CHAPTER VI

WATER QUALITY

" i is my opinton that the Earth Is very noble and admirable ond If It had

conlinuedan immense globe of crystal, where In nothing had ever changed |

should have esteemed it g wreiched lump of no benifit o the Universe "
Galileo (1564-1642

One of the main objectives of this thesis is {o 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 (WQll} for various purpose by applying Bhargava's
(1985) technique were employed. Also an attempt was made fo know the mechanism of salindy in
the coastal tract by using Subramanian’s (1994) fechnique. Finally mitigatory methods have been
proposed.

WATER FACIES

Geochemical analytical data indicated that the dominant ions such as Ca**, Mg**, Na*,
HCO, -, CO, - 8O, -, Cl - in the water, varied in concentiation from sample to sample To synthesize
and interprete these data, a tiilinear diagram, onginally 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, plolted separately, are the percent equivalent per million (epm) values of
the cations, Ca* * and Mg* * (alkaline earths) and Na' (alkali) and anions, HCO,~ (weak acid) and
SO, and CI" (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
trifinear diagram (Fig. 6.1, 6.2 and 6.3). These plots depict the quality of the water of the valiey.

BHADAR VALLEY

SURFACE WATER FACIES
Figure 6.1 shows the pre and post monsoons surface water tilinear plots. it reflects various
water facies viz.
Ca dominant - Derdi (p.s) and Bhadar at Jetpur 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 deminant cations - Rest of the pre and post monsoon seasons' sample,
CO,+ HCO, domiﬁant -In pre—'monsoon from Karmali nadi, Sultanpur bridge, Survo nadi, Derd
{p.s) and Lunagir {p.s) In post-monsoon water from Gondli nadi to
Derdi (p.s), Jelpur (p.s) fo Phophal nadi and Bhadar west of Warasara.,
Cl dominant - Bhadar at Vegdi, Dhorgji, Upleta and south of lsra 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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s Pre-monsoon samples
x Post~monsoon samples

Fig.6.1: PIPER TRILINEAR DIAGRAM SHOWING CHEMICAL
CHARACTERISTICS OF SURFACE WATER, BHADAR RIVER BASIN
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Extrapolation of these cations and anions in the diamond plot, shows the mean pre-monscon

surface water {o be of two types viz.

CaMg - CO,, HCO, - Water from Karmali nadi, Survo nadi, Bhadar at Sultanpur
bridge, Derdi and Lunagiri {p.s).
Ca, Mg - Cl, 8O, - Rest of the sampiles.

Whereas for post-monsoon wdter samples are of four types
Ng,K - CO3, HCO3 - Derdi (p.s), Jetpur (p.s) to Lunagir (p.s), Moj nadi
and Bhadar west of Warasara.

Ca, Mg - $O,+Cl - Bhadar at Atkot and from Vegdi o south of Dumiyani.

Ca,Mg - CO,, HCO, - Gondli nadi, Survo nadi, Phophal nadi and Bhadar at Sultanpur
‘ bridge.

Na, K- 50,, Cl - Galoliyar nadi, Bhadar at Upleta and South of Ista.

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 belween Khirasara
and Dhorajt in pre-monsoon and rest of the samples except that from Vegdi which is caicium 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 CO3 + HCO3
{Khirasara, Jetpur, Lunagir, Vegdi and Dhorgji 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 plofs exhibii the following classes for pre and post monsoon seasons :

Ca, Mg - Ci, 50, - Pedhla, Panchpipla, Bhuki and east of Bhuki (in pre-monsoon); and
all stations excepting Khirasara, Panchpipla, west of Warasarg, Survo
nadi bank, Upleta and Ganod {in post monsoon)

Ca, Mg - CO,, HCO, - Khirasara, Jetpur, Lunagin, Vegdi and Dhorgji  (pre-monsoon);
Khirasarg, and Panchpipla  (post -monsoon).

Na, K- 50,, Cl - South of Dumiyani fo west of Warasara {pte--monsoon] and
‘ Survo nadi bank, Upleta and Ganod (post-monsoon).
Na, K - CO,, HCO, - Only one sample (west of Warasara) in post-monsoon.

COASTAL AREA WATER FACIES
Piper trlinear diagram (Fig. 6.3} conspicuously reflects the Na+K (atkali) dominance in both

98



x Pre~monsoon suampies
*Post-monsoon samples

Fig.6.2: PIPER TRILINEAR DIAGRAM SHOWING CHEMICAL
CHARACTERISTICS OF SUB-SURFACE WATER

99




. o Pre-monsoon surface samples

APost-monsoon
X Pre~ monsoon sub~surface samples

i [

*Post-monsoon ¢

Fig.6.3: PIPER TRILINEAR 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 falf in the Na, K - SO, 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, Bhatgava's (1985) formula was used for computation

- /n
t=1T [fiP)]  x 100

Whete fi(P}) is the sensilive 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 15 a particular water for certain use ?" Further, after plotting the standard curves, the wWaQl have
been classified as under.

