
Annexure-2.1

Nomenclature and Characteristic of Soils in the Study Area.

(After NBSS & LUP, 1994)

Map
Symbol Description Taxonomy

027

Very deep, well drained, fine loamy, soils on gently 
slopping quartzitic, folded ridges and furrows with 
sever erosion; associated with very deep, well 
drained, calcareous, fine loamy soils on very gently 
slopping lands with moderate erosion.

Fineloamy, mixed hyperthermic 
fluventic ustochrepts

Fine loamy, mixed (calc) 
hyperthermic, typic, ustocherpts.

037

Shallow, well drained, clayey soils on moderately 
slopimg basaltic hills and ridges with severe erosion 
& moderate stoniness assocciated with shallow, well 
drained, loamy soils with severe erosion & moderate 
stoniness.

Clayey, mixed hyperthermic 
lithic Ustochreprts

Fine mixed, hyperthermic vertic 
Ustochrepts

038

Shallow, well drained, clayey soils on gently sloping 
basaltic hills and ridges with severe erosional & 
moderately deep, well drained, fine soils on very 
gently sloping lands with moderate erosion.

Clayey, mixed, hyperthermic 
lithic Ustochrepts

Fine mixed, hyperthermic vertic 
Ustochrepts

041

Moderately shallow, well drained, fine soils on very 
gently sloping basaltic hills & ridges with severe 
erosion and moderate stoniness, associated with very 
shallow, somewhat excessively drained loamy soils 
with severe erosion & moderate stoniness.

Fine, mixed, hyperthermic vertic 
Ustochrepts

Loamy, mixed hyperthermic 
lithic Ustorthents

042

Rocks outcrops, associated with shallow well 
drained, loamy-skeletal soils on moderately steep 
sloping basaltic hills & ridges with severe erosion & 
moderate stoniness

Rocky outcrops loamy-skeletal, 
mixed, hyperthermic lithic 
ustorthents

058

Moderately deep, well drained, fine soils on very 
gently sloping granitic interfluves with moderate 
erosion, associated with deep, well drained, fine 
soils with slight erosion.

Fine, mixed, hyperthermic 
fluventic Ustochrepts

Fine, mixed, hyperthermic Udic 
Ustochrepts

060

Shallow, well drained, clayey soils on gently sloping 
basaltic interfluves with moderate erosion, 
associated with moderately deep, well drained, fine 
soils on very sloping lands with moderate erosion.

Clayey, mixed, hyperthermic 
fluventic Ustochrepts

Fine, mixed, hyperthermic Udic 
Ustochrepts

061

Very deep, well, drained, fine soil on very gently 
sloping quartzitic interfluves with moderate erosion 
associated with deep, well drained, calcareous fine 
loamy soils with slight erosion.

Fine, mixed, hyperthermic Udic, 
Ustochrepts

Fine-loamy mixed (calcareous), 
hyperthermic Fluventic 
Ustochrepts



Map
Symbol Description Taxonomy

063

Moderately deep, well drained, fine soils on very 
gently sloping basaltic interfluves with moderate 
erosion, associated with moderately deep, 
moderately well drained, fine soils with moderate 
erosion.

Fine, mixed, hyperthermic Udic, 
Ustochrepts

Fine, montmorillonitic 
hyperthermic typic Chromusterts

067

Very deep, well drained, fine soils on very gently 
sloping basaltic interfluves with moderate erosion; 
associated with shallow, well drained, loamy soils 
with moderate erosion.

Fine, mixed, hyperthermic vertic 
Ustochrepts loamy, mixed, 
hyperthermic lithic Ustochrepts

070

Very deep, well drained, fine soils on nearly level 
basaltic interfluves with slight erosion, associated 
with very deep, well drained calcareous fine soils on 
gently sloping lands with slight erosion.

Fine montmorillonitic, 
isohyperthermic Typic 
chromusterts
Fine, montmorillonitic 
(calcareous) isohyperthermic 
Vertic Ustropepts

075

Very deep, well drained, calcareous caorse-loamy 
soils on very gently sloping dissected plains very 
severe erosion; associated with very deep, well 
drained, calcareous fine loamy soils with moderate 
erosion.

