CHAPTER 1l
GEO-ENVIRONMENTS OF THE BHADAR BASIN

* Man should learn to live along with the nature, but not on the nature.”

GENERAL .

.The geo-environment reflects the entire spectrum of human interactions with physical envi-
ronment, it becomes inevitable for the man to exploit all the available natural resources for upgradation
of his existence. Human endeavour, in this direction, has created an imbalance in the natural eco-
system. Environment, thus includes two parts viz.:

i physical conditions such as air, water, gases, landforms, ete. which affect the
growth and development of a region and

ii  social and cultural aspects such as ethics, economics, aesthetic, etc; which  affect
the behaviour of the sociely.

In this thesis, the author, has made an attempt to investigate the geo-environmental condi-
tions of the Bhadar basin. To achieve this, he has assessed the present day environment by following

the procedure suggested by Leopold et al. {1971) (Fig. 3.1).

FIG. 3.1 :FLOW CHART- DEPICTING METHODS FOR GEO-ENVIRONMENTAL INVESTIGATIONS
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LAND
MINERAL RESOURCES

The rocks exposed on the surface of the study area are Trappean basalts and Miliolitic lime-
stones. These Miliolites occur either as fine grained deposits viz. chalk or medium o coarse gained
limestones.

The chalk deposits occur as small pockets within the limestones and cover a tolal area of
‘14.25 sg.km. The tofal reserve is 42.21 million tonnes (source D.G.M. report, 1987). The mines are
open cast, The limestones are used in the chermical indusiry, cement factories and also as construc-
tion blocks - locally known as ‘Bela stones’; whereas, trappean basaits are used as building materials
and road mefals. Extensive quarries are situated in Parsanaio, Dhank and Mervadar. The mining
activities have led to degradation in various fronts viz.
- the reduction of vegetational cover,
- noise pollution on account of blasting and movement of the heavy vehicles and
crushing plants,
- air pollution on account of dust rise in the mining areas and in the vicinity of the
crushing plants and
- enhancement in the removal of various elements from the parent rocks.

SOIL

From the point of view of geo-environment, the soil - the weathered products of the rocks,
plays an important role in controlling the fauna, flora and ground water conditions. it Is most essen-
tial, therefore, to evaluate ifs role within the investigaling area.

Based on the secondary daia, the author's own observations and published works (Soil Sur-
vey Organization, 1979; Soil Drainage and Reclamation Department, 1992; G.A.U., 1994, NBSS & LUP,
1994, and Kalyana Saundaram and Patll, 1995), the soll map of the basin was prepared (Fig. 3.2).

Presently soils are classified on the basis of “Soil taxonomy” as proposed by Solil Survey staff
{1978). On this basis, the Gujarat soils have been classified info 10 sub-order association by NBSS &
LUP Of these ‘Orthents’ and 'Orthids’ are represented within the study area. Further, it has been di-
vided into various sub-groups {Fig.3.2). The descriphon and taxonomy of the sub-groups which occur
within the bcxsip is given in Table 3.1.

LANDFORMS

Detail description of various landforms developed within the limits of the study area have
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been discussed in the preceding chapter. Based on the landforms, slope, ground water conditions,
the land-use map was prepared (Fig. 3.3). Optimum utilization of the landforms vis-a-vis the existing
geo-environmental set-up of the basin has been discussed in detfail in the later part of this chapter.

WATER

One of the most vital factors in controlling the geo-environment is the occurrence of surface
and sub-surface water and their quality. The main aim of the present investigation is on this aspect,
which has been delt with exhaustively in the next three chapters. However, a syneptic over view on
its occurrence is given here,

Within the trappean basalls, the ground water is confined to thelr joints, fractures and weath-
ered zones and iis movement is controlied by the fracture patterns, The static water level fluctuates
drastically during various seasons, On the other hand, in the Miliolite Formation, the movement of
water is controlled by their porosity and it occur within unconfined aquifers.

ATMOSPHERE

QUALITY OF AIR

The parameters responsible for variation of air pollution index, are carbon monoxide, carbon
dioxide, oxides of nifrogen and sulphur, hydrocarbon gases and their combinations. Presence of
these gases and various other suspended particulates are mainly on account of the exhausts
released from vehicular traffic on highways. Gondal, one of the centres of groundnut oil producing
industries, are freely emitting the carbon dioxide, sulphur dioxide and combination of hydrocarbon
gases. Air pollution is restricted to local areas and that too mainly in the Gondal town, within the
basin.

CLIMATE

Owing to the semi-arid c{imcﬁe, the basin expetiences hot and dry summer from March to
May and cold winter season from December to February. The monsoon period is from June o September
and Oclober and November form the posi-monsoon season.

