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ABSTRACT

The suitability of groundwater for irrigation uses was assessed in Cumbum valley covering a total area of
about 1485.62 km? The study area is located in Uttamapalyam taluk and a small part of Periyakulam Taluk
of Madurai district, Tamil Nadu. Fifty five groundwater samples were collected from open wells in the various
locations in the study area. The samples were analyzed for major cations and anions and other parameters
viz., EC, Kelley’s ratio, SAR values, Mg-hazards, HCO, and RSC have been worked out to know the suitability
of the groundwater for irrigational purpose. Piper trilinear diagram interpretations were made to know the
chemical type of the groundwaters. It reveals that the subsurface water is alkaline earth (Ca+Mg) then
alkalies (Na+K) type. The groundwater samples fall under class-I of Doneen’s classification and use in good
to permissible zone according to Wilcox classification. According to the SAR values plotted in the USSL
Staff diagram, most of the groundwater samples belong to C.-S, (41.82%) class indicating that the groundwater
could be used for all types of crops on soils of medium to high permeability.

INTRODUCTION

Natural water isnever pure and always contains some quan-
tities of dissolved gases and solids. The quality of water
that we ingest as well as the quality of water in our lakes,
streams, river and oceans is a critical parameter in deter-
mining the overall quality of our lives. Water quality is
determined by the solutes and gasesdissolvedinit, aswell
asthe matter suspended and floating on the water. The water
quality isaconsequence of the natural, physical and chemi-
cal state of the water as well as any alteration that might
have occurred as a consequence of human activity. The use-
fulness of water for a particular purpose is determined by
thewater quality. If human activity altersthe natural water
quality so that it is no longer fit for a use for which it had
previously been suited, the water is said to be polluted or
contaminated.

Geochemical processes in groundwater involve the in-
teraction of country rockswith water, leading to the devel-
opment of secondary mineral phases. The principles gov-
erning the chemical characteristics of groundwater well
documented in many parts of the world (Garrels & Christ
1965, Stumm & Morgan 1970, Swaine & Schneider 1971,
Kimblin 1995, Raju 1998).

In the present study, groundwater samples have been
collected and analyzed for major cations and anions. The
irrigational parametersviz., EC, Kelley’sratio, SAR val-
ues, Mg-hazards, HCO, and RSC have been worked out to
understand the suitability of the groundwater for irriga-
tional purpose.

STUDY AREA

Study arealocated in the whole taluk of Uttamapalyam and
a small part of Periyakulam taluk, situated in the western
corner of Madural district of Tamil Nadu. It lies between
latitudes 9°34' N to 10°10' N and longitudes 77°10" E to
77°31' E and falls within the Survey of Indiatoposheets 58
F/8, 58 G/1, 58 G/2, 58 G/5 and 58 G/6. The extent of the
area is about 1485.62 knm?. The length of the valley along
NE-SW direction is about 60 km and its width is about 28
km (Fig. 1).

MATERIALS AND METHODS

Fifty fivewater sampleswere collected during the year 2009
from different dug wells, which are amost uniformly dis-
tributed over the study area. Before awell water sample is
taken, the well should be pumped for some time so that the
sample will represent the groundwater from which the well
is field. All bottles should be rinsed with the water to be
sampled beforethe samplefor analysisis collected. If water
samples are collected in glass bottles, sufficient air space
may be provided, but if polythene bottles are used they may
be provided, completely filled. Groundwater samples
analyzed inthelaboratory for major cationsand anions, EC,
and pH. pH and electrical conductance were measured within
afew hoursby using Elico pH meter and conductivity meter
respectively. Caand Mg were determined titrimetrically us-
ing standard EDTA method and chloride was determined by
silver nitrate titration (Vogel 1968) method. Carbonate and
bicarbonate were estimated with standard sulphuric acid.
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Fig. 1: Study area and groundwater sample locations.
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Sulphate was determined a gravimetrically by precipitating
BaSO, by BaCl,. Naand K were determined by Elico flame
photometer (APHA 1996). Sodium Adsorption Ratio (SAR)
was cal cul ated by dividing sodium with the root of half cal-
cium and magnesium as described by Richard (1954).