WATER CLASSES BASED ON wal

Water class Category wal

| Excelient 290
il Good 65-89
1 Satisfactory 35-64
v Poor . 11-34
V. Unacceptable <10

The sensitive function versus conceniration for various parameters for different purpose are
given in figures 6.4, 6.5, and 6.6. While selecling the determinands, in addition to Smith's {1990)
suggestion, some more determinands were used o produce the index score and are as given in
Table 6.7. '

DRINKING

Having produced sub-index rafing 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 Wal, the classes
have been determined which have been tabulated in tables 6.8, 6.9 and 6.10.

wWal of both pre and post monsoon surface water reflect that natural sireams such as Gondli

nadi, Survo nadi, Phophal nadi and Moj nadi are salisfactory whereas the rest are either poor or
unacceptable. Where as in the sub-surface water Wal reflects that Pedhia, Panchpila, east of Bhuki,
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TABLE 6.7 : IMPORTANT DETERMINANDS FOR BENEFICIAL USE

Determinands Drinking industrial trrigation
pH *
Total suspended solids *
Total dissolved salt * *
Electric conductivily *
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 WQl is fumnished in table 6.9.
it is amply clear that none of them is fit for drinking except those af Paswali and Garej pond, which,
to an extent, can be fermed satisfactory. This confirms with the present day usage among the masses.

INDUSTRY

The dyeing and printing uniis, flourished in and around Jelpur, 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 W& 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 industnes. 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 fo be used in textiles (scouring, bleaching and dyeing),
are Fe(0.01 mg/l), Mn {0.01 mg/l}, Cu (0.01 mg/l), Hardness {25.0 mg/l), pH (2.5, 10.5}, TOS (100.0 mg/
[}, Colour (5 unitsy and 1SS (5 mg/l}. 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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Table 6.8 : WQI for Drinking (Surface water), Bhadar valley

Pre-monsoon

Stations pH TDS BOD Cd Pb Cu Ci ¥ WQI | Class
Karmali pool 0.46 0.49 001 - - - 0.82 - 2} v
Sultanpur bridge 0.59 050 00l 0.01 0.00 1.00 0.78 0.16 12 v
Survo nadi 0.32 0.46 - - 0.01 - 0.78 - 49 11
Galoliya 0.28 0.0t 0.01 0.0t 0.01 0.95 0.61 0.74 08 A
Jetpur 042 0.01 0.0t 00t 0.01 0.94 047 0.10 06 V
S.of Kerali 047 0.01 001 0.01 0.01 0.99 0.52 0.44 07 \
Vegdi 0.51 0.26 0.01 0.01 0.01 100 0.64 0.68 12 v
Bhuki 0.53 0.42 0.01 0.0! 0.01 1.00 0.76 0.60 i3 v
Dhorajs 0.58 0.22 - 0.01 0.01 1.00 0.67 0.26 16 v
S. of Dhumiyani 0.62 0.26 - 0.01 0.01 1.00 0.67 0.01 10 \Y
Upleta 0.60 0.25 001 0.01 0.01 1.00 0.65 0.23 11 v
S of isra 0.60 0.25 - 0.01 0.01 1.00 060 001 10 \Y%
Warasara - - - - - ~ - - - ?
Chauta 0.63 0.38 - 0.0t 0.01 100 0.70 - 16 v

Post-monsoon

Stations pH TDS BOD Cd Pb Cu Cl F WwWQIl | Class
Atkot 041 0.46 0.01 - - - 06l - 18 v
Gondli 038 0.65 - - - - 0.90 - 61 i
Sultanpur Bridge 0.47 0.55 0.01 001 00t 1.00 0.79 0.01 08 v
Survo nadi 0.51 0.60 - - - - 0.82 - 63 1
Gololiya nadi 0.35 0.38 0.01 001 0.01 100 0.71 0.01 07 v
Jetpu 0.38 0.01 0.01 001 001 100 043 100 08 \Y
S. of Kerali 040 0.50 00t 0.01 0.01 1.00 0.76 0.0t 08 \Y
Phophal nadi 040 0.70 - - - - 084 - 62 I
Vegdi 041 0.50 0.01 0.01 0.01 1.00 0.76 1.00 14 v
Bhuki 0.45 0.49 001 0.0t 0.01 1.00 0.76 1.00 14 v
Dhorayi 041 0.49 - 0.01 001 100 0.74 001 i1 v
Dumiyani 0.42 0.51 - 00! 001 1.00 0.76 1.00 21 v
Moj nadi 0.38 0.61 - - - - 0.82 - 57 I
Uplela 0.45 0.52 0.01 0.01 00t 1.00 0.76 0ol 08 \Y
Isra 041 0.01 - 0.01 001 1.00 0.76 001 06 A%
Warasara 051 0.55 - - - - 0.79 - 60 i
Chauta 0.51 0.57 - 0.01 001 1.00 0 80 001 I v
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Table 6.9 : WQI for drinking (sub-sui-face water), Bhdar valley.

