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Introduction

Villages occupy an jtnportant place in the economy. soc:en and
culture of India. Mahatma Gandhi is often quoted as having said. ~Real
india lives in its viilages™ In the early decades of the 20nh century about

90% of the popuiation ilved in the villages. The deveiopment of village.
for Gandhiji, was the development of India. lliteracy, ignorance and
poverty characterized the vast population of rural India. Gandhiji
organized mass movement to draw attention to the problems of the rural
people and also to involve the peasants in the freedom movement.

Indian villages have & prolonged history of their own. They existed
in all the major stages of our soeio-political history. As an important umit
of the Indian social polity the village has played a prominent role.

The Rig Veda denoteg '‘grama™ as an apgregate of several families
sharing the same habitation. During the period of Rig Veda, village was
a unit of social and political organization of India, Each village or grama
was haaded by a “gramani”.

The Romayana makes 3 mention of villages. According to the
Ramayana, gramani or the head of the village was appointed by the king.
He was assigned the duty of looking after the village defence. It was
also his duty to collect state dues and to maintain records reiating to
such collection. He was also vested with some judicial functions.

The Mahobharate mentions several types of hahitations and
settlements. It refors to the village as the most fundamental unit of
administration baving “gramani” as its leader and chief spohesman.

During the Buddhist period we have cnongh literawure to speak of the
position of the villages, towns and forts. Each grama was organised as
a socio-political nnit under the authority of the headman. The most
sigeificant aspect of the viliage organisation during this period was thet
the village affairs were completely managed hy the villagers themselves.
It means in several respects cach grama was independem snd
autenomous.

] “Anhash_astra“ ?f Kautilya provides us specific details about the
village and its administration during the Mauryan period. Bach village
b 2 wonderhl ol sy, Vige sénissrive su

an, accountant, officials, veterinary doctor and

1
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A Snapshof on the History of Education in
Jalpaiguri District (1869 - 2019)

Manojit Das & Ananda Gopal Ghosh

{0

Educational landscape of Jalpaiguri distrct is vast, complex and
diverstﬁ-ﬂd: 'Ihe‘diversity lies in her language, ethnicity, religilm and
primordiality of life of a tiny section of people. History and Geography and
also the British Colonialism and imperialism are responsible for such
diversity. A district which has started from the foothills of the Himalays
and ended in a plain terrain, In addition to this Geo-Ethno-Historical
diversity the district has been actually a settlers or immigrants habitation
land particularly after the advent of the company-colenial-imperial of nile.
h is to be noted that this is the only district of West Bengal where we find a

Hindi Medium College as well as an English Medium College similarly, in
ﬂ‘eﬁﬂ“m,pﬂmawmdpmtpﬂmmeduuﬂm:phmmﬁndm
the one side a high-tech educational methodology and on the other side a
primitive system of teaching. Further, if we cast our eyes over the medium
of instructions in the primary stage, it will be visible a mutltilingual picture
viz. Bengali, English, Nepali, Hindi, Rajbanshi / Kamtapuri (yet not
introduce dricially), Urdu and Arabic (in Madrasa) Sanskrit (in Tol,
Chatuspathi), Bhutia (in Bhutia School and Forest Village School). Truly
spenking this is really a unique canvas of the elementary aducation of the
district. It is in this linguistic canvas, we will present here a narrative on
general, technical, engineering, Medical, law, Teachers Training and other
Wise abled (Blind School) etc. 1t is both Litevally and practically to bring all
the aspects of education under one write-up. But for the sake of the general

and concern p&rsons, a m'“i“ndm‘“l“; hulieww that the readers of the

fram this discuassion, It will meet
and the specidists. Before entering
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Identification of Groundwater Potential )
Zones Using Multi-influencing Factors Sheshee
(MIF) Technique: A Geospatial Study
on Purba Bardhaman District of India