RAINFALL

Records of the amount of precipitation observed at the rain gauge stations, distributed in the
Bhadar basin, for a period of 11 years, are furnished in Table 3.2. Figure 3.4 shows the isohyet map.
it is clear from the map that the amount of rainfall varies from 250 mm to 600 mm; decline in
precipitation towards the north east points to the inefficiency of the south westerly monsoonal winds
to reach the highlands of Saurashira Peninsula. On the whole, the average depth of raintail received
in Bhadar basin, as computed from Isohyetal and Thiessen polygonal methods are 497.97 mm and
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494.32 mm respectively (Fig. 3.4 and 3.5).
TEMPERATURE

The nearest meteorological observatory from the basin is the one at Rajkot; others are at
Keshod and Porbandar. Data collected from these stations (Table 3.3) (Gazetteer, 1965, 1975, and
1982}, indicate that their is a continuous rise in temperaure from March fo May. May Is the holiest
month with the mean daily maximum thermometer reading ranging from 40.5°C in highland to
27.0°C in the coustal region. During the month of May and June, the mercury at times soars fo as
high as 45°C. With the onset of the south-west monsoon by the middle of June, temperature drops,
but adds discomfort due to the increase in humidity.

In the post-monsoon, the days are better but nights are cold. After mid-November, both day
and night temperature drop down. The month of January is the coldest period, with the mean daily
maximum temperature ranging from 28.1°C in the interior of the basin to 27.8°C in the coastal areq.
The minimum mean daily tempercature lowers to 15.4°C and 10.7°C in the inlands and coastal

TABLE :3.3 Temperature and Relative Humidity.

RAJKOT PORBANDAR
Mean
daily Relative Relative
Humidity in % Mean Daily Humidity in %
MONTH .
'M:\ximum Minimuam 0830 1730 Maxim | Minim 0830 1730
Tempera- | Tempera- | hours hours um um hours hours
turc in “C | ture in °C Tetn. in | Ten. in
°C °C
January 28.1 10.7 51 22 28.5 15.3 67 48
February 30.7 13.1 57 19 30.1 16.8 70 55
March 353 17.2 63 17 31.5 20.5 74 62
April 38.8 21.3 66 18 32.3 233 79 67
May 40.5 24.7 72 27 323 26.5 81 75
June 37.8 26.2 76 48 32.1 28.0 84 79
July 32.6 24.9 85 68 30.1 26.5 88 85
August 31.6 24.0 86 65 293 25.6 92 87
September 32.9 229 85 57 29.8 25.1 89 80
October 35.4 20.9 70 31 32.5 23.2 80 o4
November 33.2 16.5° 50 24 33.0 20.0 63 54
December 29.6 12.3 49 25 30.4 16.8 62 49
Annual 33.9 19.6 67 35 31.0 22.3 77 67

Soutce  Gazetteer Rajkot and Junagadh.

39



regions respectively.
HUMIDITY

Relative humidity during monsoon season is 60% and 80% in the inland and coastal fegions
respectively. During the rest of the year, the air in the interior parts are quite often dry with humidity
ranging from 20% to 40% in the afteroon. The temperature and relative humidities for the Rajkot and
Porbandar observvatory stations are furnished in table 3.3.

WINDS

Winds are generally moderate but in summer and south-west monsoon season. In October
winds are from directions between west and north-east. In Novemember and December winds are
mainly from directions between north and east. In January and February winds are again from direc-
tions between west and north-east. In the summer season the winds are predominantly from direc-
tions between south-west and north-west.

PROCESSES

It is beyond doubt that during Quatemary time, the interplay of dynamic processes viz; sea-
level changes and neo-tectonism have played a major role in shaping the landscape (Merh, 1992).
Further, a part of the study area lies on the fransitional zone environment, where both marine and
fluvial processes act together, The product of these dynamic processes have left their imprinis in
different landforms, which have already been dealt with.

BIOLOGICAL CONDITIONS

Overall biological conditions existing within the limits of the study areq, have been taken info
consideration while assessing regional environment, However, the detdil study on flora and fauna
have not been investigated because it is not coming under the purview of the present research work.
A list of natural flora and fauna existing within the basin and which have been collected from the
Gazetteers, is provided here.

The natural floral species existing are Acacio senegal (Gorad), Acacia arabica (Bawal),
Tamarindus indica (Ambli), Azadirchia indica (Limbdo), Sizhypus mauritaiana (Bordi), Prosopois juliflora
(Gando Bawal) and few coconut trees especially near Navibandar.

