
CHAPTER VI

WATER QUALITY

" It Is my opinion that the Earth Is very noble and admirable and If it had 
contlnuedan Immense globe of crystal, where In nothing had ever changed I 
should have esteemed it a wretched lump of no benifit to the Universe "

Galileo (1564-1642

One of the main objectives of this thesis is to evaluate the quality of the water, both surface 

and sub-surface in the light of the analytical results. To achieve this, various methods like Piper’s 

diagram (1944) and estimation of water quality index (WQI) for various purpose by applying Bhargava’s 

(1985) technique were employed. Also an attempt was made to know the mechanism of salinity in 

the coastal tract by using Subramanian’s (1994) technique, Finally mitigatory methods have been 

proposed.

WATER FACIES

Geochemical analytical data indicated that the dominant ions such as Ca,+. Mg++, Na+, 

HC03 ■, C03 - , SO/ Cl • in the water, varied in concentration from sample to sample To synthesize 

and interprete these data, a trilinear diagram, originally proposed by Piper (1944) has been adopted 

in this work. This diagram comprises three distinct fields - two triangular fields and a diamond shaped 

field. In the tiangular fields, plotted separately, are the percent equivalent per million (epm) values of 

the cations, Ca+ ' and Mg*+ (alkaline earths) and Na' (alkali) and anions, HC03- (weak acid) and 

SO/ - and CL (strong acid). From the mean of pre and post monsoon samples (Table 6.1, 6.2, 6.3, 6.4, 

6,5, and 6.6), the percent epm values of the aforesaid cations and anions are plotted in the Piper 

trilinear diagram (Fig. 6.1, 6.2 and 6.3). These plots depict the quality of the water of the valley.

BHADAR VALLEY

SURFACE WATER FACIES

Figure 6.1 shows the pre and post monsoons surface water trilinear plots. It reflects various 

water facies viz.

Ca dominant - Derdi (p.s) and Bhadar at Jefpur of the pre-monsoon.

Na+K dominant - Only post-monsoon water from Derdi (p.s) to Lunagiri(p.s) and from

Moj nadi to Bhadar, west of Warasara.

No dominant cations - Rest of the pre and post monsoon seasons' sample.

C03+ HC03 dominant - In pre-monsoon from Karmali nadi, Sultanpur bridge, Survo nadi, Derdi

(p.s) and Lunagiri (p.s) In post-monsoon water from Gondii nadi to 

Derdi (p.s), Jetpur (p.s) to Phophal nadi and Bhadar west of Warasara.

Cl dominant - Bhadar at Vegdi, Dhoraji, Upleta and south of Isra in pre--monsoon

and Bhadar at Atkot and south of Dumiyani in the post-monsoon.

No dominant anions - Rest of pre-post monsoon seasons water.
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• Pre-monsoon samples 
x Post-monsoon samples

Fig.6.1: PIPER TRIUNEAR 
CHARACTERISTICS

DIAGRAM SHOWING CHEMICAL 
OF SURFACE WATER, BHADAR RIVER BASIN
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Extrapolation of these cations and anions in the diamond plot, shows the mean pre-monsoon 

surface water to be of two types viz.

Ca.Mg - COs, HC03 

Ca, Mg - Cl, SO,

Water from Karmali nadi, Survo nadi, Bhadar at Sultanpur 

bridge, Derdi and Lunaglri (p.s).

Rest of the samples.

Whereas for post-monsoon water samples are of four types

Na.K - C03, HC03

Ca, Mg - S04+Cl 

Ca.Mg - C03, HC03

Na, K - SO,, Cl

- Derdi (p.s), Jetpur (p.s) to Lunagiri (p.s), Moj nadi 

and Bhadar west of Warasara.

- Bhadar at Atkot and from Vegdi to south of Dumiyani.

- Gondii nadi, Survo nadi, Phophal nadi and Bhadar at Sultanpur 

bridge.

- Galoliya nadi, Bhadar at Upleta and South of Isra.

SUB-SURFACE WATER FACIES

Figure 6.2 shows the pre and post monsoon samples of sub-surface water plotted in trilinear 

diagram. It exhibits mainly Na+K dominance both in the pre and post monsoon samples (beyond 

Dhoraji and upto west of Warasara in pre-monsoon and Survo nadi bank, Upleta, Ganod and west of 

Warasara In post-monsoon). However, the rest lies in the " no-dominant” field (water between Khirasara 

and Dhoraji in pre-monsoon and rest of the samples except that from Vegdi which is calcium domi­

nant).

The anion plots mainly reflect Cl dominance (Bhuki, south of Dumiyani, and west of Warasara 

in pre-monsoon and all stations exceptive the bicarbonate and no dominant type) or C03 + HC03 

(Khirasara, Jetpur, Lunagiri, Vegdi and Dhoraji of pre-monsoon and Khirasara, Panchpipla and west 

of Warasara of post-monsoon) in both the seasons or otherwise lies in the ‘no dominant field (Remain­

ing station of pre and post monsoon).

The diamond plots exhibit the following classes for pre and post monsoon seasons :

Ca, Mg - Cl, S04

Ca, Mg - CO,, HCO

Na, 1< - SC>, Cl

Na, K - CO,, HCO,

- Pedhla, Panchpipla, Bhuki and east of Bhuki (in pre-monsoonl: and 

all stations excepting Khirasara, Panchpipla, west of Warasara, Survo 

nadi bank, Upleta and Ganod (in post monsoon!

- Khirasara, Jetpur, Lunagiri, Vegdi and Dhoraji fpre-monsoonl: 

Khirasara, and Panchpipla fpost -monsoon).

- South of Dumiyani to west of Warasara fore-monsoont and 

Survo nadi bank, Upleta and Ganod fpost-monsoont.

- Only one sample (west of Warasara) in post-monsoon.

COASTAL AREA WATER FACIES

Piper trilinear diagram (Fig. 6.3} conspicuously reflects the Na+K (alkali) dominance in both
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x Pre-monsoon samples 
• Post-monsoon samples

Fig.6.2: PIPER TRILINEAR DIAGRAM SHOWING CHEMICAL 
CHARACTERISTICS OF SUB-SURFACE WATER
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. o Pre-monsoon surface samples 
APost-monsoon " 
xPre- monsoon sub-surface samples 
•Post-monsoon ** " "

<-------Ca<- -> Cl-

Fig.6.3: PIPER TRIUNEAR DIAGRAM SHOWING CHEMICAL
CHARACTERISTICS OF SURFACE AND SUB-SURFACE WATER, 
BHADAR RIVER BASIN. (Coastal areas, beyond Kutiyana)
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pre and post monsoon samples of surface and sub-surface water. Similarly, Cl field is dominant over 

the rest, in the diamond plots major samples fall in the Na, l< - S04, Cl field.