Pre-monson

Stations pH TDS BOD Cd Pb Cu a F WwQI | Class
Khirasara 0.60 0.66 - 0.01 0.01 0.99 0.88 080 22 v
Pedhla 0.42 0.25 - - - - 0.68 - 41 411
Jetpur 0.74 0.74 - 0.01 0.01 1.00 0.90 0.01 12 v
Panchpipla | 0.51 0.50 - 0.01 0.01 1.00 0.81 001 I v
| km before 0.44 0.55 - - - - 0.82 - 58 i
Panchpipla
Lunagiri 0.35 0.30 - 001 0.01 1.00 0.73 100 19 v
Vegdi 0.31 0.19 0.01 0.01 0.01 1.00 0.62 100 12 v
Bhuki . 0.55 0.14 - 00! 00! 1.00 059 046 15 v
£ of Bhuk: 0.55 045 - - - - 078 - 58 11
Dhoraji 0.63 0.50 - 0.0! 0.01 1.00 0.90 096 22 v
S. of Dumiyani 0.68 0.42 - 001 001 1.00 0.70 090 21 v
Upleta(R} 0.71 0.54 001 - - - 079 - 23 v
Upleta 0.35 0.01 - 001 001 1 00 0.15 100 09 \Y
Ganod 044 0.01 - 0.01 0.01 1.00 0.30 0.17 08 \Y
Warasara 0.58 0.02 - - - - 0.46 - 17 v
Isra 0.55 0.38 - 0.01 0.01 1.00 0.68 1.00 20 v

Post-monsoon

Stations pH TDS | BOD Cd Pb Cu Cl F WwQl | Class
Kotda Sangani 0.53 0.01 - - - - 0.39 - 13 v
Khirasara 0.51 038 - 0.01 00! 1.00 0.73 0.01 10 v
Survo nadi bank 0.34 029 | - - - - 064 - 40 1
Panchpipla 044 049 - 001 0.01 1.00 0.81 1.00 21 v
Lunagiri 0.50 0.01 0.01 00! 0.01 1.00 0.30 100 08 \'
Vegdi 0.46 0.01 - 0.01 0.01 0.99 0.01 1.00 06 \Y
Jam Kandorma 0.51 0.29 0.01 - - - 0.72 - 8 Y
Bhuki 0.40 028 - 0.01 .1 0.01 1.00 0.65 1.00 18 v
Upleta 0.32 0.16 - 0.01 001 0.99 0.17 1.00 14 v
Ganod 0.44 0.01 - 030 001 1.60 0.01 1.00 10 \
Watasara 0.41 0.56 - - - - 0.83 - 57 11
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Table 6.10 : WQI for drinking (Surface & sub-surface water), coastal area.

Pre-monsoon

Stations pH TDS BOD Cd Pb Cu Cl F wQl | Class
Katwana * | 0.58 0.01 - - - - 0.01 - 04 A
Paswah % 0.43 0.01 00! - - - 0.01 100 05 v
Segras 0.70 0.01 - 0.01 0.01 1.00 0.01 0.01 03 A
Bobdi nadi 084 0.01 - - - - 0.01 - 04 A%
Garej 0.74 0.37 - 0.01 0.01 1 00 0.62 0.04 13 v
Garej Pond 0.23 0.46 - - - - 0.68 - 42 It
Navibandar | 063 0.01 - 001 0.01 1.00 001 0.01 03 \
IND -11 * 075 0.01 - - - - 0.01 - 04 \%
Gosa * 0.73 0.01 - 0.01 1.00 1.00 0.01 1.00 07 A
Limbadi * | 0.71 0.01 - - - - 001 - 04 A
Mokal  * 0.64 0.01 - - - - 001 - 04 Vv
Mahira * 056 001 - 0.01 100 i 00 0.01 1.00 07 v
Nedhna * 0.44 0.66 - 0.01 1.00 1.00 0.86 1.00 22 v
Pharer * 0.58 0.01 0.01 - - - 001 - 03 \Y
Bantwa * 0.22 0.01 - - - - 079 - 12 v