Coarse loamy, mixed 
(calcareous), hyperthermic Typic 
Ustifluvents
Fine-loamy, mixed), 
hyperthermic fluventie 
Ustochrepts

Oil

Very deep, well drained, calcareous, coarse-loamy 
soils on very gently sloping dissected flood plains 
with very severe erosion; association with very deep, 
well drained, calcareous, fine-loamy soils with 
severe erosion.

Coarse-loamy, mixed 
(calcareous) hyperthermic Typic 
Ustifluvents
Fine loamy, mixed (calcareous) 
hyperthermic fluventie 
Ustochrepts

104

Deep, well drained, calcareous, fine soils on very 
gently sloping alluvial plains with slightly erosion & 
slighlty alksline, associated with very deep, 
imperfectly drained, calcareous, fine loamy soils 
with slightly erosion.

Fine, mixed (calcareous) 
hyperthermic, Fluventie 
Ustochrepts
Fine-loamy, mixed (calcareous) 
hyperthermic, Udic Ustochrepts

105

Very deep, well drained, calcareous, fine loamy soils 
on gently sloping alluvial plain with moderate 
erosion; associated with deep, well drained, 
calcareous, fine-loamy soils on very gently sloping 
lands with moderate erosion.

Fine-loamy, mixed (calcareous), 
hyperthermic fluventie 
Ustochrepts
Fine loamy, mixed (calcareous), 
hyperthermic Udic Ustochrepts

109

Very deep, well drained, fine loamy soils on very 
gently sloping alluvial plain with slight erosion, 
associated with very deep, well drained, fine soils on 
nearly level sands with slight erosion.

Fine-loamy, mixed, 
hyperthermic fluventie 
Ustochrepts
Fine, mixed, hyperthermic, 
fluventie Ustochrepts



Map
Symbol Description

Taxonomy

114

Moderately deep, well drained, calcareous, fine soils 
on nearly level alluvial plain with slight erosion and 
slight salinity; associated with deep, moderately well 
drained, calcareous, fine soils with slight erosion

Fine, montmorillonitic 
(calcareous), hyperthermic,
Vertic Ustochrepts
Fine, montmorillonitic 
(calcareous), hyperthermic Typic 
Chromusterts

121

Very deep, moderately well drained, calcareous fine 
soils on very gently sloping alluvial plain with slight 
erosion; associated with very deep, moderately well 
drained, fine soils with slight erosion.

Fine, montmorillonitic 
(calcareous), hyperthermic,
Typic chromusterts
Fine, montmorillonitic 
hyperthermic Typic
Chromusterts

122

Very deep, moderately well drained, calcareous fine 
soils on very gently sloping alluvial plain with slight 
erosion & moderate salinity; associated with very 
deep, moderately well drained, calcareous, fine soils 
with moderate erosion.

Fine, montmorillonitic 
(calcareous), hyperthermic,
Typic chromusterts
Fine, montmorillonitic 
(calcareous),hyperthermic Udic 
Chromusterts

127

Very deep, moderately well drained, fine soils on 
very gently sloping alluvial plain with moderate 
erosion; associated with very deep, moderately well 
drained fine soils on nearly level lands with slight 
erosion.

Fine, montmorillionitic, 
hyperthermic, Typic 
chromusterts
Fine, montmorillonitic 
hyperthermic Vertic Ustochrepts

128

Very deep, moderately well drained, fine soils on 
nearly level alluvial plain with slight erosion; 
associated with very deep, moderately well drained, 
calcareous fine soils on gently sloping land with 
severe erosion.

Fine, montmorillionitic, 
hyperthermic, Typic
Chromusterts
Fine, montmorillonitic 
(calcareous) hyperthermic Typic 
Chromusterts

131

Very deep, moderately well drained, fine soils on 
very gently sloping alluvail plain with moderate 
erosion & moderate salinity; associated with very 
deep, moderately well drained calcareous, fine soils 
with moderate erosion.