WATER QUALITY INDEX

An indexing system using the critical parameters for individual purpose has been evaluated 

by following the most popular aggregation technique which is the weighted multiplicative function. 

For this, Bhargava’s (1985) formula was used for computation
■W 1/n

1 = 5 [W] x 100
Where fi(Pi) is the sensitive function of the ith parameter and n is the number of water quality consid­

ered relevant for the purpose of use.

The goal of the above study was to produce an indexing system based on something spe­

cific, definable and meaningful to the planner and people and to answer the question, “How suit­

able is a particular water for certain use ?" Further, after plotting the standard curves, the WQI have 

been classified as under.

WATER CLASSES BASED ON WQI

Water class Category WQI

1 Excellent > 90

II Good 65-89

III Satisfactory 35-64

IV Poor 11-34

V. Unacceptable < 10

The sensitive function versus concentration for various parameters for different purpose are 

given in figures 6.4, 6.5, and 6.6. While selecting the determinands, in addition to Smith's (1990) 

suggestion, some more determinands were used to produce the index score and are as given in 

Table 6.7.

DRINKING

Having produced sub-index rating from determinand values (Fig. 6.4) aggregate final index 

score was produced for pre-monsoon separately and post-monsoon separately for individual station 

of surface and sub-surface water within the Bhadar valley proper. From the final WQI, the classes 

have been determined which have been tabulated in tables 6.8, 6.9 and 6.10.

WQI of both pre and post monsoon surface wafer reflect that natural streams such as Gondii 

nadi, Survo nadi, Phophal nadi and Moj nadi are satisfactory whereas the rest are either poor or 

unacceptable. Where as in the sub-surface water WQI reflects that Pedhla, Panchpila, east of Bhuki,
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Vertical axes — Sensitivity 
function

Horizontal axes- Concentration 
of parameters

Except pH, concentration of other 
parameters are in mg,/litre

Fig.6.5: Sensitivity function Vs. parameter value of drinking water
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1.01,

Fig.6.5: Sensitivity function Vs. parameter value of water 
, for industrial use.

103



u
c
D

Li-

o n ......................y

Fig,6.6: Sensitivity function Vs. parameter value of water 
for irrigation.
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TABLE 6.7 : IMPORTANT DETERMINANDS FOR BENEFICIAL USE

Determinands Drinking Industrial Irrigation

pH *

Total suspended solids *

Total dissolved salt * *

Electric conductivity *

BOD ★
Hardness *

Chloride ★ ★

Sulphate *

Flouride *

Lead *

Cadmium *

Copper * ★

Iron *

Manganese *

Sodium Absorption Ratio *

Residual Sodium Carbonate *

Sodium percent *

Survo nadi (bank) and west of 2Warasara water are satisfactory, while the rest are poor or unaccept­

able.

The same exercise was done for the coastal tract. The results of WQ! is furnished in table 6.9. 

It is amply clear that none of them is fit for drinking except those at Paswali and Garej pond, which, 

to an extent, can be termed satisfactory. This confirms with the present day usage among the masses.

INDUSTRY

The dyeing and printing units, flourished in and around Jetpur, constitute the major industry 

in the Bhadar basin. These units require large quantum of fresh water at various stages in the dyeing 

and printing processes. Hence, the beneficial use of the surface and sub-surface water only for 

textile dyeing and printing have been considered while working out the WQI for industrial use.

Viet and Bhargava (1989) considered hardness, EC and depth of light penetration (DLP) as 

the determinands for the index score to evaluate the usability of water for industries. However, consid­

ering the U.S. Federal water pollution control (Karanth, 1990, p. 256) the standard upper limit (values 

in parenthesis) of the determinands for water to be used in textiles (scouring, bleaching and dyeing), 

are Fe(0.01 mg/I), Mn (0,01 mg/I), Cu (0.01 mg/I), Hardness (25.0 mg/I), pH (2.5, 10.5), TDS (100.0 mg/ 

I), Colour (5 units) and TSS (5 mg/I). Of them, the author has considered six parameters. pH and colour 

were not taken into consideration since pH value is within the limits and secondly colour units were
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Tabic 6.8 : WQI for Drinking (Surface water), Uliadnr valley

I’re-monsoon
Stations pH TDS BOD Cd Pb Cu Cl F WQI Class

Karmali pool 0.46 0.49 001 - - - 0.82 - 21 IV

Sultanpur bridge 0.59 0 50 001 0.01 0.00 1.00 0.78 0.16 12 IV

Survo nadi 0.32 0.46 - - 0.01 - 0.78 - 49 III

Galoliya 0.28 0.01 0.01 0.01 0.01 0.95 0.61 0.74 08 V

Jetpur 0.42 0.01 0.01 001 0.01 0.94 0.47 0.10 06 V

S.of Kcrali 0 47 0.01 . 0 01 0.01 0.01 0.99 0.52 0.44 07 V

Vegdi 0.51 0.26 0.01 0.01 0.01 1 00 0.64 0.68 12 IV

Bhuki 0.53 0.42 0.01 0.01 0.01 1.00 0.76 0.60 13 IV

Dhoraji 0.58 0.22 - 0.01 0.01 1.00 0.67 0.26 16 IV

S. of Dhumiyani 0.62 0.26 - 0.01 0.01 1.00 0.67 0.01 10 V

Upleta 0.60 0.25 001 0.01 0.01 1.00 0.65 0.23 11 IV

S of lsrn 0.60 0.25 - 0.01 0.01 1.00 0 60 0 01 10 V

Warasara - - - - - - - - - ?

