all parameters except pH (Table 2).
Data from well 7 ind'cates m'xing of
saline water with the fresh groundwater
to undesirable (injurious) proportlons.
Well 4 also ind'cates m:xing of saline
water but EC, TDS and the cation-anion
ratio have much lower values than what
is being recorded for well 7. Wells 3, 5

and 15 show txaces of saline water, but
at moderate levels. Moreover, lhese tlrree

wells have variahle chem'cal characterl
stics. 'Wells I and l3 contain relatively
fresh groundwater while wells 2 and 14
show minor effects of saline water con-
taminat on. All the other wells (4, 6, B,

9, l0 and I I ) have recorded moderate
levels of sal;ne water contam,ination as
indicated by one parameter or another.

Wells 12 and 7 are located about 1000
m away from the northern side of the
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GEOPHYSICAL PROTILES
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Vaippar river (Fg. l). These locations

have only shallow top soil (Table I )'
Wells 4 and 5, which show traces of

sal:ne water, are also located where the

top soil is thin and the underlying parent

rock (calcareous sandstone) exerts its

influence on groundwater quality' These

two wells are located off the river course'

but have thick top soil than other wells

in the area. The fresh groundwater Sradi'
ent from the peripheral zones rnay be

the reason for the lo'rver salt con'tent in

tho wells ( I and 13) located in thc al-

luvial rract (Fig. l).

ETTECTRICAL RESISTTVTIY :

ent. Depth Probe I I has the h:ghest

variat;-on in apparent resisth'ity suggesting

the possitr'lity of sanall salinirty increase

with deptlu DePth Probe B shows the

poss-bility of m'xing of salt water wth
fresh wa.ter at increasing depth with small

variations in apparent reslstivity valuee'

DTSCUS$ON AND CONCLUSIONS :

Estimates of t}te extent of saline
groundwater may contain significant
enrrlrs if they 61q based on a single

mea"su.rcment parameter. This problem is
overcorne by selecting mu'ltic'riteria for
dete,rmin:ng satrt water intrusion. As a
ftst st@,, the parameters (simple as well
as ratio creasurcs) to Ereasure dre intru-
sion of the 15 observat'on wells are in'
terccrrrelated (Table 3). Sorne variablee

are sttongly interrelated with each other
(EC-TDS-SA.R); sorne with strong cor'
relat-io;rs (S;\R-CI/CO, IHCO,'-- Total
Harelness')" The negative parameters of

infrn-rs:or: (pH, Ca * fuIgr/Na*K and

Na+K/CI+NO,) have weaker correla-

ti,ons arnong themselves as well as rvitih

*then variatrles indicadng t}re dsk in de-

fining t}:e salt water intrusiozr based on

these pararnreters alone.

The overall e*dmate based on the eight

criter'a used in the present study in-

dicates that wells 4, 7 and t 2 are locatcd

near Lhe fresh water ,/ salt water interface.

It shows that- the interface is projecting

al,opg t*re river al;gnment. If unabated.

the wedge will migratc inta^nd and en-

large the saline. water contaminated area

of the \faippar cshrary.

T[re rcsultr of the present study in"

dicate that contamination in the study

area has not, yet'reached severe propor*

dons at l0 m depth in most of 'the area

Depth tlobe( DP) surveYs were con-

ducted up to a dePth of 70 meters in 3

profiles approximately parallel to the river

course (Fig. l). The resulls of the geo-

physical prof'les in terms of apparent re-

sist,vtty are shown in Fig. 2. Uniforrnly'

DP locations 2, 3, 4 (Prof'le I )' I ?' l3
and 14 (Profile 3) show lower apparent

resistivity (less than 5 ohm-m) indicating

the stronger possrbility of fresh water-

salt water mtxing between 20 and 50 m

depth. These locati'ons are in the transi-

tio,r, ,orr" between river alluvium and

calcareous sandstone.

Depth probes 5, 6 and 14 have less

than 5 ohm-rn apparent resisfvity at

l0 m depth indicating the possible pre-

s*nce of saline water. The DP profiles I

and 3 at l0 m depth deprgt a continuous

docl:ning qrend (l to 5 and I I to 14

DPs), except for thc con*p'icuous higher

valuo at DPs 4 and 13.

The elevated rcsist'vities at DPs 4 and

11 are attributed to the seePirge of fresh

*ratetr eittrer from tlrc tank locatod n€ar

by or from tfie nahrral fresh watcT gradi-
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Tr& 3 : Rcletimfifoo bctruca htnnhn indicatcr

Variabro TDs 
cl rotal

sAR co",+ Hco, [HH,
pH

C.+Ms Na*K

Na*K CI+NO.

EC

TDS

SAR

cl
@l*H@r

Total
Hardncgr
(Ca Oct)

pH

C. + It{8

Na*K

0.99 0.77

0.76

0.58

o.55

o.79

0.46

0.43

0.59

-0.39

-0.39

-0.t I

-0.22

-0.28

-0.0t

-0.t I

-0.t {

-0.26

0.E0 -0. t 5 o.23 -0.29

-0.t I 0.31 -0.,10

0.06 -0.09

-0.0t

Significancc of P

P < 0.01 df 13=0.68

P < 0.05 df 13=0.{8

.1

an{ dt,,i0-30 rru dopth in fewer arear.
Salt water which ir apparcntly at 30-7A
m bclow tfie ground lcvcl wilt rirc as a
aone and cntcr into frech water aquiferr
if unabatcd in dme. Drawdown of one
or two metrcs of frech water betrreen
10-30 m of dcpth may not pole a pro-
blcrn of salt watcr intrusion mainly bc-
caure of the hydraulic gradient of the
barin

It ie epparcnt that ealine rvater har in-
tsrdGd vertirlly ar wett ar taterally in

the frech watcr aguifen of Vaippar cr.
hrary. 'fhis ir the cace in many ertuarinc
tracts of the Lndian Coart. It ir a potential
danger to the Indian cconomy which ir
mainly depcndent on agdculture for itr
d,cvclopmalL Thur there is an urgcnt
necd for additi,onal *ientific work to
underrtaad the patterns of salt water in-
tnsion co that rcmcdial mcalura can bc
undertakcn to rcduoe thc interuity and
rpread of tldt problem in rhe coertat
arGtl.
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