RESULTS AND DISCUSSION

The results of the analysis are given in Table 1. The inter-
pretation of the groundwater quality data for irrigation has
been carried out as per guidelines given by Ayers (1977)
and Christiansen et al. (1977).

Sodium Adsor ption Ratio: The sodium or alkali hazard in
groundwater for irrigation isdetermined by the absolute and
relative concentration of cations and is expressed in terms
of Sodium Adsorption Ratio (SAR). There is a significant
relationship between SAR values of irrigation water and the
extent to which sodium is absorbed by the soil. If
groundwater used for irrigation is high in sodium and low
in calcium, the cation-exchange complex may become satu-
rated with sodium.

Na
Ca+ Mg
2

SAR = (All'ionsin epm)

A simple method of evaluating the high sodium in water
is the SAR. Calculation of SAR value for a given
groundwater provides a useful index of the sodium hazard
of that water for soilsand crops. Classification of water with
referenceto SAR isprovided by Herman Bouwer (1978). A
low SAR of 0 to 6 indicates no problem from sodium;
increasing problem is between 6 t0 9, and severe problemis
above 9. Thelower theionic strength of solution, the greater
sodium hazards for a given SAR. The value of SAR in the
groundwater samples of the study area ranges from 0.1 to
6.99 during pre-monsoon (Table 2). All samplesfall under
the category of no problem except one sample, which fals
under the increasing problem category.

Kelley'sRatio: Kelley et al. (1940) have suggested that the
sodium probleminirrigational water could very conveniently
be worked out on the basis of the values of Kelley’s ratio,
whichis calculated asfollows.

Na
" Ca+Mg

Kelley'sRatio al ionsin epm
Groundwater having Kelley’ sratio morethan oneisgen-
erally considered as unfit for irrigation. The Kelley’sratio
has been calculated for al the water samples of the study
area. It variesfrom 0.09 to 2.66 epm (Table 1). Groundwater
having more than one is generally considered as unfit for
irrigation. The Kelley’ sratio has been calculated for al the
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groundwater samples of the study area.

Residual Sodium Carbonate: Residual Sodium Carbonate
is defined as RSC = (CO, + HCO,) — (Ca + Mg) where all
concentrations are expressed in epm. The water having ex-
cess of carbonate and bicarbonate over the akaline earth,
mainly calcium and magnesium, in excess of permissiblelim-
its affects irrigation unfavourably (Eaton 1950, Richards
1954). Table 3 shows that 96% of samples are safe for irri-
gation purpose and the rest are unfit for irrigation usein the
pre monsoon season. The range of residual sodium carbon-
atein groundwater intheinvestigated areavariesfrom 18.92
to 2.77 epm.

Magnesium Ratio: It isexpressed as:

Mg x100

Magnesium Ratio =
Ca + Mg

Whereall theionsare expressed in epm. Excessof mag-
nesium affectsthe quality of soilswhichisthe cause of poor
yield of crops. The magnesium ratio of premonsoon
groundwater variesfrom 30t0 91.01 epm (Table 1). Magne-
sium ratioswerefound to be more than the permissiblelimit
inall thewater sample locations, except few locations. High
Mg ratio is due to surface water and subsurface water more
reacted and passage through the limestone, kankar and gra-
nitic rock formation in the study area (Pandian et al. 2007).
Chemical Relationship: ThePiper’ strilinear diagram (Piper
1944) is most useful to understand the chemical relation-
ships among groundwater. The chemical quality data of the
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Fig. 2: Piper trilinear diagram.
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Table 1: Anions and cations concentration in groundwater samples. All values in the table are expressed in equivalent per million (epm) except EC in
pScm?, TDS in ppm and pH.