Fine, montmorillonitic, 
hyperthermic Typic
Chromusterts
Fine, montmorillonitic 
(calcareous), hyperthermic Udic 
Chromusterts

135

Very deep, moderately well drained, calcareous, 
very fine soils on very gently sloping alluvial plain 
with slight erosion & moderate salinity; associated 
with very deep, moderately well drained, calcareous 
fine soils with slight erosion & slight salinity.

Very-fine, montmorillonitic 
(calcareous), hyperthermic Typic 
Chromusterts
Fine, montmorillonitic 
(calcareous) hyperthermic Vertic 
Ustochrepts

137'

Very deep, moderately well drained, very fine soils 
on very gently sloping alluvial plain with moderate 
erosion ; associated with very deep, moderately well 
drained, calcareous fine soils with slight erosion.

Very-fine, montmorillonitic, 
hyperthermic Typic
Chromusterts
Fine, montmorillonitic 
(calcareous) hyperthermic Tyic 
Chromusterts



Map
Symbol Description Taxonomy

139

Very deep, moderately well drained, very fine soils 
on nearly level alluvial plain with slight erosion & 
slight salinity; associated with very deep, 
moderately well drained, calcareous, very fine soils 
with slight erosion.

Very-fine, montmorillonitic, 
hyperthermic Typic
Chromusterts
Very-Fine, montmorillonitic 
(calcareous) hyperthermic Udic 
Chromusterts

116

Moderately shallow, well drained, calcareous fine 
soils on very gently sloping alluvial plain with slight 
erosion & moderately well drained, calcareous, fine 
soils with moderate erosion

Fine montmorillonitic 
(calcareous), hyperthermic vertic 
Ustochrepts
Fine montmorillonitic 
(calcareous) hyperthermic Typic 
Chromusterts

252

Moderately shallow well drained, calcareous fine 
soils on very gently sloping piedmont plains (with 
narrow valleys) with slight erosion & slight salinity; 
associated with moderately shallow, well drained, 
calcareous, fine soils with slight erosion and slight 
salinity

Fine montmorillonitic 
(calcareous), hyperthermic
Vertic Ustochrepts
Fine montmorillonitic 
(calcareous) hyperthermic Typic 
Chromusterts
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INTRODUCTION

Development of any area to a large extent depends upon the utilizable water resources present 

and its development potential. Rapid pace of industrial and agricultural development coupled 

with population growth has necessitated to look in the intricacies of hydrogeological regime 

with a view to reexamine the role of natural processes that affect the natural water resources in 

terms of quality and quantity. Further, to explore the possibilities of tapping deeper water 

resources and aspects of conjunctive use.

Tlie Study Area:

The Gijarat state is bestowed with a wide variation of geO-environmental conditions. Its rock 

formatbn, from present day to 2500 million years displays wide variety of rock types. Out of the 
state’s total area of about 1,96,000 km2, nearly 80,000 km2 (~40%) is covered by hard rocks and 

about 8j2,000 km2 (~60%) is occupied by alluvial plain (Merh, 1995). Groundwater in the state 

occurs in all geological formations. The unconsolidated and semi-consolidated formations being 

porous and permeable constitute ideal repositories of groundwater. Whereas in hard rock 

(consolidated formations the occurrence of groundwater is restricted within the weathered and 

fractured zones.
I

I

The study area constitutes a part of Mahi - Narmada interstream (Doab) region. It has a distinct

physiographic boundary and is bordered by the Gulf of Cambay in the West, the rocky uplands
I ■ , '

in the East, Mahi River in the North and Narmada River in the South and sprawl in about 11,000

sq km. The area lies between 72° 30’ E and 73° 43’ E longitudes and 21° 40’ N and 22° 53’ N

latitudes, falling in 46/ B, C, F G, J & K topographic sheets of the Survey of India. The alluvial

tract being part of “Gujarat alluvial plains” comprises huge thickness of marine, fluvial and

aeolian sediments deposited during the Quaternary period. These sediments consists of

intercalations of sand, silt, clay and gravel fractions with the perceived, development of

clacretised bands. These unconsolidated sediments and serve as repository for groundwater in
unconfijned, semi-confined and confined conditions. The Eastern part of the study area is 

l ■ • ' . ,

covered by hard rocks consisting of Deccan Trap, Granite, Gneiss, Quartzite, Phyllite, Slate,

Schist, Marble, Sandstone, Dolomite and Limestone.

i i



Objective and Scope:
i

The study aims at carrying out an in-depth study on hydrogeological aspects of Mahi-Narmada
|

Interstream area with the following defined objectives:

1.