Niladri Das, Prolay Mondal, Subhasish Sutradhar, and Ranajit Ghosh

Abstract In the present era, the resource crisis and the deterioration of quality of
resources is the primary concern of the geographical study. Groundwater resource is
the primary depleted resource today due to massive population pressure and indis-
criminate use in agriculture. Hence, proper planning and strategies are needed to
facilitate groundwater recharge. Therefore, a study, like the delineation of poten-
tial groundwater zones, is one of the prime tasks of the geographer, the environ-
mentalist, and the scientist also. Present research involves the assessment of poten-
tial groundwater recharge zone by using a popular statistical method, i.e., multi-
influencing factors (MIF) along with the application of GIS. Based on the study, three
major potential zones have been identified viz. high potential zone, which comprises
20.65% area, moderate potential zone with 45.61% area, and low potential zone
covering 33.74% area out of the total geographical area of the Purba Bardhaman
district of West Bengal, India. High potential zones are predominantly observed in
the extreme west and east of the test area as well as along the river course. Moreover,
low potential zones are found in the middle and the southern part of this concerned
region. In the end, validation of these potential zones has been made by taking actual
yield from the field observation and comparing it with the prepared potential model.
Therefore, this kind of study for the delineation of potential groundwater zones is
very much relevant for the improvement of groundwater status in the era of the water
crisis. The validation of this model proves that this model is 73.17% accurate for the
identification of the potential groundwater zones.
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1 Introduction

With the march of time, various sectors like agriculture, industry, and urbaniza-
tion have seen rapid development in developing countries like India, increasing
the demand for water (Venkateswaran and Ayyandurai 2015). In the present world,
groundwater is one of the precious resources, which pulling the chariot of human
civilization (Magesh et al. 2012). It is also one of the largest sources of fresh water.
To meet the daily need, like drinking and other domestic activities, nearly 90% rural
population and 30% urban population of India depends on groundwater (Reddy et al.
1995; Bhunia et al. 2012)

The demand for groundwater is increasing day by day, leading to a groundwater
crisis. In this crisis phase, we must delineate groundwater potential zones to use
this precise resource sustainably. Now, with the advent of advance Remote Sensing
and GIS techniques, it has become cost-effective and time-saving work (Das and
Mukhopadhyay 2020; Thapa et al. 2017; Chaudhary and Kumar 2018; Adiat et al.
2012; Verma and Singh 2012). In the era of advanced science and technology, it has
become very much easy to access spatial, spectral, and temporal data of the entire
world within a few minutes (Sener et al. 2004; Gupta and Srivastava 2010; Panahi
et al. 2017). GIS techniques are useful tools to capture, manipulate, store, analyze,
manage, and represent various kind of spatial data (Chowdhury et al. 2008; Gupta and
Srivastava 2010). Although it cannot directly be identified, but integrating multiple
layers in a single frame such as geology, soil type, rainfall, lineament density, aquifer
thickness, drainage density, Land use and Land cover, slope, NDVI, etc., groundwater
potential zones can be demarcated (Dar et al. 2010; Agarwal et al. 2013; Thapa et al.
2017; Magesh et al. 2012; Das and Mukhopadhyay 2020; Bhunia et al. 2012; Panahi
et al. 2017).

To detect groundwater potential zones, different quantitative techniques have
been used by various researchers viz. Analytic hierarchy process (AHP) is one of
the standard quantitative methods (Ajay Kumar et al. 2020; Arulbalaji et al. 2019;
Mohammadi-Behzad et al. 2019; Murmu et al. 2019; Nithya et al. 2019; Siva et al.
2017; Phukon et al. 2004; Chowdhury et al. 2009; Murthy and Mamo 2009; Adiat
etal. 2012; Panahi et al. 2017; Das and Mukhopadhyay 2020), frequency ratio model
(Manap et al. 2014; Oh et al. 2011;Razandi et al. 2015) and multicriteria deci-
sion evaluation (Machiwal and Singh 2015; Murthy and Mamo 2009; Jothibasu and
Anbazhagan 2016). After consideration of the previous studies, recognition of poten-
tial groundwater zones, Multi-influencing factors (MIF) method is rather simple and
easy to apply (Magesh et al. 2012; Thapa et al. 2017; Das et al. 2017; Biswas et al.
2013).