Chauta 0.63 0.38 - 0.01 0.01 1 00 0.70 - 16 IV

Post-monsoon
Stations pH TDS BOD Cd Pb Cu Cl F WQI Class

Atkot 0.41 0.46 0.01 - - 061 - 18 IV
Gondii 0 38 0.65 - - - - 0.90 - 61 HI

Sultanpur Bridge 0.47 0.55 0.01 001 0 01 1.00 0.79 0.01 08 V

Survo nadi 0.51 0.60 - - - - 0.82 - 63 III

Gololiya nadi 0.35 0.38 0.01 0 01 0.01 1 00 0.71 0.01 07 V

Jetpui 0.38 0.01 0.01 0 01 0 01 1 00 0 43 1 00 08 V

S. of Kerali 0 40 0.50 0 01 0.01 0.01 1.00 0.76 0.01 08 V

Phophal nadi 0 40 0.70 - - - - 0 84 - 62 111
Vegdi 0.41 0.50 0.01 0.01 0.01 1.00 0.76 1.00 14 IV

Bhuki 0.45 0.49 0 01 0.01 0.01 1.00 0.76 1.00 14 IV

Dhoraji 041 0.49 - 0.01 0 0! 1 00 0.74 001 11 IV

Dumiyani 0.42 0.51 - 001 001 1.00 0.76 1.00 21 IV

Moj nadi 0.38 0.61 - - - - 0.82 - 57 HI

Upleta 0.45 0.52 0.01 0.01 0 01 1.00 0.76 0 01 08 V

Lsra 041 0.01 - 0.01 0 01 1.00 0.76 0 01 06 V

Warasara 0 51 0.55 - - - - 0.79 - 60 HI

Chauta 0.51 0.57 - 0.01 0 01 1.00 0 80 001 11 IV
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Table 6.9 : WQI for drinking (sub-suffacc water), Bhdar valley.

Prc-nionson

Stations pH TDS BOD Cd Pb Cu Cl F WQI Class

Khirasara 0.60 0.66 - 0.01 0.01 0.99 0.88 0 80 22 IV

Pedhla 0.42 0.25 - - - - 0.68 “ 41 111

Jetpur 0.74 0.74 - 0.01 0.01 1.00 0.90 0.01 12 IV

Panchpipla , 0.51 0.50 - 0.01 0.01 1.00 0.81 001 11 IV

I km before 
Panchpipla

0.44 0.55 - ” “ 0.82 ** 58 III

Lunagiri 0.35 0.30 - 001 0.01 1.00 0.73 1 00 19 IV

Vegdi 0.31 0.19 0.01 0.01 0.01 1.00 0.62 1 00 12 IV

Bliuki 0,55 0.14 - 0 01 0 01 1.00 0 59 0 46 15 IV

li of Bliuki 0.55 0 45 - - - 0 78 - 58 111
Dhoraji 0.63 0.50 - 0.01 0.01 1.00 0.90 0 96 22 IV

S. of Dumiyani 0.68 0.42 - 001 001 1.00 0.70 0 90 21 IV

Uplela(R) 0.71 0.54 001 - - - 0 79 - 23 IV

Upleta 0.35 0.01 - 001 001 1 00 0.15 1 00 09 V

Ganod 0 44 0.01 - 0.01 0.01 1.00 0.30 0.17 08 V

Waiasara 0.58 0.02 - - - - 0.46 - 17 IV

Isra 0.55 0.38 - 0.01 0.01 1.00 0.68 1.00 20 IV

Post-monsoon

Stations pH TDS BOD Cd Pb Cu Cl F WQI Class
Kotda Sangani 0.53 0.01 - - - - 0.39 - 13 IV

Khirasara 0.51 0 38 - 0.01 001 1.00 0.73 0.01 10 V

Survo nadi bank 0.34 0.29 - - - - 064 - 40 111
Panchpipla 0 44 0 49 - 001 0.01 1.00 0.81 1.00 2! IV

Lunagiri 0.50 0.01 0.01 001 0.01 1.00 0.30 1 00 08 V

Vegdi 0.46 0.01 - 0.01 0.01 0.99 0.01 1.00 06 V

Jam Kandorna 0.51 0.29 0.01 - - - 0.72 - 18 IV

Bhuki 0.40 0 28 - 0.01 . 0.01 1.00 0.65 1.00 18 IV

Upleta 0.32 0.16 - 0.01 001 0.99 0.17 1.00 14 IV

Ganod 0.44 0.01 - 0 30 0 01 1.00 0.01 1.00 10 V

Waiasara 0.41 0.56 - - - - 0.83 - 57 III
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Table 6.10 : WQI for drinking (Surface & sub-surface water), coastal area.

I’re-monsoon

Stations pH TDS BOD Cd Pb Cu Cl F WQI Class

Katwana * 0.58 0.01 - - - - 0.01 - 04 V

Paswali * 0.43 0.01 001 - . ' - 0.01 I 00 05 V

Segras 0.70 0.01 - 0.01 0.01 1.00 0.01 0.01 03 V

Bobdi nadi 0 84 0.01 - - - - 0.01 - 04 V

Garej 0.74 0.37 - 0.01 0.01 1 00 0.62 0.04 13 IV

Garej Pond 0.23 0.46 - - - - 0.68 - 42 HI

Navibandar 0 63 0.01 - 001 0.01 1.00 001 0.01 03 V

JND-ii * 0 75 0.01 - - - - 0.01 - 04 V

Gosa * 0.73 0.01 - 0.01 1.00 1.00 0.01 1.00 07 V

Limbadi * 0.71 0.01 - - - - 001 - 04 V

Mokal * 0.64 0.01 - - - - 001 - 04 V
Mahira * 0 56 001 - . 0.01 I 00 1 00 0.01 1.00 07 V
Nedhna * 0.44 0.66 - 0.01 1.00 1.00 0.86 1.00 22 IV
Pharer * 0.58 0.01 0.01 - - - 001 - 03 V
Bantwa * 0.22 0.01 - - - - 0 79 - 12 IV

Post-monsoon
Stations pH TDS BOD Cd Pb Cu Cl F WQI Class

Katwana * 0 71 0.01 - - - - 0.01 - 04 V
Paswali 0.35 0.52 - - - - 0.76 - 52 111
Paswali * 0.44 0.14 001 - - - 0.51 1.00 20 IV
Segi as 0.49 0.54 - 0.01 0 01 0 99 0 76 0.01 11 IV
Bobdi nadi 0.66 001 - 001 0 01, 0.99 001 1.00 07 V
Gaiej 0.42 0 16 - 0.01 0.01 1.00 0 38 1.00 16 IV
Garej Pond 0 46 0.58 0.01 - - - 0 76 - 21 IV
Navibandar 0.53 0.52 - 0.01 0.01 1.00 0 73 0.01 11 IV
JND -11* 0.68 0.01 - - - - 0.01 - 04 V
Gosa * 0.66 0.01 - 0 01 0 01 1.00 0 01 1.00 07 V
Limbadi * 0.74 0.01 - - - - 0.01 - 04 V
Mokal * 0.74 001 - - - - 0.01 - 04 V
Jambu * 0.80 0.01 - - - - 0 01 - 04 V
Maliira * 0.74 0.01 - 0 01 0 01 1.00 001 1.00 07 V
Nedhna * 0.64 0.64 - 0.01 001 1 00 0 90 1.00 23 IV
Pharer * 0.78 001 - - - - 0.01 - 04 V
Bantwa * 0.44 0.06 - - - - 0.73 - 27 IV