Post-monsoon

Stations pH TDS | BOD Cd rb Cu Cl F WQI | Class
Katwana * 071 0.01 - - - - 0.01 - 04 Vv
Paswali 0.35 0.52 - - - - 0.76 - 52 1
Paswali * 0.44 0.14 00l - - - 0.51 1.00 20 v
Segias 0.49 0.54 - 0.01 001 099 076 0.01 11 v
Bobdi nadi 0.66 001 - 001 001 0.99 001 1.00 07 A
Gatej 042 016 - 0.01 0.01 1.00 038 1.00 16 1\Y
Garej Pond 046 0.58 0.01 - - - 076 - 21 v
Navibandar | 0.53 0.52 - 0.01 0.01 1.00 073 0.01 11 13%
IND-11 * | 0.68 0.01 - - - - 0.01 - 04 \'%
Gosa * 0.66 0.01 - 001 001 [.00 001 1.00 07 \%
Limbadi * 0.74 0.01 - - - - 0.01 - 04 \Y
Mokal * 0.74 001 - - - - 0.01 - 04 \Y
Jambu ¥ 0.80 0.01 - - - - 001 - 04 \%
Mahira * 0.74 0.01 - 00l 00l 1.00 001 1.00 07 \%
Nedhna * 0.64 0.64 - 0.01 00l 100 090 1.00 23 v
Pharer * 0.78 001 - - - - 0.01 - 04 Vv
Bantwa * 0.44 0.06 - - - - 0.73 - 27 v

* 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, B 110) Figure 6.5 depicts the plots of sensitive function versus permitied
upper limit concentration of different variables. The WQI and the water class is furnished in fables
6.11, 6.12 and 6.13. Wall 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
wall for irrigétion. However, considering the imporfance of percent sodium, sodium absorption ratic
{SAR) and residual sodium carbonate (RSC) as suggested by Wilcox (1955) and Richard (1954), the
latter three were dlso taken info acéoum‘ fo obfain the index score. The sensitive funclion 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 water of Bhadar valley in pre-monsoon beiong fo satis-
factory to poor water class for irrigational use. In the post-monsoon by and large all water belong to
satisfactory category excepting those of Gondli 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
seqson is on account of precipitation.

For sub-surface water, except at Upleta and Ganod, the water quality is to good to satistac-
tory for irrigation, irespective of the seasons.

in the coastal block, Wal for irrigation of the surface and sub-surface waler are satisfactory in
Garej, Nedhna, Jambu, sluice gate Navibandar, Segras and Paswaii. The rest are poor or unaccept-
able.

In addition to above Index scoring the author has made an aliempt to evaluate the quality of
water for agricultural purpose separately for Bhadar valley and coastal region, western us sdinity
diagram based on U.S. Salinity diagram , R.S.C. and Wilcox plot.

Bhadar valley
U.S. Saiinity 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 ahd SAR vaiues of pre and post monsoon surface samples of
Bhadar valley. Majority of the pre-monscon water belong to C3-51 type (good water), however, a few
deviates and falls into the field of C4-§1, C4-52, C4-53, C4-55 and C5-51 types. According to this
plot, Gdloliya 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.
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Table 6.11 : WQI for Industrial use (Surface water) , Bhadar valley.

Pre-monsoon

Stations TDS Hardness Cu Mn Cl S0, TSS Fe WQIl | Class
Karmali pool 0.01 0.01 - - 0.01 1.00 100 - 6 v
Sultanpur bridge T o001 0.1 0.01 1.00 | 0.01 1.00 | 0.01 100 6 v
Survo nad: 0.0t 0.01 - - 0.0t 0.80 0.01 - 2 v
Galoliya nadi 0.01 001 0.01 0.80 | 001 0.01 0.01 060 3 \%
Jetpur 0.01 0.01 001 1.00 | 0.01 0.01 0.01 100 3 Vv
S.of Kerali 0.01 001 0.01 | 1.00 | 00T 001 0.10 | 0.50 5 \Y
Vegdi 0.01 0.01 0.01 1.00 | 0.01 0.62 | 0.01 1.00 5 Vv
Bhuki 0.01 0.01 001 1.00 | 0.01 0.58 | 0.01 100 5 \
Dhoraji 0.01 0.01 0.01 100 | 001 060 | 001 0.84 5 v
S of Dhumiyani 0.01 0.01 001 100 0.01 0ol 0.01 1.00 3 v
Upleta 001 0.01 001 1.00 | 0.01 0.33 0.01 1.00 S v
S of Isra 00t 0.01 001 I 00 001 026 0.10 1.00 5 Vv
Chauta 0.01 001 0.01 00 | 001 0.01 0.01 1.00 4 \