2.

3..

4.

5.

jib work out the various hydrogeological environs through understanding the role of 
quaternary processes.
Hydrogeochemical study of the groundwater with special reference to seasonal changes 

n ionic content and its characterization in terms of potability and toxicity, 

isotopic study of the groundwater delineates the regions of groundwater recharge and its 

pattern.

To work out various geochemical facies, to identify groundwater characteristics and 

source (recharge) area. . \ '

To envisage water resource management model through identified ground water 

-echarge sites using Remote Sensing and Geographical Information System (RS & 

GIS) techniques. ,

Approach and Methodology:

To achieve the above cited objectives a multi - disciplinary approach has been adopted. The 

envisaged methodology has dealt with following aspects.

1. Geological Framework:

> Physiographically the study area constitutes a. part of Mainland Gujarat. This area is 

geologically represented by the rocks of Precambrain Crystallines, sedimentaries of 

(Cretaceous, Deccan Traps and Sedimentary formations of Tertiary and Quaternary 

periods. The .Cambay Graben is one of the three major marginal rift basins in the 
jvestem margin of the Indian Craton and situated in Gujarat (Biswas, 1982). Mesozoic 

rocks and Deccan basalts in the Cambay basin forms the floor over which Cenozoic 

sediments have been deposited. The thickness of Quaternary j and; Tertiary sediments 

tends to varies in Cambay basin. The Eastern Cambay Basin Bounding Fault extends 

almost N-S across the middle of the Mainland broadly separating the Quaternary 

aeposits from older rocks. The structure is reflected in the topography which typically 

shows progressive stepping down from south to north along E-W faults and from east to 

west along N-S faults (Maurya et al., 2000).

2



2. Field work and Geochemical Analysis:
I

> IThe prime objective of the study was to work out various hydrogeochemieal environs of 

groundwater. This was achieved through groundwater sampling on seasonal basis. For 

this entire area was divided into 10 x 10 km grid. From the grid, center point was picked 

up as the nodal village for water sample collection. From each village one open well 

sample, one hand pump sample (considering it as a shallow aquifer) and one tube well 

(considering it as a deeper aquifer) sample was collected for pre and post monsoon 

seasons. The water samples were collected for a period of two years i.e. pre- monsoon 

period of the year 2002 to post monsoon period of the year 2003. Details on 

groundwater sampling is given in Table No-1

Table-1 Pattern of Groundwater Sampling in Study Area.

<k
I

Sr.
ro.

Season
Total No of 

samples 
collected

Identified objectives Remark

l June 2002 52 Major Cations and Anions
Samples 1 from Bore 
well, Hand pump and 
open well collected 
mainly from open area 
and agricultural field

2 . Oct-Nov 2002 145 Major Cations and Anions 
and Isotope1

3 May-June 2003 101 Major Cations, Anions and 
Trace elements2

i4 Oct-Nov 2003 101
Major Cations, Anions and 

Trace elements3

f For isotope;samples analysed at PRL, Ahmedabad 
f For Trace elements samples analysed at NGRI, Hyderabad 
f For Trace elements samples analysed in RSIC at IIT Powai

> Representative water samples were collected from in air tight, high density polyethylene 
jbottles (HDPE); each bottle was previously washed with diluted hydrochloric acid and 

distilled water. *

> For isotopic measurements, 15ml glass bottles were used to collect water samples. 