* Sub-surface water
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not measured. Further, Cl- amd S04 are also taken into account as they too are important (Kotaiah 

and Kumara Swamy, 1994, R 110) Figure 6.5 depicts the plots of sensitive function versus permitted 

upper limit concentration of different variables. The WQi and the water class is furnished in tables 

6.11, 6.12 and 6.13. WQI clearly indicates that the water quality is a "unacceptable " catagory for 

both surface and sub-surface samples.

IRRIGATION

Viet and Bhargava (1989) considered EC and chloride as the determinands to specify the 

WQI for irrigation. However, considering the importance of percent sodium, sodium absorption ratio 

(SAR) and residual sodium carbonate (RSC) as suggested by Wilcox (1955) and Richard (1954), the 

latter three were also taken Into account to obtain the Index score. The sensitive function versus 

concentration of variables plot is as furnished in figure 6.6, Effluent waste water from textile units are 

also used for irrigation. Therefore, WQI of point source were also calculated and are given in table 

6.14, 6.15, and 6.16.

Except the point source, the surface wafer of Bhadar valley in pre-monsoon belong to satis­

factory to poor water class for irrigalional use. In the post-monsoon by and large all water belong fo 

satisfactory category excepting those of Gondii nadi and Bhadar at Jetpur which are good; whereas 

south of Isra, it is of poor quality. The improvement in the surface water quality in the post-monsoon 

season Is on account of precipitation.

For sub-surface water, except at Uplefa and Ganod, the water quality is to good to satisfac­

tory for irrigation, irrespective of the seasons.

In the coastal block, WQI for irrigation of the surface and sub-surface water are satisfactory in 

Garej, Nedhna, Jambu, sluice gate Navibandar, Segras and Paswali. The rest are poor or unaccept­

able.

In addition to above Index scoring the author has made an attempt to evaluate the quality of 

water for agricultural purpose separately for Bhadar valley and coastal region, western us sdinify 

diagram based on U.S. Salinity diagram , R.S.C. and Wilcox plot.

Bhadar valley 

U.S. Salinity diagram

The parameters considered in the U.S. salinity diagram are furnished in table 6.14,15,16. The 

diagram 6.7 exhibits the mean EC and SAR values of pre and post monsoon surface samples of 

Bhadar valley. Majority of the pre-monsoon water belong fo C3-S1 type (good water), however, a few 

deviates and falls into the field of C4-S1, C4-S2, C4-S3, C4-S5 and C5-S1 types. According to this 

plot, Galoliya nadi, Bhadar at Jetpur and south of Kerali are moderate whereas, the point source are 

unsuitable for the same purpose. Likewise, all post-monsoon water samples are good except that of 

the point source at Derdi which is unsuitable and that of Jetpur which is of moderate category.

109



Tabic 6.11 : WQI for Industrial use (Surface water), Bliadar valley.

Pre-niousoon
Stations TDS Hardness Cu Mil Cl so4 TSS Fe WQI Class

Karmalt pool 0.01 0.01 - - 0.01 1.00 1 00 - 6 V

Sultanpur bridge 0.01 0.1 0.01 1.00 0.01 1.00 0.01 1 00 6 V

Survo nadi 0.01 0.01 - - 0.01 0.80 0.01 - 2 V

Galoliya nadi 0.01 001 0.01 0.80 001 0.01 0.01 0 60 3 V

Jetpur 0.01 0.01 001 1.00 0.01 0.01 0.01 1 00 J V

S.of Kerali 0.01 001 0.01 1.00 001 001 0.10 0.50 5 V

Vegdi 0.01 0.01 0.01 1.00 0.01 0.62 0.01 1.00 5 V

Bhuki 0.01 0.01 001 1.00 0.01 0.58 0.01 1 00 5 V

Dhoraji 0.01 0.01 0.01 1 00 001 0 60 0.01 0.84 5 V

S ofDhumiyani 0.01 0.01 0 01 I 00 0.01 0 01 0.01 1.00 3 V

Upleta 001 0.01 0 01 1.00 0.01 0.33 0.01 1.00 5 V

S oflsra 0 01 0.0! 0 01 I 00 0 01 0 26 0.10 1.00 5 V

Chaula 0.01 001 0.01 1 00 0.01 0.01 0.01 1.00 4 V

Post-monsoon
Stations TDS Hardness Cl so4 TSS Fe Mn Cu WQI Class

Atkot 0.0.1 0.0.1 0.0.1 1.00 0.99 - - - 06 V

Gondii nadi 0.01 0.01 0.33 1 00 '0 01 - - - 05 V

Sultanpui bridge 001 0.01 001 1.00 0.01 0 32 1.00 0.01 05 V

Survo nadi 001 001 0.01 1.00 001 - - - 02 V

Gololiya nadi 0.0! 0.01 0.01 0 69 0.01 1 00 1.00 0.01 05 V

Jetpur 0.01 001 . 001 1 00 0.01 001 I 00 001 03 V

S of Kerali 0.01 0.01 0.01 1.00 001 1.00 0.01 001 03 V

Phophal nadi 0.01 0.01 0.24 1 00 1.00 - - - 12 IV

Vegdi 0.01 0.01 0.01 0 62 0.01 1.00 0.20 0 01 04 V

Bhuki 0.01 001 001 0.01 0.20 1 00 0.60 0.01 04 V

Dhoraji 0.01 0.01 0 01 0 60 0.01 1.00 0 60 0.01 05 V

Dundyan i 0.01 0.01 0.01 0.90 0.01 1.00 1.00 001 05 V

Moj nadi 0.01 001 001 1.00 1.00 - - - 06 V

Upleta 001 001 001 0 69 0 28 1.00 1.00 0.01 08 V

1st a 0.01 0 01 0 01 0 92 0.18 1 00 1 00 001 08 V

Waiasara 0 01 0.01 0.01 1.00 0.01 - - - 02 V

Chauta 001 001 001 1 00 0.12 1.00 0.40 0.01 07 V
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Table 6.12 : WQ1 for Industrial use (Sub-surface water), liliadar valley.