The fauna existing in the area are Hyena (Striata) locally know as “Zarakh”, Wolf (Canispallipes),
Jackal (Cani aures), Fox (Vulpes bengatensis), Badger - local name “Ghotkodia”, Pig (Sus-indicus),
Mongeose (Noila), Bulbul partride - “Titar" (Erancolinus sp.), Sarus crane, Egret (bubulcus ibis cormandus
Boddaerf), Snakes, Bats {Pferopidae and Vespertilionidae), Monkey (Prestbytis entellus), Green Bee
eater (Merops orientalis latham] - “Nano Patrangiyo”, Hawk, Rabbit. 1t is significant to observe that
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within the study areq, the Panther (Felis pordus) population has drastically decreased..
LANDUSE

The term landuse defines the human activity on the land (Clawson and Stewart, 1965). The
iand in natural form may directly be used for the benefits of human beings. Nevertheless, someiimes
man drastically changes the landscape according o his liking, for his own benefits. Otherwise, he
prefers {o use the land directly with minor changes. Human activities vis-a-vls landuse pattern is
mainly depending on the basic factors such as slope of the ground, type of landforms, the thickness
of soil, the hydrogeological conditions and activeness of the processes - both endogenic and exogenic.
The table 3.4 furnishes the typical land use and impact on the geological conditions.

TABLE : 3.4 Geologic conditions that affect typical land uses.

Typical Land Uses

Geologic conditions Light Heavy Waste, Buiding Ease of Road Agricu
structure structure | disposal material | excavati | performa- | -lture
construction | construct resources ~on nee
-ion
Physical properties . . ) . . . .

of soils and rocks

Slope stability . . * * * o *
Thickness of . . * . % * *
surfacial materials

Depth to ground . . . . * * .
water

Supply of surface * * * . * * .
water |

Danger of flooding . . . . . o .

e Primary importance

Secondary importance Source - Turner and Cotfiman (1373)

From the point of view of geo-environmental investigation of the Bhadar basin, it is most
essential fo understand the present day landuse pattern; to achieve this, first of all, the author has
prepared a landuse map (Fig. 3.3). For preparing this map, the techniques suggested by Anderson et
al. (1972), ISRO (1991) and Lillesand and Kiefer (1987} in studying the Land Sat Imagery data have
been followed. IRS 1A FCC Band 234 (1: 250,000 scale) was ‘chosen and based on texture and tonal
variations, various landforms were classified. While classifying, care was taken to consider the field
data, Survey of India toposheet (41/K,0,N,G,J), slope of the areq, landforms, ground water condtion
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etfc. After preparing the map, it was thoroughly checked in the field.
Subsequently, eight types of land use patterns were Identified viz. 1) agricultural land, ii)

grazing land, iii) barren/waste land, iv) forest, v} mining areas, vi} wet land, vii) residential/industrial
area and viii) water bodies.

At times, it is very difficult to separate multi-use landuse patiern into different divisions, for
example commercial - cum- residential land. The individual landuse paitemn are described in the
succeeding paragraphs.

AGRICULTURAL LAND

Figure 3.3 depicts the area under effective agriculture in all the years. It covers an area of
1267.83 sq.km. Agricultural lands occupy mainly flood plains in the lower reaches and buried pedi-
ment in the middle and upper reaches. Although the overall climate is semi-arid, ‘recently other
seasonal crops such as Rabi (winter) and Kharif (monsoon) crops are also grown. This is faciliiated by
the canal irrigation from the Bhadar dam, Phophal dam, Champravadi dam, Vinu dam and Moj
reservoir. Except the Bhadar which is a medium irrigation dam, others are minor ones. Details are
given in a tabular form (Table 3.5).

GRAZING LAND
This is an intermediate landuse areq, conneéﬁng the pediment and burried pediment. This is
one land use area for cattle grazing and live stocks, depending on the monsoon. With good rainfall
marginal areas, adjacent to agricultural region becomes agriculiural land.

BARREN AND WASTE LAND

These are generally on the north of Bhadar river, occupying the main trappean highland,
having moderate {o steep slopes, rolling fopography. Veneer soil cover and poor ground water
availability have made them inlo a bamren land or waste land. However, during monsoon grasses
and shrubs grow on it. During summer and winter, they die out, but very scanty herbs are seen at
times.

FOREST

Itis a natural forest mainly situated north of Kutiyana and south of Upleta, covering an area
of 205.10 sq. km. They occupy, generally, the pediment or margins of the pedimen!. Slopes are
moderate to gentle, rainfall is moderate , soil cover is thin fo thick varying from fairly dense o dense
forest. During recent times, these forests are getting affected by the human interference, by way of
illegal cutting of trees. Apart from that the areas of chalk beds are situated in the midst of this forest.
Owing fo this, cutlting of trees is very common o make the temporary roads and also for the purpose
of mining activities.