Purba Bardhaman district is agriculturally endowed, and groundwater plays a
significant role in maintaining its status in agriculture. But over-exploitation of
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groundwater is bringing the region under threat. According to the report of The
Telegraph, April 2016, a joint survey was done by the Central Ground Water Board
and the State Water Investigation Directorate, which identified Katwa-I, Katwa-
II Kalna-I, Kalna-II, and Manteswar community development blocks under threat.
Before the survey, Purbasthali-I and IT community development blocks were demar-
cated to be having toxic groundwater. Overexploitation of groundwater leads to a
very slow recharge. Water resources development ministry of West Bengal has said
that more than 1, 62,000 water bodies’ viz. canals, Ponds, and lakes have already
silted up. Although the region gets sufficient rainfall, the dead water bodies cannot
store water, and these water bodies cannot act as recharge potential as these are
silted up. Therefore, for optimum use of groundwater, it is essential to demarcate the
potential groundwater zones, so that policymakers, planners and local government
and local people can identify the suitable and unsuitable borehole locations (Thapa
et al. 2017; Das et al. 2017).

2 Materials and Methods

2.1 Study Area

Purba Bardhaman district is a newly formed district of West Bengal, divided from
the previous Bardhaman district. This district is extending from 22° 56" 00” N to
23° 51’ 00” N latitude and 87° 26’ 00” E to 88° 25 00” E longitude, occupying
5416 km? area and contains 23 C.D. blocks (Fig. 1).

This district is bounded by Paschim Bardhaman district (newly created) in the
west, Birbhum District in the north, separated by Ajoy river, Murshidabad in the
north, and the Bhagirathi river forms eastern boundary separating Nadia District
from Purba Bardhaman district. In the south-east direction, the Damodar River flows
dividing the Bankura district from it, and in the south-west side of this district,
Hugli district is located. Geographically Purba Bardhaman district is characterized
by Ganga-Brahmaputra alluvial plain both in the northern part and in the eastern
region.

2.2 Data Used

To prepare thematic layers, conventional data and satellite data have been utilized
from different sources. The administrative map of India and West Bengal has been
downloaded from the DIVA-GIS portal. The Community Development blocks of
the Purba Bardhaman district have been digitized from the map derived from the
official website of the Purba Bardhaman district (http://Purbabardhaman.gov.in/bur
dwan/for_citizen/maps.php). The geological variety of the Purba Bardhaman district
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Fig. 1 a India. b West Bengal. ¢ Purba Bardhaman

has been collected from the district resource map of Burdwan. Rainfall map and soil
type map have been digitized from the district planning map of the NATMO. Aquifer
thickness map has been digitized and prepared as a thematic layer in Arc GIS 10.5
from India-WRIS Web map services. The map of lineament density has been collected
from BHUVAN Portal, and this map is made in ArcGIS 10.5 software using the line
density tool. Land use/Land cover (LULC) map has been prepared from LANDSAT
8 OLI images (Table 1) of USGS EarthExplorer (https://earthexplorer.usgs.gov/) and
supervised classification has been done in Arc GIS 10.5 using image analysis tool.
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Table 1 LANDSAT 8 OLI images utilized in this study

Sl no. | Image ID Row/Path | Acquisition date | Spatial resolution (m)
1. LC81380442018139LGNO0 | 138/044 2018/05/19 30
2. LC81390442018114LGNO0 | 139/044 2018/04/24 30

Normalized difference vegetation index has been made using the above
LANDSAT 8 OLI images of band 4 and band 5. To prepare slope and drainage
map, SRTM DEM of 30 m resolution has been used and made in the Arc GIS 10.5
environment.

2.3 Multi-influencing Factors (MIF) for Weightage

To delineate potential groundwater zones, ranks were assigned to all the parameters
statistically, using the MIF technique based on a literature review (Fig. 2). Factors
which has dominant control on groundwater potentiality has been assigned as major
effect and on the other hand, factors having less control assigned as a minor effect.
A major factor has been assigned as weight 1, and minor factor has been assigned as
weight 0.5, which is plotted in Table 2 based on Fig. 3 (Magesh et al. 2012; Thapa
et al. 2017). Proposed Relative rates have been calculated by summing up the ranks
of minor and major effect (Table 3). Then the proposed score of each factor has been
calculated using this formula

X1+ X
PoposedScore = [ (X1 + X2) i| x 100

Y (X1 +Xy)

where X is Major effect and X, is minor effect.