Pre-monsoon

Stations TDS Hardness Cl so4 TSS Fe Mn Cu WQI Class

Khirasara 001 001 0.33 0.62 001 0.81 1.00 0.01 8 V

Jetpur 0.01 0.01 0 37 1.00 0.01 1.00 1.00 0.01 9 V

Pedhla 0.01 0.01 0.01 0.10 i.00 - - - 4 V

1 km before 
Panchpipla

0.01 0.01 0.02 0 44 1.00 “ 6 V

Panchpipla 0.01 0.01 0.01 0 33 001 1.00 1 00 001 5 V

Lunagiri 0.01 0.01 001 0.12 0 96 1.00 1.00 0.01 8 V

Vegdi 0.01 0.01 0.01 0 52 0.01 0.6! 1.00 001 5 V

Bhuki 0.01 0.01 0 01 0.71 0 01 1.00 1.00 0 01 5 V

E. of Bhuki 0.01 0.01 • 001 0.08 1 00 - - - 4 V

Dhoraji ' 0.01 0.01 0.44 0.81 0.01 0 69 1 00 0.01 8 V

S. of Dumiyani 0.01 0.01 001 0.10 001 0.68 1.00 0.01 4 V

Upleta(R) bed 0.01 0.01 0 01 0.01 001 - - - 1 V

Upleta 001 0.01 001 0.01 0.01 061 1.00 001 3 V

Isra 0.01 0.01 0.01 0 05 0 20 0.48 1.00 0.01 5 V

Ganod 0.01 0.01 0.01 001 001 0.97 1.00 001 *■» V

W. of Warasara 0.01 0.01 0 01 0 16 0 01 - - - 2 V

Post-monsoon

Stations TDS Hardness Ci so4 TSS Fe Mn Cu WQI Class

Kotda Sanghani 0.01 0.01 0.01 1.00 001 - - - 2 V

Khirasara 0.01 001 0.01 1 00 0.01 1.00 1.00 0.01 6 V

Survo nadi bank 0.01 0.01 001 1 00 0.01 - - - 2 V

Panchpipla 0.01 0.01 0 01 0 48 0.01 001 001 0.0! 2 V

Lunagiri 0.01 0.01 0.01 0 33 0.01 1.00 0.01 0.01 -v V

Vegdi 0.01 0.01 0.01 1.00 0.01 1.00 0 70 0.01 5 V

Jam Kardoma 001 0.01 001 1 00 0.01 - - - 2 V

Bhuki 0.01 0.01 0 01 0 73 0.01 1.00 0.40 001 5 V

Upiela 0.01 0.01 0 01 0 01 0.01 1.00 1.00 0.01 3 V

Ganod 0.01 0.01 0 01 001 0.01 1.00 1.00 001 •">:> V

W of Warasara 0.01 001 0 05 1 00 0.01 - - - 3 V
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Tabic 6.13 : WQI for Industrial use (Surface & sub-surface water), coastal area.

Pre-monsoon
Stations TDS Hardness Ci S04 TSS Fe Mn Cu WQI Class

Katwana * 0.0.1 0.0.1 0.0.1 0.01 0.01 - - - 01 V
Paswali * 0.01 0.01 001 0.01 0.01 0 63 1.00 0.01 03 V
Segras 001 0.01 0.01 0.01 0.01 0.52 1.00 0.01 03 V
Bobdi nadi 0.01 0.01 0.01 0.01 0.01 - - - 01 V
Garej 0.01 0.01 • 001 1.00 0.01 0.79 1.00 001 05 V
Garej Pond 0.01 0.01 001 0.82 0.01 - - - 02 V
Navibandar 0.01 0.01 0.01 0.01 001 0.67 1.00 0.01 03 V
JND - 11 * 0.01 0.01 0.01 0.01 0.01 - - - 01 V
Gosa * 0.01 0.01 0.01 0.01 001 0 90 1.00 001 03 V
Limbadi , * 0.01 0.01 0 01 001 0 01 - - - 01 V
Moknl * 0.01 0.01 0.01 0.01 0.0! - - - 01 V
Maliira * 0.01 0.01 0.01 0 01 0 01 0.80 1.00 0.01 03 V
Nedlma * 0.01 001 0.20 1.00 0 76 0.52 1.00 001 13 V
Pharer * 001 001 001 0.01 001 - - - 01 V
Bantwa * 0.01 001 001 0.01 0.44 - - - 02 V

Post-inonsoon
Stations TDS Hardness €1 S04 TSS Fe Mil Cu WQI Class

Katwana * 0.0! 0.01 0.01 0.01 0.01 - - - 1 V
Paswali 001 0.01 . 0.01 0 44 0.01 - - - 2 V
Paswali * 001 0.01 0.01 0 22 0 01 1.00 1.00 0.01 5 V
Segras 001 0.01 0.01 1.00 0.01 1.00 1.00 0 01 6 V
Bobdi nadi 0.01 0.01 0.01 0.01 0.01 1.00 0.50 0.01 J V
Garej 0.01 0.01 0 01 1.00 0.01 1 00 1.00 0 01 6 V
Gare| Pond 0 01 0.01 0 01 0 04 0 01 - - -

? V
Navibandai 0 01 0.01 0 01 0.02 0.01 1 00 1 00 0 01 6 V
JND - 11 * 0 01 0.01 0.01 0.01 0.01 - - - 1 V
Gosa * 001 0.01 0 01 0 01 0.01 1.00 1.00 001 3 V
Limbadi * 001 0.01 001 0.01 0.01 - - -

i V
Mokal Is 001 0.01 0.01 0 01 0.01 - - -

i V
Jambti 001 0.01 0.01 0.01 0.01 - - - i V
Mahira £ 001 0.01 001 0.01 0.01 1.00 0.10 0.01 2 V
Nedlma * 001 0.01 0.37 1.00 001 1 00 LOO 001 9 V
Pharer 4* 0.01 0.01 0.01 0 01 0 01 - - - 1 V
Bantwa * 0.01 001 0 01 0 01 001 - - - 1 V

* Sub-surface water
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Table 6.14 : WQ1 l'or Irrigation (Surface water), Hhadar valley.