Post-monsoon

Stations TDS Hardness Ci S0, TSS Fe Mn Cu WwWQIl | Class
Atkot 0.0.1 0.0.1 0.0.1 1.00 0.99 - - - 06 v
Gondli nadi 0.01 0.01 0.33 100 | 00} - - - 05 v
Sultanput bridge 00! 0.0t 001 100 0.0t 032 1.00 | 0.01 05 \Y
Survo nadi 001 001 0.01 1.00 001 - - - 02 v
Gololiya nadi 0.0! 0.01 0.01 069 0.01 100 | L.OO ¢ 0.01 05 A
letpur 0.01 oor. 001 100 | 0.01 001 100 | 001 03 v
S of Kerali 0.01 0.01 0.01 1.00 001 1.00 | 0.01 00! 03 \Y
Phophal nadi 0.01 0.01 0.24 100 1.00 - - - 12 v
Vegd 0.01 0.0! 0.01 062 0.01 1.00 | 0.20 | 00! 04 \%
Bhuki 0.01 001 00! 0.01 0.20 100 | 0.60 | 0.0} 04 \Y
Dhoraji 0.0] 0.01 001 060 0.01 1.00 | 060 | 0.0! 05 Vv
Dumiyani 0.01 0.0! 0.01 0.90 0.01 1.00 | 100 | 001 05 Vv
Moj nadi 0.01 001 001 1.00 1.00 - - - 06 \Y
Upleta 00t 001 001 069 028 1.00 | 1.00 | 0.01 08 Vv
Ista 0.01 00t 00l 092 0.18 100 | 100 | 001 08 \Y
Warasara 001 0.01 0.01 1.00 0.01 - - - 02 Vv
Chauta 001 001 001 100 0.12 1.00 | 040 | 0.01 07 \Y
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Table 6.12 : WQI for Industrial use (Sub-surface water), Bhadar valley.

Pre-monsoon

Stations TDS | Hardness Ci S0, TSS Fe Mn Cu WQI | Class
Khirasara 00l 001 0.33 0.62 001 0.81 1.00 0.01 8 \%
Jetpur 0.01 0.01 037 1.00 0.01 1.00 1.00 0.01 9 v
Pedhla 0.01 0.01 0.01 0.10 1.00 - - - 4 \
1 km before 0.01 0.01 0.02 044 1.00 - - - 6 A
Panchpipla
Panchpipla 0.01 0.01 0.01 033 001 1.00 100 001 5 \
Lunagwi 0.01 0.01 00! 0.12 096 1.00 1.00 0.01 8 A
Vegdi 0.01 0.01 0.01 052 0.01 0.61 1.00 001 5 v
Bhuki 0.0! 0.01 001 0.71 001 1.00 1.00 001 5 \%
E. of Bhuki 0.01 0.01 - 001 0.08 100 - - - 4 \'%
Dhoraji - 0.01 0.01 0.44 0.81 0.01 069 100 0.01 8 \Y
S. of Dumiyani 0.01 0.01 001 0.10 001 0.68 1.00 0.01 4 Vv
Upleta(R) bed 0.01 0.0! 001 0.01 001 - - - 1 \%
Upleta 001 0.04 001 0.01 0.01 06! 1.00 001 3 \
Isra 0.01 0.01 0.01 005 020 0.48 1.00 0.01 5 \%
Ganod 0.01 0.0t 0.01 001 001 0.97 1.00 001 3 Vv
W. of Warasara 0.01 0.01 001 016 00l - - - 2 \Y

Post-monsoon

Stations TDS | Harduess Ci SO, TSS Fe Mn Cu WwWQl | Class
Kotda Sanghani 0.01 0.01 0.01 100 | 001 - - - 2 \
Khirasara 0.01 00! 0.01 100 | 0.01 1.00 1.00 0.01 6 \'
Survo nadi bank 0.01 0.01 001 100 0.01 - - - 2 Vv
Panchpipla 6.01 0.01 001 048 0.01 001} 60l 0.0t 2 Vv
Lunagiri 0.01 0.01 0.01 033 0.01 1.00 0.01 0.01 3 v
Vegdi 0.01 0.01 0.01 1.00 0.01 1.00 070 0.01 5 A%
Jam Kardoma 001 0.01 001 100 0.0} - - - 2 Vv
Bhuki 0.01 0.01 001 073 0.01 1.00 0.40 001 5 Vv
Upleta 0.01 0.01 00} 001 0.01 1.00 1.00 0.01 3 v
Ganod 0.0} 0.01 001 001 0.01 1.00 1.00 001 3 v
W of Warasara 0.01 001 00s 100 0.01 - - - 3 Vv
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Table 6.13 : WQI for Industrial use (Surface & sub-surface water), coastal area.