With the help of the MIF, we can get weight for each parameter (Table 4). After
reclassification with weightage, we made an overlay of all these selected layers with
the help of Weighted overlay tool in spatial analyst in Arc GIS 10.5 software (evaluate
copy) to delineate the potential zones.

3 Result and Discussion

To delineate the potential zones of Purba Bardhaman district, nine influencing factors
of the groundwater recharge and storage have been considered viz. geology, linea-
ment density, rainfall, soil type, slope, drainage density, aquifer thickness, land
use/land cover and NDVI. All the factors have been studied individually concerning
groundwater production and storage (Das et al. 2017).
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Fig. 2 Flowchart of the methodology of delineation of groundwater potential zones

3.1 Influencing Factors of Groundwater Potentiality

3.1.1 Slope

The slope is another significant physiographic factor and one of the best indicators for
the identification of potential zones (Al Saud 2010; Ettazarini 2007). Slope controls
the runoff process and infiltration rate of the groundwater (Gouri et al. 2019). There-
fore, it strongly influences the groundwater recharge (Adiat et al. 2012; Bhunia et al.
2012; Kumar et al. 2014). Slope morphology explains that groundwater recharge is
adversely related to it (Rahmati et al. 2016). Hence, the higher the degree of slope,
the lower weightage has been assigned and vice versa. The slope map has been made
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Table 2 Major effect and minor effect, proposed relative rates and scores for influencing factors

(Magesh et al. 2012)

Factor Major effect (X;) | Minor effect (X;) | Proposed relative | Proposed score of
rates (X + X2) each influencing

factor

Aquifer 1 0.5 1.5 6

thickness

Geology 1+14+1+1 0.5 4.5 19

Lineament |1 0.5 1.5 6

density

Rainfall 1+1 0.54+0.5 13

Drainage 0 0.5 0.5 2

density

Soil type 1+1 0 2 9

Slope 1+14+1+1 05+05 5 21

LULC 1+1 05405 3 13

NDVI 1+1 0.5 2.5 11
37235 >°100

Fig.3 Interrelationship and interdependence between influencing factors affecting the groundwater

potential zone
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Table 3 Factors assigning weightage concerning groundwater potential

Thematic map Weightage Groundwater potentiality
Geology Clay alternating with silt & sand | Moderate
Clay with caliche concretion Very poor
Laterite High
Sand, silt and clay Poor
Rainfall High (>1400 mm) Good
Moderate (1200-1400 mm) Moderate
Low (<1200 mm) Poor
Soil Alfisoils older alluvium Poor
Entisoils younger alluvium Moderate
Lateritic utisoils Good
Slope High Poor
Moderate Moderate
Low High
Drainage density High Unsuitable for groundwater potential
Moderate Moderately suitable for groundwater
potential
Low Suitable for groundwater potential
Lineament density | High Suitable for groundwater potential
Moderate Moderately suitable for groundwater
potential
Low Unsuitable for groundwater potential
Aquifer thickness | High Good
Moderate Moderate
Low Poor
NDVI High Good
Moderate Moderate
Low Poor

from SRTM DEM of 30-m spatial resolution provided by USGS Earth Explorer, and
it has been processed in Arc GIS 10.5 software (Fig. 4a). This region comprises with
moderate category of the slope, which ranges between 1.27° and 2.97°.

3.1.2 Geology

Geology is the fundamental parameter that strongly influences groundwater recharge
and helps to determine the potentiality of the groundwater. So, the groundwater
storage initially depends upon the geological structure (Hachem et al. 2015). Geolog-
ical formations ascertain the recharge and storage capacity of groundwater (Ayazi
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Layers

Classes

Assigned ranking

Weightage

Geology

Clay alternating with silt & sand

14

Clay with callche concretion

4

Laterite

19

Sand, silt and clay

9

19

Rainfall

High (>1400 mm)

13

Moderate (1200-1400 mm)

Low (<1200 mm)

13

Soil Type

Alfisoils older alluvium

Entisoils younger alluvium

Lateritic utisoils

O || W || O

Slope

High

[\
—_

Moderate

—_
A~

Low

21

Drainage density

High

Moderate

Low

Lineament density

High

Moderate

Low

Aquifer thickness

High

Moderate

Low

Very Low

NDVI

High

—

Moderate

Low

11

LULC

Built up area

Sandy area

Current fallow

Vegetation

—

Cultivated land

N =, N O WWIA =W RN AN ||| ==

Water bodies

—_
[O8]