Pre-iiionsoon

Stations RSC EC %Na SAR WQI Class

Karmali nadi 0.84 0 40 0 27 0 91 54 111

Sultanpur bridge 0.70 0.42 0 26 0 90 51 111

Survo nadi 0.46 0 36 0.34 0.91 47 in
Derdi (p.s) 0.01 0.01 - - 01 V

Galoiiya nadi 0.01 0.01 0.01 0.78 09 V

Jetpur (p.s) 0.01 0.01 0.01 0.01 01 V

Jctpur 0.0 i 0.01 0 01 0.58 03 V
Panchpipla (p s) - 0.01 - - 01 V
S of Kerali, 0.01 0.01 0 34 0.70 07- V

Ltinagin (p s) 0.01 0.01 0.01 0.86 03 V
Vegdi 1.00 0.12 0 40 0.87 45 III
Bhuki 1.00 0.32 0 41 0.90 59 III
Dhoraj i 1.00 0.08 0 18 0.87 33 IV
Dunnyani 1.00 0.13 0.14 0 86 35 III
Upleta 1 00 0 12 0.12 0.86 33 IV

Isra 1.00 0 12 0.10 0.86 32 IV
Chatita 1 00 0 26 0 02 0.83 26 IV

Post-monsoon

Stations RSC EC %Na SAR WQI Class
Atkot 1.00 0 37 0 30 0.90 56 III
(Sondali nadi 1 00 0 59 0 43 0 93 70 11
Sultanpur bridge 1 00 ' 0.48 0 30 0 91 60 111
Survo nadi 0 84 0.52 0 21 0.91 54 III
Deidi (p.s) 0 01 0 01 0 01 0 32 2 V
Galoiiya nadi 0 64 0 28 0.90 0 83 60 HI

Jetpur (p s) 001 0.01 - - 1 V
Jetpur 0 80 001 0 08 0.82 15 IV
Panchpipla (p.s) 001 0 05 0.38 0.91 11 IV
S of Kerali 0 49 0.43 0.22 0.90 45 III
Lunagiri (p s) 1 00 0 01 - - 1 V
Phopal nadi 1.00 0 66 0.27 0.91 63 HI
Vegdi 1 00 0 42 0 24 0.90 55 HI
Bhuki 1.00 0 40 0 32 0.91 58 HI
Dhoraj i 1 00 0 40 0 27 0.90 56 III
S. of Dumiyam 1.00 0 43 0 20 0 90 53 HI
Moj nadi 1 00 0 54 0 18 0.90 54 111
Upleta 1.00 • 0 44 0 12 0.88 46 ill
S of Isra 1 00 0 (11 0 16 0 88 19 IV
W ofWarasara 1 00 0 46 0.16 0.89 51 HI

S of Chauta 1.00 0 50 0.24 0.90 57 HI

113

-r'-VC'X



Table 6.15 : WQ1 for irrigation (Sub-surface water), Uliadar valley

■ Pre-monsoon

Stations RSC EC %Na SAR WQI Class

Khirasara 1 00 0 62 0 53 0.94 74 II

Jetpur 0.99 0.90 0.43 0.96 78 11

Pedhla 1.00 0.12 0.32 0.90 43 HI

1 km befoie Panchpipla 1.00 0 48 0 37 0.90 63 111

Panchpipla 1.00 0.42 0 56 0.91 68 11

Lunagiri 1.00 0.20 0.59 0.88 57 III

Vegdi 1.00 0.06 0 75 0.94 45 111
Bhuk’i 1.00 001 0 59 0.90 27 IV

E ofBhuki 1.00 0.36 0.68 0 92 69 II
Dhoiaji 1 00 0 44 0 40 0 92 63 III
S. of Dumiyam 1.00 0 33 0 49 0.75 59 III
Upleta(river bed) 0.84 0.47 0 75 0.83 70 11
Up Icla 0.01 0.01 0 17 0 41 05 V
S. of Isia 0.24 0.26 0.58 0 54 37 HI
Ganod 0.01 0.01 0.01 0 34 02 V
W. of Waiasara 1.00 0.01 0 33 0 83 23 IV

Post-monsoon
Stations RSC EC %Na SAR WQI Class
Kotda Sanghani 1.00 0 01 0 59 0.94 27 IV
Khuasara 1.00 0.31 0.60 0 95 65 11
Survo uadi (bank) 1 00 0.16 0 16 0.86 38 III

Panchpipla 1.00 0 37 0 43 0.91 62 HI
Lunagiu 1.00 001 0 27 0 83 22 IV
Vegdi I 00 0 01 0 70 0 95 28 IV
Jam Kandoina 1.00 0 16 0 54 0 94 53 111
Bhuki 1 00 0 15 0 27 0 94 44 HI
Uplela 0 01 0 01 0 01 0 01 1 V

Ganod 1.00 0 01 001 0.53 8 V

W of Waiasara 0.02 0 47 0 01 0 86 17 IV
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Tabic 6.16 : WQl for irrigatioii (surface & sub-surface water), Coastal area

Pre-monsoon
Stations RSC EC %Na SAR WQl Class

Katwana * 1.00 001 0.43 0.63 23 IV

Paswali * 0.74 0.01 0.34 0.65 20 IV

Segras 1.00 001 0.40 0.53 21 IV

Bobdi nadi 1 00 0.01 0.24 0.20 15 IV

Garej 1.00 0.26 0.34 0 90 53 III
Garej pond 1.00 0.37 0.19 . 0.83 49 Hi
Navibandar 1.00 0.01 0 14 0.28 14 IV

JND 11 ■ * 1.00 001 0.56 0.53 23 IV

Gosa * 1.00 0.01 0.32 0.48 20 IV
Limbadi * 1.00 0.01 0 24 0.24 15 IV

Mokal * 1.00 0.01 0 56 0.34 21 IV
Mahira * 1.00 • 0.01 0 63 0.41 22 IV
Nedhna * 0.46 0.60 0 75 0.90 66 II
Pharer * 1 00 0.01 0.24 0.48 18 IV
Bantwa 0.01 0.02 0.01 0.20 02 V