Pre-monsoon

Stations TDS | Hardness Cl S04 TSS Fe Mn Cu WQI | Class
Katwana * 0.0.1 0.0.1 0.0.1 0.01 0.01 - - - H A%
Paswali * 0.0t 0.0! 090! 0.01 0.01 063 1.00 0.01 03 \Y
Segras 001 0.01 0.01 0.01 0.01 0.52 1.00 0.01 03 V
Bobdi nadi 0.0t 0.01 0.01 0.01 0.01 - - - 01 \Y
Garej 0.01 0.01 - 001 1.00 0.01 0.79 1.00 00t 05 A2
Garej Pond 0.0l 0.0t 00l 0.82 0.01 - - - 02 \%
Navibandar 0.01 0.01 0.01 0.01 001 0.67 1.00 0.0t 03 \Y
IND - 11 * 0.01 0.01 0.01 0.0t 0.01 - - - 0t \Y
Gosa * 0.01 0.01 0.01 0.01 001 090 1.00 001 03 \Y
Limbad ok 0.01 0.01 001 001 001 - - - 01 v
Mokhal 1001 0.01 0.01 001 | 001 - - - 0l v
Mabhira * 0.01 0.01 0.01 001 00! 0.80 1.00 0.01 03 A%
Nedhna * 0.01 00! 0.20 1.00 076 0.52 1.00 00l 13 Vv
Pharer * 001 001 001 0.01 00l - - - 01 v
Bantwa X 0.01 001 0 0t 0.01 0.44 - - - 02 \Y

Post-monsoon

Stations TDS | Hardness Cl S04 TSS Fe Mn Cu wQl | Class
Katwana * 0.01 0.01 0.01 0.01 0.0t - - - 1 \Y
Paswali 001 0.01 . 0.01 044 0.01 - - - 2 v
Paswali * 0ol 0.01 0.01 022 001 1.00 1.00 0.01 5 Vv
Segras 001 0.01 0.01 1.00 0.01 1.00 1.00 001 6 \Y
Bobdi nadi 0.01 0.0t 0.01 0.01 0.01 1.00 0.50 0.01 3 \Y
Garej 0.01 0.0t 001 1.00 0.01 100 1.00 00t 6 \Y
Garey Pond 001 0.01 001 094 001 - - - 2 v
Navibandat 001 0.01 001 0.92 (101 I 00 1 00 01 6 v
IND - 11} ¥ 001 0.01 0.01 0.01 0.01 - - - ] v
Gosa ¥ 001 0.01 00t 001 0.01 1.00 1.00 001 3 \%
Limbadi * 001 0.01 00l 0.01 0.01 - - - | \Y
Mokal ¥ 001 0.01 0.01 001 .01 - - - | \Y
Jambu ¥ 001 0.0t 0.01 0.0t 0.01 - - - 1 Vv
Mahira ¢ 001 0.01 001 0.01 0.01 1.00 0.10 0.01 2 \Y
Nedhna * 001 0.01 0.37 1.00 001 100 1.00 00t 9 A
Pharer + 0.01 0.01 0.01 00t 00t - - - ! \Y
Bantwa * 0.01 001 00t 00t 001 - - - | Vv

*  Sub-surface water
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Table 6.14 : WQI for Irrigation (Surface water), Bhadar valley.

Pre-monsoon

Stations RSC EC %Na SAR WwWQI Class
Karmali nadi 0.84 040 027 091 54 It
Sultanpur bridge 0.70 042 0206 090 51 11
Survo nadi 0.46 036 0.34 0.91 47 I
Derdi (p.s) 0.01 0.01 - - 0l v
Galoliya nadi 0.01 0.01 0.01 0.78 09 A
Jetpur (p.s}) 0.01 0.01 0.61 0.0t 01 v
Jetpur 0.01 0.01 001 0.58 03 A
Panchpipla (p s) - 0.01 - - 01 v
S of Kerals 0.01 0.01 034 0.70 07 \Y
Lunagir (p s) 0.01 0.01 0.01 0.86 03 \%
Vegdi 1.00 0.12 040 0.87 45 H1
Bhuki 1.00 0.32 041 0.90 59 11
Dhoraji 1.00 0.08 018 0.87 33 v
Dumiyam 1.00 0.13 0.14 086 35 i
Upleta 100 012 0.12 0.86 33 v

Isra 1.00 012 0.10 0.86 32 \Y
Chauta 100 026 002 0.83 26 Iv
Post-monsoon

Stations RSC EC %Na SAR WQI Class
Atkot 1.00 037 030 0.90 56 I
Gondali nadi 1 00 059 043 093 70 i
Sultanpur bridge 100 0.48 030 091 60 i
Survo nadt 0384 0.52 021 0.91 54 11
Derds (p.s) 001 001 001 032 2 v
Galoliya nadi 064 028 0.90 083 60 Hi
Jetpur (p s) 00t 0.01 - - | Vv
Jetpur 0 80 001 008 0.82 15 3%
Panchpipla (p.s) 001 005 0.38 0.91 It v
S of Kerals 049 043 0.22 0.90 45 i
Lunagiri (p ) 100 00! - - I vV
Phopal nadi 1.00 o6 0.27 0.91 63 i
Vegd 100 042 024 0.90 55 i
Bhuki 1.00 040 032 0.91 58 HI
Dhorayi 100 040 027 0.90 56 m
S. of Dumiyam 1.00 043 020 090 53 1
Moy nadi 100 054 018 0.90 54 I
Upleta 1.00 () 44 012 0.88 46 m
S ol lsra 1 00 001 016 088 19 v
W of Warasara 1 00 046 0.16 0.89 51 Hi
S of Chauta 1.00 050 0.24 0.90 57 Hl
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Table 6.15 : WQI for irrigation (Sub-surface water), Bhadar valley