Moreover, for trace element analysis 100ml high density polyethylene air tight bottles 

were used for groundwater sample collection. These bottles were, also previously rinsed 

with distilled water and diluted hydrochloric acid to minimize contamination,

> Infield measurements of parameters like temperature, electrical conductivity (EC, pS/cm

at 25°C), Total Dissolved Salt (TDS) and pH were carried out using portable field
I
measurement instruments. The analysis was carried out as prescribed in the manual



‘Standard Methods for the Examinations of the Water and Waste Water, |0th edition’. 

The chemical parameter like alkalinity, total hardness, calcium hardness, magnesium 

hardness, chloride was done with titration method. Major cations like Na++, d!t+rJ&-- 

were analyzed with systronics 128-Flame Photometer. While parameter like sulfate, 

nitrate and fluorite were analyzed with UV- Spectrophotometer. Trace element analysis 

was done in ICP-MS and ICP-AES while isotope analysis was done at PRL. Oxygen 

isotopic analyses were done using a Stable Isotope Ratio Mass Spectrometer (GEO 

2020, PDZ Europa U.K.) with automatic water equilibration system.

3. Preparation of Thematic Maps;

> Various thematic maps viz. Geology, drainage basin, hydrogeomorphological, slope, 

Digital Elevation Model (DEM), Landuse , cross-section profiles, water table contour 

map, geochemical maps, contour maps of variable geochemical parameters like pH, 

Total Dissolved Solids, Electrical conductivity, Chloride, Nitrate, Sulphate, Fluoride, 

Trace element and oxygen isotope etc were prepared using SOI topographic sheets (on 

1:250,000 and 1:50,000 scale), satellite imageries, administrative maps, secondary data 

like scientific publications, government reports and information available on internet. 

Maps of pre and post monsoon have been developed and compared on GIS environment. 

For working out secular changes on groundwater regime, GWRDC and CGWB data 

have been used.

4. Remote Sensing and GIS:

> In the present study, integrated remote sensing and GIS techniques have been used to 

generate groundwater potential map and prediction of recharge zones in the study area. 

Various information like geology, geomorphology, soil, structures, landcover/landuse, 

and other relevant information have been extracted from satellite data, Survey of India 

(SOI) topographical sheet and aided by field checks. Spatial information of groundwater 

chemistry water table conditions, rainfall data have also been considered to prepare 

various thematic maps and subsequent analysis. Coral Draw-12 and AutoCad 2004 for 

map drawing, Plotchem for geochemical analysis, Arc GIS-8.6 for GIS and ERDAS 

Imagine 8.6 software were used for generating thematic maps. All the thematic 

information layers have been digitized and analyzed in GIS environment to derive 

composite maps for identifying suitable zones for construction of artificial recharge

4



structures. Based on the study prima facie it appears that the eastern pa 

area are the potential zones of groundwater recharge.

Results and Discussion:

Hydrogeomorphology Characterization

In order to study the subsurface geology of the Quaternary sequence some of the available bore 

holes logs were studied in greater detail. The central and western part consists of Quaternary 

deposits having intercalated sediments of sand, silt and clay, which host the aquifers mainly in 

semi-confined and unconfined conditions and at few places in confined state. Well lithologs of 

eastern part were also studied to know the rock type and depth of weathering.

Hydrogeochemistry

Chemical hydro geological investigation has been carried out with a view to characterize 

groundwater for its domestic and irrigation suitability. The average range of constituent ions in 

groundwater samples of pre and post monsoon periods indicate minute but noticeable change in 

their ionic content. The average difference indicate an overall decrease in pH, TDS, Ca, Mg and 

Sulphate whereas increase in total hardness, chloride and nitrate concentration from pre to post 

monsoon season. The pH level of the ground water fall in alkaline field and most of them are 

well within the range. Categorizing water in accordance with the drinking water standards has 

established that majority of samples have either one or two constituents in higher concentration 
making it unfit for drinking. 818 O isotopic concentration of groundwater sample shows 

considerable variation in stable isotopic values ranging between -3.16 to 1.06%o. Pieper’s 

Trilinear plot has been used to determine the genetic classification of water. Overall ground 

water facies in the study area is Na-Mg-Ca-K: SO4-CI-4CO3 type. The Gibb’s plots indicate that 

evaporation is a main geochemical process occurring in the study area which is trending 

towards rock water interaction.