Post-monsoon
Stations RSC EC %Na SAR WQl Class
Katwana * 1.00 0.01 0.17 0.71 19 IV
Paswali 1.00 0 43 0 24 0.90 55 HI
Paswali * 0 64 0 01 0.03 0.78 1 1 IV
Segias I 00 0 47 0 14 0 88 49 III
Bobdi nadi - 0.01 - - 01 V
Garej 1.00 0.02 0.10 0.84 20 IV
Garej pond 0.76 0.53 0 01 0 82 24 IV
Navibandar 1 00 ■ 0 43 0 07 0 86 40 III
JND 11 * 1 00 0.01 0.10 0.55 15 IV
Gosa * 1.00 0.01 001 0 60 09 V
Limbadi * 1.00 0 01 0 01 0.46 08 V
Mokal * 1.00 0 01 0 01 0 46 08 V
Jambu * 1 00 0.30 ' 0 1 0 60 37 HI
Malm a * 1.00 0 01 0 01 0.53 08 V
Nedhna * 0.01 0 58 0 16 0 90 17 IV
Pharei * 1 00 0.01 0 02 0 60 10 V

Bantwa * 001 0 0) 0 01 0 40 02 V

Sub-surface water
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SALINITY HAZARD

Fig6.7 : SURFACE WATER QUALITY FOR IRRIGATION
(U.S. Salinity Laboratory)
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EC and SAR values plot of ground water (Fig, 6,8) indicates that the quality of the water is as

follows :

For pre-monsoon,

Khirasara to Upleta river bed - Good

Upleta and Ganod - Unsuitable and

South of Isra and- West of Warasara - Moderate.

However, in the post-monsoon, except three water is good for irrigation in ail other stations. 

The three stations are,

Lunagiri - Moderate

Upleta and Ganod - Unsuitable

Water Quality based on (RSC)
Suitability of water for irrigation aiso depends on the RSC and on its basis, water has been 

classified (Richard, 1954) as under :

Safe <1.25 epm

Marginal 1.2 - 2.50 epm

Unsuitable >2.50 epm

RSC is computed from the formula, RSC = (HC03‘ + C03‘) - (Ca++ + Mg+ +) 

where the concentrations are expressed in epm.

On the basis of RSC, pre-monsoon surface water reflects the following quality:

Karmali nadi to Sultanpur Bridge - safe

and beyond Lunagiri

Derdi to Lunagiri - Unsuitable

Survo nadi - Marginal

However, for the surface water of the post-monsoon the water classes are :

Derdi, Jetpur, panchpipla and

Lunagiri point sources - Unsuitable

South of Kerali - Moderate,

The rest of the locations - Safe.

in the sub-surface wafer of the pre-monsoon, those from Upleta and Ganod are unsuitable, 

whereas Dhoraji, and south of Isra are marginal and the rest are safe. On the other hand, for the post­

monsoon ground water of Upleta is usuitable, while west of Warasara is moderate and the rest all are 

safe.
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SPECIFIC CONDUCTANCE in

SALINITY HAZARD

Fig.6.8; SUB-SURFACE WATER QUALITY FOR IRRIGATION
(U.S. Salinity Laboratory)
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Wilcox plot

Figure 6.9 depicts the EC versus percent sodium plot (Wilcox, 1955) for the pre and post 

monsoon surface water. The results of the plot are as under:

Karmali nadi , Survo nadi, Bhadar at 

Sultanpur bridge, Vegdi, Bhuki and Dhoraji 

Lunagiri (p.s) and from Bhadar south of 

Dumiyani to south of Chauta 

Galoliya nadi, and the Bhadar south of 

Kerali

Bhadar at Jefpur, Derdi, Jetpur and 

Panchpipla point sources

- Good to permissible

- Permissible to doubtful

- Doubtful to unsuitable

- Unsuitable

Post-monsoon results are:

Derdi (p.s) and Bhadar at Jetpur 

Jetpur (p.s) Lunagiri(p.s) 

and Bhadar south of Isra 

The rest

- Doubtful to unsuitable
- Unsuitable

- Good to permissible

The mean EC and percent sodium values of the sub-surface water for the pre and post mon­

soon seasons are plotted in figure 6.9. The conclusions arrived at for the pre-monsoonal water at 

different places are as follows:

Upleta and Ganod - Unsuitable

Bhuki and west of Warasara - Doubtful to unsuitable

The rest - Good to permissible

For the post-monsoon water samples the results are:

Vegdi and Ganod - Unsuitable

Kotda Sanghani, Lunagiri - Doubtful to unsuitable

and Upleta

West of Warasara ■ - Permissible to doubtful

The rest - Good to permissible

Coastal Region 

U.S. Salinity diagram

For the surface and sub-surface water, EC and SAR values for the pre and post monsoon 

seasons are plotted in U.S. Salinity diagram (Fig. 6.10 ). According to the diagram, the pre-monsoon 

surface water from Garej and Garej pond are good, while the rest are unsuitable for irrigation. Whereas 

for sub-surface water for the same season, except Nedhna (good), Katwana and Paswali (moderate) 

the rest all are unsuitable. Likewise in the post-monsoon, all the surface samples are good for irriga­

tion, whereas, for the sub-surface water except Nedhna (good), Katwana, Paswali and Jambu (mod­

erate) the remaining all are unsuitable.
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WATER QUALITY

I EXCELLENT to GOOD
II GOOD TO PERMISSIBLE
III PERMISSIBLE TO DOUBTFUL
IV DOUBTFUL TO UNSUITABLE

V UNSUITABLE

o Pre-monsoon surface samples 
a Post-monsoon
x Pre-monsoon sub-surface samples 
• Post-monsoon •>

1000

Electric Conductivity ( E. C.)

40002000 3000 5000 6000

Fig.6.9: SURFACE AND SUB-SURFACE WATER QUALITY (upto Kutiyana) 
FOR IRRIGATION. (After Wilcox,1955)
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Fig.6.10: U.5. SALINITY DIAGRAM DEPICTING SURFACE AND SUB-SURFACE 
WATER QUALITY OF COASTAL AREAS, (beyond Kutiyana) ,
BHADAR RIVER BASIN
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RSC

RSC values suggest that excepting Nedhna ground water (marginal) and Bantwa sub-sur­

face water (unsuitable), the remaining surface and sub-surface water are safe for irrigation in the 

pre-monsoon. However, in the post-monsoon the above mentioned Nedhna and Bantwa sub-surface 

water are of unsuitable class, while the rest surface and ground water samples are safe.