13
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Fig. 4 Thematic maps: a Slope. b Geology. ¢ Rainfall. d Land use and land cover. e NDVI. f Soil
type. g Aquifer thickness. h Lineament density. i Drainage density

et al. 2010; Chowdhury et al. 2009; Jhariya et al. 2016). This region is character-
ized by four significant geological formations viz. sand, silt and clay formation, clay
with caliche concretion formation, clay alternation with silt and sand formation, and
laterite formation (Fig. 4b).

The concretion is a kind of hard and compact mass of materials formed by the
precipitation of minerals and cemented pore spaces of the soil. Therefore it discour-
ages the recharge of groundwater, and hence this formation leads to very low poten-
tiality to groundwater availability. Laterite supplies productive groundwater storage
because of good permeability (Das and Mukhopadhyay 2020). Thus it creates an
excellent potential zone of groundwater storage. Therefore, laterite is given more
weightage than other geological formation. Clay alternation with silt and sand also
moderately influences groundwater potentiality.
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Fig. 4 (continued)
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3.1.3 Rainfall

In the hydrological cycle, rainfall plays an important role in groundwater retention,
which ultimately determines the groundwater potentiality and fluctuation (Magesh
et al. 2012; Agarwal et al. 2013). The study region receives nearly 80% rainfall
from south-west monsoon from June to September. Rainfall map has been digitized
from the district planning map of NATMO, which has been categorized into three
subclasses viz. High (Above 1400 mm), medium (1200-1400 mm), and low (less
than 1200 mm). The southeastern portion of the region receives more than 1400 mm
rainfall, which carries out 22%. The western part receives below 1200 mm rainfall
with 10% areal coverage. The rest part of the study area has experienced a medium
category of rain, which ranges from 1200 to 1400 mm and covers 67% area (Fig. 4c).

3.1.4 Land Use and Land Cover

LULC is also an important parameter to identify the extension of the need and use
of groundwater (Jhariya et al. 2016). It helps to understand the variation of recharge
in different units of land use (Singh et al. 2011). The LULC map has been prepared
with Landsat-8 satellite images, which are downloaded from the USGS earth explorer
portal, and supervised classification has been done using the maximum likelihood
method in ArcGIS 10.5 software. Six types of classes have been extracted in this test
area viz. built up, sandy area, current fallow, vegetation, cultivated land, and water
bodies (Fig. 4d). As the Waterbody is the best-known source of the unit of ground-
water recharge, the highest weightage is assigned for this parameter. Vegetation also
acts as an important parameter as the recharger of the groundwater; hence it has
been given good weightage after water bodies. Low weightage has been assigned for
Built-up areas as this zone has a meager infiltration rate. In the study area, 23.33%
area is under the built-up area, 55.59% area is under cultivated land, only 3% is
underwater bodies, 2.85% is under the converge of vegetation. As this area belongs
to the riverine floodplain, hence major part of the district is under cultivable land.

3.1.5 NDVI

For the identification of vegetation quality, NDVI is an important index, and it has
been widely used in the present era of RS & GIS. To identify the potential groundwater
zones, NDVI has been considered an important parameter. The values obtained from
NDVIranges from —1 to 41, and if the value is >0.4, it indicates as dense vegetation.
If the value is <0.1, there is no vegetation i.e., barren land. Moreover, if the value is 0
or less than it, it may be water bodies, wet areas. NDVI map has been prepared from
Landsat-8 satellite image in ArcGis 10.5 environment with the help of this formula

NIR - RED

NDV] = ———
NIR - RED
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where NIR denotes Near-Infrared band, and RED denotes the band 4 of Landsat
image.

Figure 4e explains that the southeastern part of the test area is characterized by
higher NDVI value, which indicates vegetation covers over this part. Moreover, the
central and northwestern parts of this district are experienced medium to low NDVI
value that means this part has less or no vegetation cover.