MINING AREAS
Limestones and chalk deposits are mined west of Upleta and north of Kufivana in Mervadar,

Pransia and Dhank. These mines are open cast in nature and mining is carried out by local experts
42
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following old mining system,
WET LANDS

The low marsh and high marsh at the mouth of Bhadar river constitute wet land area covering
141.82 sq.km. Since these areas are under the influence of tides, they are been mapped as wet
land. However, fringes on the land side are under reciamation, But, the reclamation activity has been
hampered by the water quality. Therefore, the area is mainly used for one time crop, generally,
having high tolerance to salinity which, inturn, depends on monsoonal rainfall. These wet lands can

be well utilized if salt works are developed. There are few salt pans which are situated fo the north of
the Gosa village.

RESIDENTIAL/INDUSTRIAL AREA

There is no significant major industrial complex other than the one at Gondal where ground-
nut oil mills exist and are mainly agro-industries. G.1.D.C. complexes are situated in Jasdan and
Gondal where engineering works, mainly agro-based products such as harvest related equipments,
motors for water pumping, elc are manufactured.

The most important of all the Industries Is the dyeing and printing of clothes in and around
Jetpur. As per the Govemnment rating, it is a small scale cottage indushry but there are major printing
and dyeing units existing. Earlier to the high court order (1%, August 1995), there were 2500 units out
of which 1125 are only registered. But as on today, the number has reduced, 1500 units are function-
ing. More than 40,000 people work in this sector for their livelihood. Conspicuously, this particuiar
industry has not followed the proper waste disposal management system. Due {o this, ample amount
of effluent waste are added 1o the river Bhadar which signaled an alarming situation down the valley.
This aspect has been earmarked and deait in details in the chapter 5 and 6, the reason being, when
comparing with other environmental hazard within the study area, this aspect is predominanily alarm-
ing.

Residential and industrial areas cannot be separaied because all industrial zones in this
basin are of small scale and therefore, has been clubbed together. The major town seftiement have
been marked in the map (Fig. 3.3} whereas small villages and other setflement could not be mapped
in smailer scale. Detdils are furnished in table 3.6.

WATER BODIES

Mainly the man made structure has given rise to minor reservoir viz, Phophal dam,
Champarvadi, Vinu, Moj, Sankrola and a medium reservoir Bhadar dam. These reservoir water are
used either for agriculiural or drinking purpose,

RECREATION

Recreation sites have not been developed in general within the Bhadar basin. However,
throughout the year people visits, from all over from Gujarat the temple town Virpur, which falls within

the study area. Other recreational activities are the small scale melas arranged by the people
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TABLE : 3.6 Settlements and Population.

Percentage
Taluka Area in Population Decadal
sq.km. variation
1961 1971 1981 1996 * 1971-1981
Dhoraji 483.50 91774 | 119357} 151681 | 2891343 | +27.08
Gondal 1229.20 | 140247 | 176463 | 212665 | 384455} +20.52
Jasdan 1320.20 {. 99893 | 131792} 168621 | 323600 +27.94
Jam Kandorna 607.10 40869 52659 63661 | 115439 +20.89
Jam Jodhpur 1021.84 75670 972361 110266 | 187562 | +13.40
Jetpur 671.60 91985 | 126544 | 174040 | 359035| +37.53
Kutiyana 566.00 67981 67981 79722 1 140234 +17.27
Kotda Sangani 444 .40 30783 40502 51671 98882 +27.58
Lodhika 364.20 22094 29996 37711 71188 | +25.85
Upleta 766.40 | 104209 | 137793 | 170609 | 316872 | +23.82
Source : Gazetteers * Projected Values
locally.

However, there is a high potential for tourist and heritage welfare, where many old forts and
monuments such as in Jasdan, Gondai, Upleta and Dhoraji can be renovated and infrastructure may
be provided. It is appreciable that the towns like Gondal, Upleta and Dhorqji are well planned, with
broad streets, straight road and urban centres of olden times. However, they are very badly main-
tained.

ECOLOGICAL RELATIONSHIPS

' There is no breakdown in the ecological system, mainly considering the food chain and the
habitat. Howevet, the human activity in Jetpur has hampered the existence of live stock in the Bhadar
valiey on account of influx of the pollutants. Saline ground water in the lower segment of the Bhadar
valiey has created a warning bell 1o the habitants. This is due to over exploitation of the ground water.
However, the government has made an arrangement fo supply drinking water through pipe line from
Paswali village.

After understanding the geo-environmental conditions of the Bhadar basin, the author, judged
that the waste disposal of Jetpur dyeing and printing industry is the major menace for the people
living in the valley. Therefore, he has studied in detail on this aspect and will be describing them in
the proceeding chapters. 45