Wilcox Plot

Figure 6.11 depicts the mean EC versus mean percent sodium ptot for the surface and sub­

surface water of the coastal region in pre and post monsoon seasons. The plots depicts that, except 

surface water of Garej and Garej pond, ground water of Nedhna (good to permissible) and sub­

surface water of Bantwa (doubtful to unsuitable), rest all surface and sub-surface water are un­

suitable for irrigation in the pre-monsoon season.

For the post-monsoon the wafer samples the deduction is as follows:

Jambu and Nedhna (G.W) and - Good to permissible

Paswali, Segras and Navibandar (S.W)

Garej and Garej pond (S.W) - Permissible to doubtful

Paswali and Bantwa (G.W) - Doubtful to unsuitable

The rest G.W. and S.W. samples - Unsuitable for irrigation.

Further, to understand the mechanism controlling the water chemistry in the coastal area, the 
ratio of Na+K/Na+K+Ca and that of CI/Ci+HC63 versus TDS were plotted in the Subramanian’s (1994) 

plot (Fig. 6.12) for the surface and sub-surface water of pre and post monsoon seasons. The plots 

reveal that irrespective of the seasons, the surface and sub-surface water belong to rock dominance 

and evaporation dominance categories depicting the lithology and evaporation as the only two 

factors, controlling the chemistry of water in the coastal area. t

■ IMPACT ON HEALTH

The analytical data reflect high concentration of various parameters. WQI reveals the water 

to be poor and unacceptable for potability from all the locations except a few. Villagers, therefore, 

residing on the bank of the river have no alternative but to use these water. Consumption of such 

water, on a long run has led to various ailments.

In this regard, a preliminary survey was carried out in the year 1996 in the villages of Jetpur, 

Dhoraji and Uplefa talukas. It revealed that the people in direct contact with the surface water of 

Bhadar have rashes on their skin causing irritation and uneasiness. The intake of these water have 

created a number of health hazards like throat pain, burning in the epigastric region, head-ache, 

body-ache, giddiness and chronic neurological problems. Such conclusions have also been arrived 

at by Prasad et al. (1986) for Varanasi and Prakash et al. (1992) for Guwahati regions. More severe is 

the problem in the village isra, where many people have the cases of appendicitis. In addition to this,
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WATER QUALITY

I Excellent to Good

II Good to permissible
HI Permissible to doubttul
IV poubtful to unsuitable

V Unsuitable

o Pre-monsoon surface samples 

a Post-monsoon
x Pre-monsoon sub-surface samples

Post-monsoon

Elec trie 

1000

Conductivity { E. C. )

2000 3000 4000 5000 6000

Fig.6.11: SURFACE AND SUB-SURFACE WATER QUALITY (beyond Kutiyana, 
Coastal areas) FOR IRRIGATION. (After Wilcox ,1955)
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doctors of this region have reported number of cases of kidney problem and cancer. It is also 

confirmed that the throat cancer is very common in the village Dhoraji. The prevalance of the afore­

said diseases in the valley could be on account of dye industrial effluents contamination and many 

other unknown reasons. Hence, a detailed socio-medicine and clinical study is warranted, to under­

stand the real inter-relationship of water quality and diseases.

MITIGATION

The impact of the effluent waste disposal system in the dyeing and printing units at Jetpur 

has deteriorated the surface (Fig. 6.13} and sub-surface wafer quality in the Bhadar valley. On 

account of this, a division bench of Gujarat High Court in its order (1 st August, 1995), directed the 

closure of all units till no further treatment facilities are made available by August 21, 1995. Upon this, 

there was a sudden low profile in the activities of these units. But, still today (April, 1997) more than 

1500 units are effectively functioning.

It is desireable to have a sustainable development rather than complete closure of industrial 

units which collectively have an annual turnover of Rs. 150 crore and are employing more than

40,000 people. In the light of the existing scenario in the Bhadar valley, therefore, some mitigatory
' %

measures are proposed to reduce the menace caused by the now infamous Jetpur dyeing and 

printing units.

* The existing effluent treatment plant (ETP) should be again made functional.

* More ETP’s should be errected and all waste water from the units should be channelized 

preferably by closed canals upto the ETP’s.

* Monitoting of the canals should be made mandatory.

* Washing units should be earmarked within certain prescribed area and their waste should 

also be send to the ETP's.

* It is.adviseable that after the treatment the water may be recycled.

The above mentioned recomendations are mainly related to the waste water disposal plan. 

The already contaminated aquifers have to be rectified. For this, discharge followed by recharge of 

the aquifers are essential, which may be conducted during the pre-monsoon and monsoon times 

through recharge wells. This flushing method, if repeated, may reduce the effect of the contaminants 

within the aquifers. The water required for this flusing may be drawn from the Bhadar dam. However, 

the feasibility of the flushing methods have to be examined in details by considering other require­

ments of water.

As far as saline water intrusion is concerned it is indeed very difficult to rectify the problem. 

However, Babushkin (1963) suggested a method of exploitation by coupled wells for prevention of 

sucking of saline water. Santing (1963) proposed a method by which lateral migration of the inter­

face towards the fresh-water well can be prevented by duplicated symmetrical pumping well system 

i.e if a well turn saline due to upcomming of the interface, a second pump is installed to tap the
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Vertical axes - Concentration In mg.Mitre ............. - - Pre-monsoon samples
Horizontal axes - Sampling stations ----------------- Post-’-monsoon samples
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bottom section of the well. Thus, while the upper pump draws wafer from the upper fresh-water zone, 

the lower one pumps the up-conned saline water. Todd (1959) suggested measures to control sea­

water intrusion which are as follows:

* Reducing the pumpage, cyclic pumping and re-arrangement of the pumping pattern or 

redistribution of extraction points in order to restore a seaward hydraulic gradient.

* Artificially recharging the intruded aquifer to maintain proper water levels and hydraulic 

gradients by eliminating over draft conditions.

* Developing a pumping trough in the region adjoining the coast in order to limit intrusion.

* Creating a fresh water ridge by injection of wells or other artificial recharge methods.

* Constructing artificial sub-surface barriers like dykes or injecting materals such as cement, 

grout or bentonite mud through boreholes.

However, in the light of the existing socio-economic scenario, the coastal zone problem of 

salinity in Bhadar basin may be reduced by taking appropriate measures which are:

* excess of ground water draft

* Erection of tidal regulatory gates in all the inlets and

* Practice of rain harvesting methods.
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