3.1.6 Soil Type

Soil type is one of the necessary natural elements that significantly determine the
water infiltration rate. The study region is characterized by three types of soil viz.
Older Alluvium, Younger Alluvium, and Laterite (Fig. 4f). About 70% area of the
region is covered by younger alluvium due to high deposition by the rivers almost
every year. This soil is mainly found in the western part of this district. About 19
and 10% of the area are under older alluvium and laterite, respectively. Both the
soils are found in the western and northern parts of the district. Newer alluvium is
more influencing for groundwater recharge than older alluvium. Moreover, laterite
soil strongly accelerates the groundwater recharge due to its high porosity. Hence
laterite soil has been given more weightage followed by younger alluvium and older
alluvium.

3.1.7 Agquifer Thickness

An aquifer is a layer of unconsolidated porous rock that allows water to flow through
it. Aquifer thickness of any area plays a vital role in controlling the groundwater
potentiality. As aquifers contain water, therefore areas having higher aquifer thick-
ness will have more groundwater potential. In this area, the width of the aquifers varies
from 1.000221565 to 185.9817657 m. The region having lesser aquifer thickness is
found in the majority of this district. Some parts of the eastern and northern parts
have higher aquifer thickness (Fig. 4g). 51.23% has very little aquifer thickness of
1.000221565 to 20 m, 43% of the study area has 20.00000001-35 m aquifer thickness,
5.71% has 35.00000001-65 m, and only 0.06% has 65.00000001-185.9817657 m
aquifer thickness.

3.1.8 Lineament Density

Lineament is tectonically originated features of linear, rectilinear, curvilinear shape,
and can be extracted from the satellite image (Magesh et al. 2012; Jhariya et al.
2016). The number of lineaments influences the infiltration rate and hence sufficient
groundwater recharge. Spatial data of lineament has been collected from the Bhuvan
Geoportal (Das and Mukhopadhyay 2020). An area having higher lineament density
is more conducive for the potentiality of groundwater. Therefore, in this study, classes
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of higher lineament density have been assigned higher weightage and vice versa.
Figure 4h depicts that in the study region, the lineament density is very high only
along the Damodar river valley, and the rest of the area has experienced very little
lineament density.

3.1.9 Drainage Density

Drainage density means the length of stream per unit area (Horton 1932; Strahler
1952; Das and Mukhopadhyay 2020). Drainage density has a dominant influence on
the groundwater potentiality as it has an inverse relation with infiltration (Chowdhury
etal. 2009; Agarwal et al. 2013; Magesh et al. 2012; Das and Mukhopadhyay 2020).
Higher the drainage density value, the higher will be the surface runoff, and hence
lower will be the recharge of groundwater and vice versa. So, higher weightage has
been given to the lower drainage density and lower weightage for higher drainage
density. In this district, almost above 90% area is under low drainage density zone
(Fig. 41).

3.2 Delineation of Groundwater Potential Zones

Based on Multi-Influencing Factors technique, and arrangement of the pixel of all
influencing factors like, rainfall, drainage density, soil type, slope, lineament density,
aquifer thickness, LULC and NDVI, the groundwater potential zones map has been
prepared (Fig. 5) and three potential zones have been identified which are high,
medium and low. Each potential zone has a certain area, i.e., low potential zone covers
1815.1 km?, moderate potential zone occupies 2453.18 km? and high potential zone
covers 1110.83 km?. The percentage of area covered under potential zones is shown
in the following Table 5.

Based on the pixel arrangement of all the thematic layers, a final map has been
extracted which depicting groundwater potential zones. This map reveals that ground-
water potentiality has strongly been influenced by physical factors like geology, river,
slope, lineament, etc. (Das and Mukhopadhyay 2020). From Fig. 5, it is observed
that a high potential zone is a characteristic feature of laterite formation and clay
alternating with silt and clay because it allows a high rate of percolation of ground-
water and large storage of groundwater. Moreover, the high potential zone can also
be found along the riverside due to the continuous supply of surface water.

In this present context, identification of groundwater potential zone is very much
important because the potentiality of any resource provides a new dimension to
rethink for sustainable use of that resource to the planner. Therefore, the delineation
of these zones of Purba Bardhaman district will help to formulate a suitable regional
level plan (Das and Mukhopadhyay 2020).



