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Effect of sea water intrusion on quality parameters of ground water

S.MOHANDAS AND R. MARIMUTHU
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Abstract: A study was carried out in coastal Ramanathapuram district to find out the influence
of sea water intrusion on quality of irrigation water. The analytical results indicated that the
ground water in the study area was sodic. The Residual Sodium Corbonate (RSC) value was
ncpative in ninety three percent of the samples analysed. The Sodium Adsorption Ratio (SAR)
of irrigation water was found to be positively associated with SAR of the Soil Water Extract
(SWE). A wide variations in the other quality paramelers viz. potential salinity, permeability index,
sodium ratio and adjusted SAR were observed due to the intrusion of sea water in to the
ground fresh water aquifers of the coastal belt at various degrees. Significant positive correlation
was noticed between SAR of irrigation water and the SWE of imigated surface soils (r=0.231)
No relationship existed between SAR and ESP of the coarse taxtured soils in the coastal areas,
(Key words: Sea water intrusion, Quality parameter, Coastal belt, and [rrigation water),

Most of the ground water aquifers situated
along the shoreline have hydraulic contact with
sea. Under normal conditions fresh ground water
from the land mass is discharged into the sea.
When the original balance is disturbed by over
exploitation, the flow into the sea decreases by
different degrees depending on the rate of exploitation
by pumping. If the rate of extraction exceeds
critical value, depending upon the hydrology
of aguifers, the seaward flow ceases completely
and reversal of flow sets in. This phenomenon
can greatly impair the water quality in the coastal
belt. In Tamil Nadu, the problem of ground
waler salinity or sodicity exist both in coastal
areas and inlands, The exact nature and intensity
of the problem however, has not been system-
atically surveyed indetail. Many coastal areas
of Tamil Nadu offers problems like salinisation,
waterlogging, clay pan formation and sea water
inundation. Present study has been carried ou
to find out the effect of sea water intrusion
on quality parameters of irrigation water in the
coastal region.

Materials and Methods

The study area covered in the coastal area
is about 1, 48, 955 ha. The cntire coastal belt
of Ramanathapuram gets abundant- sunshine in
the summer and moderate precipitation in winter
leading to high evaporative demands. Places had
been marked from coast to inland at various

distances, for the collection of water samples.
Existing open wells marked in the places had
been utilised and one litre of water sample had
been collected from each place for laboratory
analysis. The water table in the study area and
the distance from the sea had also been recorded.
The water samples collected were analysed for
the chemical constituents and the quality parameters
viz. RSC, SAR, SSP, PS, PI, Adjusted SAR and
Na ratio had been worked out (Table 1) using
the standard formulae.

Results and Discussion
Quality parameters of irrigation water
a) Residual Sodium Carbonate (RSC)

The RSC of irrigation water (iw) varied
from -92.2 (Ethampadal) to 456 Cmol L-
Ramanathapuram) with a mean value of 8.14
Cmol L. Nearly 93 per cent of the water
samples recorded negative RSC values indicating
its less impact on imparing ground water quality.
No distinct correlation was observed between
the distance from sea, water table and RSC of
ground water, may be due 1o mixing of ground
water. The increased positive values had been
noticed in the region where the water contained
mc;f] of CO; and HCO;, (Kanwar and Kanvar,
1971).
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b) Sodium Adsorption Ratio (SARJ

This ratio expresses the relative  activity
of sodium ion in cation exchange reactions within

the -soil, The SAR is more significant than the
Soluble Sodium Percentage (SSP) for use as an

index of the sodium or alkali hazard of the
water, !:n[',c:ausn:*.1 it relates - more dsrecll}r to the
adsorption of sodium by the soil. It was found
that SAR of irrigation water varied from 0.35
(Ucliipulli).to 59.34 (Kulathur) with mean value
of 12.24. This variation might be due to the
presence of sodic water or sea water in the aquifers
near the sea.
values were found highest than the interior from
sea. There was no significant correlation between
the water table and SAR of irrigation water. In
managing Ihu irrigation water and drainage water
for salinity control, it is generally desirable to
maintain the SAR of irrigation water below a
value of 10. In the presemt study nearly 33
percent of irrigation water analysed have recorded
the SAR values of more than 10,

c) Soluble Sodium Fercenmge (S5P)

.. The soluble sodium percentage (SSP) varied
from 9.38 per cent (Uchipuli) to 95.14 per cent
(Kulathur) with mean value of 60.98 per cent.