Pre-monsoon

Stations RSC EC %Na SAR wQl Class
Khirasara 100 062 053 0.94 74 11
letpur 0.99 0.90 0.43 0.96 78 1
Pedhla 1.00 0.12 0.32 0.90 43 HI
1 km before Panchpipla 1.00 048 037 0.90 63 i
Panchpipla 1.00 0.42 056 0.91 68 {1
Lunagiri 1.00 0.20 0.59 0.88 57 311
Vegdi 1.00 0.06 075 0.94 45 i1
Bhuki 1.00 001 059 0.90 27 v
£ of Bhuki 1.00 0.36 0.68 092 69 {]
Dhorays 100 044 040 092 63 !
S. of Dumiyani 1.00 033 049 0.75 59 |
Upleta(river bed) 0.84 0.47 075 0.83 70 I
Upleta 0.0t 0.01 017 041 05 Vv
S. of lsra 0.24 0.26 0.58 054 37 !
Ganod 0.01 0.01 0.01 034 02 v
W. of Watasara 1.00 0.01 033 083 23 v
Post-monsoon
Stations RSC EC % Na SAR wWQl Class
Kotda Sanghani 1.00 001 059 .94 27 v
Khnasara 1.00 0.51 0.60 095 65 i1
Survo nadi (bank) 100 0.16 016 0.86 38 I
Panchpipla £.00 037 043 0.91 62 1
Lunagut 1.00 001 027 083 22 v
Vegd 100 001 470 095 28 v
Jam Kandoina 1.00 016 054 094 53 i
Bhuki 100 015 027 094 44 1
Upleta oo 001 001 00l 1 A%
Ganod 1.00 00t 004 0.53 8 Vv
W of Waiasara 0.02 047 001 086 17 v
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Table 6.16 : WQI for irrigation (surlace & sub-surface water), Coastal area

Pre-monsoon

Stations RSC EC YoNa SAR wQl Class
Katwana * 1.00 001 0.43 0.63 23 - v
Paswah * 0.74 0.01 0.34 0.65 20 v
Segras 1.00 001 040 0.53 21 v
-| Bobdi nadi 1 00 0.0! 0.24 0.20 15 1Y
Garej 1.00 0.26 0.34 090 53 i
Garej pond ’ 1.00 0.37 0.19 . 083 49 i
Navibandar 1.00 0.01 014 0.28 i4 v
IND 1T * 1.00 001 0.56 0.53 23 v
Gosa * 1.00 0.01 0.32 0.48 20 v
Limbadi 3 100 0.01 024 024 s v
Mokal * 1.00 0.01 056 0.34 21 v
Mahira ‘ * 100 | 0.0t 063 0.41 22 v
Nedhna * 0.46 0.60 075 0.90 66 H
Pharer * 1 00 0.01 0.24 0.48 18 1AY
Bantwa * 0.01 0.02 0.01 0.20 02 v
Post-monsoon
Stations RSC EC YaNa SAR WOl Class
Katwana * 1.00 0.01 0.17 0.71 19 v
Paswahi ‘ 1.00 043 024 0.90 55 I
Paswah * 0 64 0ot 0.03 0.78 Il v
Segias 100 047 014 088 49 11
Bobdi nadi - 0.01 - - 0! \Y
Gare) 1.00 0.02 0.10 0.84 20 v
Garej pond 0.76 0.53 00i 082 24 v
Navibandar 100 | 043 007 0 86 40 IH
IND 11 * 100 0.01 0.10 0.35 15 v
Gosa * 1.00 0.01 001 060 09 \%
Limbadi * 1.00 001 001 0.46 08 v
Mokal * 1.00 001 001 046 08 \%
Jambu * 100 0.30 0 060 37 HI
Mahua * 1.00 o 001 0.53 08 \Y
Nedhna * 0.0} 058 016 090 17 v
Pharer * 100 0.01 002 060 10 Vv
Bantwa * 001 001 00t 040 02 Vv

* Sub-surface water
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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 posi-monsoon, except three water is good for irrigation in all other stations.

The tﬁree stations are,

Lunagiri - Moderate
Upleia and Ganod - Unsuitable

Water Qualify based on (RSC)

Suitability of water for lirigation also depends on the RSC and on its basis, waler has been

classified (Richard, 1954) as under :

Safe <1.25 epm
Marginal 1.2 - 2.50 epm
Unsuitable >2.50 epm

R5C is computed from the formula, RSC = (HCO, + CO, ") - (Ca*™* + Mg* *)

where the concentrations are expressed in epm.