Sam- Ca Mg Natk HCO, co, SO, pH EC* TDS Keley RSC* SAR* Na% Mg-
ple No. Ratio Ratio
1 585 6.8 23 32 15 09 94 8.3 600 384 0.18 -7.95 091 1538 5375
2 4.99 3.56 4.24 3.86 0.03 154 276 7.9 1241 734 0.50 -4.66 2.05 3315 4164
3 2.69 4.26 7.58 527 013 166 4.68 7.9 1494 927 1.09 -1.55 4.07 52.17 61.29
4 4.05 3.25 3.55 2.6 245 0.2 55 8.35 3670 2284 0.49 -2.25 1.86 32.72 4452
5 255 5.9 2.8 215 035 035 7.1 845 2160 1432 0.33 -595 136 2489 69.82
6 5.74 4.09 9.44 5.97 0.03 152 10.56 8.1 1918 1119.2 0.96 -3.83 4.26 48.99 4161
7 29 25 455 42 09 0.15 5.6 8 1883 1205 0.84 -030 277 4573  46.30
8 119 3.19 3.13 162 0.03 0.77 031 7.9 720 438 0.71 -2.73 2.12 4168 72.83
9 4.1 3.95 24 6.95 0.09 085 22 7.95 1604 1026 0.30 -1.01 1.20 2297 49.07
10 5.28 9.19 3.56 419 O 17 9.5 6.9 1760 1051 0.25 -10.28 1.32 19.74 6351
11 4.05 4.15 695 58 105 095 6.1 8.1 2980 1914 0.85 -1.35 343 4587 50.61
12 515 6.45 6.25 325 215 085 127 825 3550 2272 054 -6.20  2.60 35.01 55.60
13 375 23 445 29 165 08 5.05 8.9 2900 1856  0.74 -1.50 256 42.38 38.02
14  3.05 2,55 385 295 02 105 515 8.9 2900 1792  0.69 -245 230 40.74 4554
15 255 9.65 1175 46 26 155 163 8.1 6860 2390 0.96 -5.00 476 49.06 79.10
16 395 2.6 6.2 28 04 07 775 7.9 1353 780 0.95 -335 343 48.63 39.69
17 375 522 521 391 0003 166 7.24 8.1 2380 1530 0.58 -5.06 246 36.74 58.19
18 18 22 2.95 34 0.7 0.2 2.6 8.3 1410 4077 0.74 0.10 2.09 4245 55.00
9 3 3.02 2.8 205 007 115 4.69 8 8664  502.6  0.47 -390 161 31.75 50.17
20 4.3 3.6 41 245 11 0.75 4.15 8 2420 1549 0.52 -4.35 2.06 34.17 4557
21 115 2.95 3 19 035 03 31 8 1400 896 0.73 -1.85 210 4225 7195
22 5.6 5 5.55 195 04 0.35 10.2 8.35 3560 2274 0.52 -8.25 241 3437 4717
23 39 5.45 195 24 21 08 28 8.8 1590 1018 021 -490  0.90 17.18 57.98
24 613 9.19 356 379 034 203 814 7.8 1667 1054  0.23 -11.19 129 18.86 59.99
25 815 8.85 45 125 0.2 12 1635 82 4490 2874  0.26 -15655 154 20.93 52.06
26 1.85 25 1.65 255 03 025 16 8.7 1240 791 0.38 -1.50 112 2750 5747
27 104 8.25 11.7 355 245 16 238 7.85 7160 4582 0.63 -12.65 3.83 3855 44.24
28 2.35 4.15 2.2 2.8 175 3 213 8.45 1780 1139 0.34 -1.95 122 2529 63.85
29 0.5 175 1.65 0.8 0.25 055 245 8.6 572 366 0.73 -1.20 1.56 4231 77.78
30 2.09 1.37 9.2 6.17 0.06 0.87 6.29 7.9 1209 721 2.66 277 6.99 72.67 39.60
31 475 8.25 1345 38 07 0.9 19.3 825 5380 2200 1.03 -850 5.28 50.85 63.46
32 2.35 3.25 7.1 2.7 115 11 8.05 8.35 2280 1459 127 -1.75 4.24 55.91 58.04
33 8.3 7.1 4.5 295 045 0.35 1545 8 4040 2586 0.29 -12.00 1.62 2261 46.10
34 305 1.75 185 265 025 0.25 345 895 1200 768 0.39 -1.90 119 27.82 36.46
35 9.89 1153 29 245 0.05 052 1804 79 2365 1342 014 -18.92 0.89 11.92 53.83
36 395 4.25 495 38 08 075 7.8 7.9 2820 1805  0.60 -355 244 37.64 51.83
37 285 1.9 185 155 038 045 37 8.4 1300 8322 0.39 -240 120 28.03 40.00
38 32 215 4.1 245 0.6 0.2 6.25 8.3 2280 1459 0.77 -2.30 251 43.39 40.19
39 405 3.01 9.2 391 003 072 1303 78 840 486 1.30 -312 4.9 56.58 42.63
40 485 5.3 7.7 375 25 0.65 95 8.1 3380 2016  0.76 -390 342 4314 5222
41 6.1 6 27 29 3.8 14 7.2 8.4 2950 1960 0.22 -5.40 1.10 18.24 49.59
42 545 7.25 45 13 06 0.75 126 835 3430 2195 0.35 -10.80 1.79 26.16 57.09
43 0.85 8.6 5.6 44 165 08 755 8.2 3030 937 0.59 -340 258 3721 9101
44 345 4.09 645 3.88 0.02 13 68 7.8 1385 8023 0.86 -364 332 46.10 54.24
45  6.95 7.6 51 6 0.35 135 119 865 3190 2135 0.35 -820 1.89 25.95 52.23
46  2.89 10.32 1374 836 012 332 116 8.1 2330  1556.8 1.04 -473 535 50.98 78.12
47 245 1.05 2 255 07 0.8 135 8.8 1150 736 0.57 -025 151 36.36  30.00
48 32 3.05 495 26 08 03 55 825 2220 1421  0.79 -285 280 4420 48.80
49 1.35 13 2.05 11 0.8 0.05 1.9 7.85 1420 902 0.77 -0.75 178 43.62 49.06
50 265 25 38 12 235 0.45 4.95 845 9340 5998 0.74 -1.60 237 4246 4854
51  0.39 0.29 006 024 O 0.06 4.96 8 70 39 0.09 -0.44  0.10 811  42.65
52 12 14 22 1 15 04 19 895 1620 1037  0.85 -0.10  1.93 4583 53.85
53 22 1.25 2.8 31 0.45 025 25 8.5 1800 1152 0.81 0.10 213 4480 36.23
54 215 4.35 385 325 06 02 575 845 1500 1322  0.59 -265 214 37.20 66.92
55 34 3.55 645 665 135 05 5.05 8 2660 1702  0.93 1.05 3.46 48.13 51.08