Highly significant correlations were rioticed between i
the SSP and water table (r = 0. 32!‘)**] the distance
from the littoral region and ‘SSP (r=0.219%*);,

This may' be due to sea water influence in the
aquifers. The same trend was earlier observed
by Lee and Strickland (1988).
dj Parfnmr;*u’ Salinity (PS)

Potential salinity included all the Ci-, Na*

and Mg * and hall'of the MgSO,. A wide variation.

in the PS value “of imigation water evidences
the sea water intrusion in fo ‘ground aquifers.
The lowesl value (1.19 Cmol L") was observed
at Moyampuli and the highest value (153.50
Cmol L) at Neelamadai with mean value of
3855 Cmol L7,
irrigation water near the sea and distance from
the sea, @ significant. correlation was found
(r=0.382") Bruington (1958) reported that in some
areas of California, salt water had moved up
o 4.5 miles inlund, No significant correlation

Near the littoral region, the SAR

Comparing the PS value of -

was observed between the water table and the

PS of irrigation water. In the present study ground
waler salinity was observed cven up to 25 km
mland dapendmg upon the type of soil,

€) Pemreabfr'it;r Index (PI) .

The long term use of irrigation water
containing high total salt concentration such as
Na*and HCO,, affected the permeability of soil,
(Paliwal et m’ 1975). The PI was lowest (29.14
per cent} at Uchipuli and highest (102,56 per
cent) at Kulathur with mean value of 70.98 per
cent. ‘This variation may be due to intrusion
of sea water in to the coastal aquifers and continued
pumping may be resulted in further more intrusion.

f} Adjusted SAR

The lowest value (0.08) of adjusted SAR
was observed at Mandabam and the highest, value
(173.5) at Kanjankudi with mean value of 30.90,
The correlation between the watertable and adjusted
SAR was found significant (r=0.243),

3 G) Sedium Ratio (SR)

The sodium ratio (SR} ranged from 0.16
(Uchipuli) to 19.57 (Kulathur) with mean value
of 2.74. This variation might be due to the
presence of sea water in the deeper, down gradient
parts of the aquifers. Lee and Strickland (1988)
recorded ground water chemistry of water from
non- calcarcous and calcareous sand aquifers and
found that irrigation water become sodium and
chloride dominated by mixing with subsurface
brines ‘or sca water present in the deeper, down
gradient parts of aquifers. Based on the sodium
ratio the water were grouped under class 1 (Jess
than 1) and Class 11 (more than 1). Sodium.
accumulation tended to become a problem, if
the sodium ratio exceeds one. In the present
study nearly seventy five per cent of samples
analysed have recorded sodium ratio value exceeding
one.

Conclusions

Based on the water analytical results in
the coastal Rarnanathapuram district, among the
qualily ‘parameters studied viz SSP. PS, PI,
adjusted SAR and Na*, except RSC at the different
water table levels and distances  away from the
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Table 1, Gifect of sea water intrusion on quality parameters of ground water.