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

Karmali nadi fo Sultanpur Bridge - sofe

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 Kerai - Moderate,
The rest of the locations - Safe.

In the sub--surface water of the pre-monsoon, those from Upleta and Ganod are unsuitable,

whereas Dhorgji, and south of isra are marginal and the test 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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Wilcox plot
Figure 6.9 depicts the EC versus percent sodium plot {Wilcox, 1955) for the pre and post
monsoon surface water, The resulls of the plot are as under:

Karmali nadi , Survo nads, Bhadar at - Good to permissible
Sultanpur bridge, Vegdi, Bhuki and Dhordgiji

Lunagiri (p.s) and from Bhadar south of - Permissible to doubtful
Dumiyani to south of  Chauta

Galoliya nadi, and the Bhadar south of - Doubtful to unsuitable
Kerali
Bhadar at Jetpur, Derdi, Jetpur and - Unsuitable

Panchpipla peint sources

Post-monsoon results are:
Derdi (p.s} and Bhadar at Jetpur - Doubtful to unsuitable
Jetpur (p.s) Lunagiri{p.s) - Unsuitable
and Bhadar south of Isra
The rest . - 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 o permmissible

For the post-monsoon water samples the resuits are:

Vegdi and Ganod - Unsuitable

Kotda Sanghani, Lunagir - Doubiful to unsuitable
and Upleta '

West of Warasara ‘ - Permissible to doubiful
The rest - Good o 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), Kalwana and Paswali {moderaie)
the rest all are unsuitable. Likewise in the post-monsoon, all the surface samples are good for iriga-
tion, whereas, for the sub-surface water except Nedhna (good), Kalwana, Paswall and Jambu {mod-

erate) the remaining all are unsuilable,
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RSC

RSC values suggest that excepling Nedhna ground water (marginal) and Bantwa sub-sur-
face water {unsuitable), the remcining 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.

Wiicox Plot

Figure 6.11 depicts the mean EC versus mean percent sodium plot 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 o permissible} and sub-

surface water of Bantwa (doubftful fo unsuitable), rest all surface and sub-surface waler are un-
suitable for irfigation in the pre-monsoon season.

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

Jambu and Nedhna (G.W} and - Good o permissible
Paswali, Segras and Navibandar (5.W)

Garej and Garej pond (S.W) - Permissible to doubiful
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 coasial areq, the
ratio of Na+K/Na-+K+Ca and that of Cl/Cl~1~HC:(')3 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 inespective of the seasons, the surface and sub-surface waier belong to rock dominance
and evaporation dominance categories depicting the lithology and evaporation as the only two
factors, controlling the chemisity of waler in the coastal area. s

- IMPACT ON HEALTH

The analytical data reflect high concentration of various parameters. WQl reveals the water
fo be poor and unacceptable for potability from all the locations except a few. Villagers, therefore,
residing on the bank of the river have no dalternative 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 1995 in the villages of Jetpur,
Dhoraji and Upleta 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 heaith hazards like throat paimn, 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 ef al. {1992) for Guwahatli regions. More severe Is
the problem in the village lsra, where rhony people have the cases of appendicitis. In addition to this,
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doctors of this region have reported number of cases of kidney problem and cancer. i 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, 1o 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 water 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 freatment facilifies 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 {0 have g sustainable deve%dpmem 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 exisling scenario in the Bhadar valley, therefore, some miligatory
measures are proposed to reduce the menace caused by the now‘infcmoug Jetpur dyeing and
printing unifs.

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

* More ETP’s should be etrected and all waste water from the units should be channelized
preferably by closed canals uplto 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 foliowed by recharge of
the aquifers are essential, which may be conducted during the pre-monsoon and monsoon fimes
through recharge welis. 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 infrusion is concermed it is indeed very difficult to rectify the problem.
However, Babushkan (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 welt can be prevented by duplicated symmetrical pumping well system
e it a well tum saline due to upcomming of the interface, a second pump is installed to tap the
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bottom section of the well. Thus, while the upper pump draws water from the upper fresh-water zone,
the lower one pumps the up-conned saline water. Todd (1959) suggested measures to control sea-
water infrusion which are as follows:
* Reducing the pumpage, cyclic pumping and re-arrangement of the pumping pattern or
redistribution of extraction points in order o restore a seaward hydraulic gradient.
* Arﬁﬁcic!ly recharging the intruded aguifer to maintain proper water levels and hydraulic
gradients by eliminating over draft conditions.
* Devejoping 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 bartiers 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 faking appropriate measures which are:

* No excess of ground water draft

* Erection of fidal reguiatory gates in all the inlets and

* Practice of rain harvesting methods.
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