EC* —Electrical conductivity, RSC* — Residua Sodium Carbonate, SAR* — Sodium Adsorption Ratio
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investigated area are used in Piper’s trilinear diagram for
graphical analysis (Fig. 2). It revealsthat water is mostly of
alkaline earth exceeds alkalies in the pre monsoon season.

Doneen’ s Per meability I ndex: The soil permeability is af -
fected by long term use of irrigation water. It isinfluenced
by sodium, calcium, magnesium and bicarbonate contents
of soil. Doneen (1964) has evolved a criterion for assessing
the suitability of water for irrigation based on permeability
index (PI) as given below.

Na-+ \/HCO3
——=x 100
Ca+ Mg+ Na

Where, Na, Ca, etc. values are in epm. The magjority of
the samplesfall under Class-| (Fig. 3) asper Doneen’sclas-

Table 2: Classification of sodium adsorption ratio in groundwater.
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sification (Table 4), whichindicatesthat groundwater isgood
for irrigation.

Wilcox Diagram: Wilcox (1955) used sodium % and spe-
cific conductancein eval uating the suitability of groundwater
to irrigation. Sodium percentage determinesthe ratio of so-
dium to total cations viz., sodium, potassium, calcium and
magnesium. All the concentration values are expressed in
equivalents per million (epm). The results (Table 5) show
that the groundwater near the upstream is good for irriga-
tion and the contamination isfound to be high near the down-
stream (Fig. 4). Thismay be dueto effluentsfrom theindus-
triesaswell asthe domestic sewage directed into theriver.