The correlation coefficient among various chemical variables shows pH -ve correlation with 

most of the parameters except alkalinity. The correlation between the Ec and other parameters is 

significantly positive except K; TDS, Na, Ca is strongly co-relatable with most of the variables 

except alkalinity; alkalinity is slightly negative correlatable with Mg, K, and TH, whereas

5
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significant with Ec and slightly correlatable with other parameters. Cl is significant with Ec, 

TDS, Na and Ca while slightly negative with pH, alkalinity; SO4 is significant with Ec, TDS, 

Na, and Ca while negative with pH.

Therefore, overall groundwater quality tends to deteriorate from eastern hilly zone to western 

coastal plains which follow the ground water gradient direction.

Groundwater Behaviour and Resource Potential

The study area receives rainfall due to SW monsoon and is limited to the period between June 

to September. The period is further extended upto November due to retreating monsoon. The 

rainfall data for 42 years i.e. from 1961 to 2003 from 18 rain gauge stations located within the 

study area is used. The average rainfall for the study area stands at 858.99 mm.

The water levels from the year 1993-2003 for nearly 76 wells have been studied for its pre and 

post monsoon fluctuations. The fluctuation values were compared with the corresponding 

rainfall to deduce the sensitivity of the aquifer to rainfall. As the recharge to the aquifers is 

rainfall dependent, overall water levels are lowest in the month of May (Pre-monsoon) whereas 

higher in November (Post-monsoon). In order to develop clear understanding of seasonal 

behavior of water levels for litho-specific aquifers, the author has constructed observation well 

hydrographs by considering 1993-2003 pre and post monsoon water levels. Almost all well 

hydrographs show strong correlation with the rainfall input.

The groundwater resource potential assessment for any area is carried out using standard 

approaches that utilizes mainly replenishable component of recharge on annual basis. There 

exits several approaches for evaluation of groundwater recharge which in turn depends upon the 

factors influencing infiltration variables and their attributes. The author, for estimation of 

groundwater recharge has adopted Water Level Fluctuation and Specific Yield Approach and 

Rainfall -Recharge empirical methods as suggested by different workers. The groundwater 

recharge estimated by various approaches is summarized in table given below.
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Table 7.1 Comparison of Groundwater recharge in the Study Area by Various 
Approaches.

Sr
No. Approach Rock Type Area (km2)

Percentage
Normal
Rainfall
(859mm)

Recharge
(MCM)

Total
Recharge
(MCM)

1
. G’water over 

Exploitation 
Committee

Alluvial 7488.194 20 1286.472
1597

Hard Rock 3613.297 10 310.382

2 Sukhija Alluvial 7488.194 8 514.58 608Hard Rock 3613.297 3 93.11

3
i Specific 
! Yield 
i Approach

Alluvial 7488.194 *2.1-2.7 2052
2261

Hard Rock 3613.297 *1.68-2.56 209

*Water Table Fluctuation/Specific Yield Approach

Water Table Fluctuation and Specific Yield Approach would provide the most dependable 

estimates on the groundwater storage. Hence, the author has considered 2261 MCM as recharge 

for the study area.

Remote Sensing and GIS

> Overall characterization of the study area based on various adopted approach it can be 

concluded that the poor recharge zone constitutes 26.1%, moderate zone 37.2% and 

good recharge zone is 36.7% of the total study area.

> In the present study an integrated remote sensing and GIS based methodology has been 

used to identify the area suitable for recharge. This has been presently cross checked 

with the water table fluctuation data for this area. It has been found that the zones 

identified through GIS approach actually show increase in water table after monsoon 

which is quite higher from the other areas.

> After getting the final overlay map, the TDS contour map has been superimposed on it 

to identify the area suitable for groundwater development in terms of its quality also..

> The result of this study is useful for identifying potential zones for recharging shallow 

aquifers, while for deeper aquifers further details like sub surface information and 

aquifer characteristics are required along with field inputs.
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