S.  Place Distance Waer  RSC  SAR  S8p  PS pr.. Adji. Ne
No. from sea (km) table (m) (m.egflit) (%) (m.egfiit) SAR - ratio
. Mandaham 10 30 24 872 6901 1946 79.02 1402 224
2. Maraikkayar thottam 1.0 20 009 778 6024 2945 6481 1556 152
3 Sundaramudayan 1.0 8.0 24 049 2000 200 5354 020 019
4. Devipattinam 1.0 10, 46 2926 8525 7623 BRSS 7897 578
S, Athiyoothu 1.0 12.0 22 11T 2564 547 4857 11T OM
. Keelokkarai 1.0 7.0 L8 5076 9154 130,22 9291 1577 10.82
7. Uchipuli 1.5 4.0 33 290 4483 R26 6000 348 081
R Moyampuli 1.5 a0 3.5 9.2 60.47 2149 77.56 15.64 2.28
9. Erwadi 1.5 2.0 -2 3506 8748 9484 B935S BT 698
10, Saloithotiam 20 40 05 1200 3150 203 1577 060 0.60
1. Bamban 0 4.0 127 248 2119 2041 3RS 397 037
12. Mangammal Salai 20 1.0 26 121 2703 419 4D64 097 037
13. Kanjankudi 25 8.0 62 5422 9159 14422 93106 173.50 10.89
14, Tirappullani 25 8.0 6.7 2220 78.56 8430 8199 6216 3.66
15. Sethukkarai 25 12.0 55 738 6299 2161 6883 1255 170
16. Singarathoppu 30 1.0 -19 525 53.04 2136 oD45 945 113
I7. Veadulni i0 20 22 708 648] 1727 7557 1149 |83
I8, Udayarvalasai 3.0 1.0 0.5 36 5897 517 8004 379 144
19. Nadumunaikadu 3.0 1.0 0.0 350 5844 42] Ble7T 280 14l
20, Tiruppullani a0 10.0 130 2304 7921 5196 BLLB3 6248 3R2
21, Pathratharavai 30 50 -133  IB50 7294 7136 7696 7995 269
22, Regunathapuram 30 6.0 131 847 5764 3049 6312 1862 L3
23, Thangachimadam 30 20 -1.1 335 6086 907 7657 691 |63
24, Akkamndam 30 .0 08 054 9500 LI 63.27 01 033
25, Vannangundu 4.0 2.0 -118 378 4188 2127 4760 600 072
26. Vannangundu 4.0 20 26 3900 9070 731 9430 10920 9.75
27, Panchanthangi 50 50 29 058 1724 411  4L03 035 021
28. Ethampadal 6.0 10.0 -022 2240 62.05 24525 6262  B0.64 .63
29. Sempudayarkulam 6.0 1.0 18 756 7000 13250 8071 1134 135
30, Palonivalasai 7.0 1.0 22 176 32.65 6.03 5406 176 048
31. Neelamadai 7.0 10.0 -26.8 3093 7891 15350 80.50 9904 374
12, Sumaithangi 8.0 B.0 5.0 2310 8215 6030 8606 6066 4.60
33. Rameswaram 10,0 6.0 -8 204 3333 1022 4613 245 050
34. Kuntanendal 10.0 5.0 0.4 4.90 60.42 6.22 7505 490 207
35, Shanmugonathapuram 100 7.0 <16 7BY 6364 2573 6655 1488 175
36. Karumal 10,0 220 -13.6 238 BO4S TRS59 8223 6426 4.0
17, Motchivayal 10.0 25.0 B3 302 3636 1704 4636 503 057
J8. Pandikkanmai 10.0 27.0 -321 1392 8642 1037 10076 1949 333
39. R.S. Mangalam 1.0 20.0 288 353 56,17 741 61,82 3408 128
40. Chinnakeeramangalam 11.0 10.0 -B.88 684 36,55 2271 64.04 1231 147
4]1. Sathankulam 120 10.0 42 1279 TRIT 3291 7889 2686 273
42. Paranoor 12.0 10.0 -147 669 5452 34094 5749 1338 190
43, Samiyarmadam 12.0 50 L2 413 532 929 6964 578 116
44, Patanamkathan 15.0 6.0 0.2 5.06 6346 752 8066 S06 .04
45. Kavanoor 150 120 -104 576 5426 2678 5885 1037 | (v
46 Keelakkottni 150 0 42 2336 2619 4801 8835 5606 624
47, Sembadachi 15.0 10.0 476 1810 6436 13606 6554 5601 |:E|
48. Kulathoor 16.0 100 <40 5034 9504 9109 956 16615 1957
49. Ramanathapuram 16.0 B0 456 690 7258 478 0466 8§97 265
50. Terinuveli 1.5 0.0 .50 1060 7292 2734 7731 204 249
s1. Thethangal 180 70 <106 890 4348 1878 5021 624 077
52. Pandiclugai 200 21.0 32 550 6338 1113 7M™ 170 l"ﬂ
53, Matlal 200 170 -1652 960 5830 4838 6241 2400 140
54, Atchudhanvayal 215 50 L0 461 6034 736 7670 - S0 L5
55. Chinnackaramesi 22.0 250 56 B30 6338 2025 Tl 1401 216

Conze,..
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56, Pulivangudi 2.0 300 4.4 17,00 8911 1467 10144 2766 IR
57. Nayinarkoil 23.0 1.0 -8 706 6633 1353 7545 1074 197
58. Nedunguruchi 250 1.0 46 4530 3937 7738 9446 9531 84l
59, Udayarkudiyiruppu 25.0 21.0 =330 1920 69.05 11288 7076 5760 I1:
60, Thabalchavadi 250 50,0 13 471 6140 821 76,84 471 159
61, Ettivayal 250 500 0.6 T.06 68.67 1220 8159 988 219
62, Satheakudi 26.0 15.0 218 B4l 5391 5045 5770 0507 117
63. Thinaikkulam 26.0 7.0 =254 594 4255 4B68 4724 1430 074
64, Vanniyavannam 27.0 10.0 1700 908 6596 43.84 6938 2088 1.63
65, Veerammalthottam 210 8.0 -92 11,10 6896 3390 7351 2331 1M
66. Kunappanendal 215 12.0 -0 079 2336 207 5575 032 031
67. Aryanendal 300 150 -1.9 352 5300 744 7025 352 107
68. Tiruvarangam 300 13.0 35 1795 8216 3043 8967 3949 46D
69. Emaneswaram 350 200 1.8 B45 7813 839  B9.71 1099 357
Minimum 922 035 2000 L1} gIs 01 019
Muximum 46 5934 09514 2452 1014 1735 1057
I'-'_Iean B14 1224 6098 3855 7098 3090 274

sea, confirmed the intrusion of sea water in to
~ the inland at various degrees. Hence, the farmers
of Ramanathapuram district having land holding
within 25 Km from the littoral region, may be
adviced not to dig wells beyond 8 m depth
and those who are having wells more than this
depth can cultivate only salt tolerant crops like
- coconut, chillies, cotton and ragi, etc. Besides
the farmers in the littoral region should avoid
over exploitation of ground water and digging
deeper wells in order to prevent further intrusion
of sea water in to good quality fresh water aquifers.
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