USSL Diagram: U.S. Salinity Laboratory diagram (1954)
interpretation is given in Fig. 5. The two most significant
parameters of sodium and salinity hazardsindicate usability

Table 3: Classification of residual sodium carbonate in groundwater.

SNo. Limiting Water Total No. of  Percentage SNo. Limiting Category Total No.of  Percentage
Values quality Samples % Values Samples %
1 0-6 No Problem 54 98.18 1 <125 Safe 53 96.36
2 6-9 Increasing Problem 1 (30) 1.82 2 1.25-25 Marginal 2 3.64
3 >9 Severe Problem - -
Table 4: Classification of irrigation groundwater based on Doneen (1964).
Sl Category of Sample Numbers Total No. of Percentage
No. irrigation water (Locations samples) Locations (%)
1 Class- | 1,3,4,5,6,7,8,9,10,11,12,13,14,15,16,17, 18,19,20,22,23,24,25,
27,28,31,32,33,34, 35,36,37,38,39,40,41,42,43,44,45,46,48, 45 81.82
50,54,55.
2 Class- Il 2,21,26,29,30,47,49,51,52,53. 10 18.18
3 Class- 111 Nil Nil -
Table 5: Classification of groundwater for irrigation based on Wilcox Diagram Interpretation (1955).
Sl. Category of Pre Monsoon Total No. of Percentage
No. irrigation Water (Locations samples) Locations (%)
1 Excellent to Good 1,8,29,51 4 7.27
2 Good to Permissible 2,3,6,7,9,10,17,19,21,23,24,26,28,34,37,39,44,47,49,52,53,54 22 40.00
3 Permissible to Doubtful 30 1 181
4 Doubtful to Unsuitable 5,11,13,14,18,20,32,35,36,38,41,43,46,48,55 15 27.27
5 Unsuitable 4,12,15,16,22,25,27,31,33,40,42,45,50 13 23.64
Table 6: Groundwater classification based on USSL Diagram Interpretation (1954).
Sl. Category of Pre Monsoon Total No. of Percentage
No. (Locations samples) L ocations (%)
1 C1-S1 51 1 1.82
2 C2-s1 1,8,29 3 5.45
3 C3-s1 2,3,5,6,7,9,10,16,18,21,23,24,26,28,34,37,39,44,47,49,52,53,54 23 41.82
4 C3-s2 30 1 1.82
5 C4-S1 4,11,12,13,14,15,17,19,20,22,25,33,35,36,38,40,41,42,43,45,48,50,55 23 41.82
6 C4-S2 27,31,32,46 4 7.27
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Fig. 3: Classification of groundwater for irrigation
for soils of medium permeability (Doneen). Fig.4. Wilcox diagram. Fig. 5. USSL diagram.

for agricultural purposes. USSL classification of groundwater
inthe study areaisgivenin Table 6. Twenty three locations
(41.82 %) samples occur within C-S, category. These cat-
egories are predominant in the study areaand accordingly it
isinferred that the groundwater in those areasis suitable for
irrigation purpose.

CONCLUSION

In this study, the assessment of groundwater for irrigation
has been evaluated on the basis of various guidelines. Piper
trilinear diagram interpretations were made to know the
chemical type of the groundwater. It reveals that the sub-
surface water is alkaline earth (Ca+Mg) exceeds alkalies
(Nat+K) type. The groundwater fall under Class-I for
81.82% as per the classification of Doneen’ s Permeability
Index, and could be treated as good for irrigation. The
Wilcox classification has shown 23.64% of groundwater
under “unsuitable” zone. According to U.S. Salinity dia-
gram, 41.82 % of groundwater samples belong to C.-S,
(high salinity-low SAR) under the present investigations,
and this type of groundwater should be used for soils of
medium to high permeability. It is evident that high salin-
ity of groundwater persistsat majority of sites. Hence, itis
suggested that suitable measuresin terms of enhancement
of drainage have to be made in areaswhere high salinity is
observed, for satisfactory crop growth.
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