Identification of Groundwater Potential Zones ... 207

Fig. 5 Groundwater potential zones of Purba Bardhaman district

Table S Area under' different Groundwater potential zone | Area (km?) | Percentage of area
Groundwater potential zones

Low potential zone 1815.1 33.74

Moderate potential zone 2453.19 45.61

High potential zone 1110.83 20.65

3.3 Validation of the Groundwater Potential Zones

To validate the finally extracted groundwater potential zones map, 41 drilled bore-
holes have been selected from where boreholes yield data have been collected. Bore-
hole locations have been plotted in Fig. 6 and actual yield data have been tabled in
Table 6. Based on the field data, the yield ranges have been categorized into 3 groups
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Fig. 6 Receiver Operating
Characteristic (ROC) to
validate the potential zones

viz. less than 3 Ips as low yield zone, 3—6 Ips as medium yield zone, and more than 6
Ips as high yield zone. The actual yield and expected yield that is predicted from the
groundwater potential zones map have been shown in Table 6 and agreement between
actual and expected yield have been tabled to explain the remark of agreeing and
disagreeing, which represents the consistency between actual yield and predicted
yield. For the accuracy assessment of the map following steps have been followed

i. Bore hole surveyed = 41

ii. Number of surveyed boreholes under agreement = 30
iii. Number of surveyed boreholes under disagreement = 11
iv. The accuracy prediction =

No. of boreholes under agreement of coherence 100
X

Total number of borehole surveryed

3100
BT

=T73.17%

The accuracy value 73.17% indicates that the Multi-Influencing Factors technique
with the help of remote sensing and GIS can be successfully applied to generate a
successful result.

To understand the level of accuracy graphically, Receiver Operating Characteristic
(ROC) curve is mostly used (Das and Mukhopadhyay 2020). The area under curve
has been drawn against the real and expected yield of groundwater, which represents
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Table 6 Accuracy assessment of groundwater potential zones by comparing of actual groundwater
yield with the obtained groundwater potential zones

Sl. | Location Latitude Longitude | Actual Actual | Expected | Agreement
no. yield yield yield between
from remark | predicted |actual and
drilled from the | expected
borehole map
(ps)
1 | Berugram 23° 46/ 48" | 87° 58 40" |3.75 Medium | Medium | Agree
2 | Basudha 23°2340” | 87°51' 27" | 6.87 High High Agree
3 | Babubandh 23°31’ 23" |87°41' 24”7 |0.33 Low High Disagree
4 | Bamanpur 23° 14/ 38" | 87°51' 22" | 1.62 Low Low Agree
5 | Aligram 23°25' 59" |87°41'20" | 1.6 Low Low Agree
6 |Jaykrishnapur |23°21’46” |87°43/ 47" |5.28 Medium | Medium | Agree
7 | Manikbazar 23°22°59” |87°579” |3.8 Medium | Medium | Agree
8 | Mallikpur 23°31'60” |87°41'30” | 1.38 Low High Disagree
9 | Kandra 23°43' 45" | 87°58 13" | 1.13 Low High Disagree
10 | Bhatpara 23°31"7" |87°55 52" |6.57 High High Agree
11 | Napara 23° 13/ 54" | 87°46' 117 |4.02 Medium | Medium | Agree
12 | Kanpur 23°13/ 57”7 | 88°6/ 22" |3.92 Medium | Medium | Agree
13 | Kashimpur 23° 16’ 35” | 87° 48 26” |3.63 Medium | Medium | Agree
14 | Kubijpur 23°22' 14" [87°59' 19" |72 High |High | Agree
15 | Gobindapur 23°32/8” | 87°44' 40" | 3.89 Medium | Medium | Agree
16 | Kuldanga 23°23' 33" |87°27 37" |3.52 Medium | Medium | Agree
17 | Uttar 23°9'25" |87°56/ 45" | 6.7 High |High | Agree
Mahanpur
18 | Mahula 23°48 15”7 |88°0' 14”7 |4.12 Medium | Medium | Agree
19 | Beninagar 23°43° 52" |88°0' 38" |6.67 High High Agree
20 | Natungram 23°36/ 3”7 |88°8' 7" 7.88 High High Agree
21 | Hamidpur 23°33 40" |88°14'9” |5.63 Medium | Low Disagree
22 | Balarampur 23°32/ 45" | 88°2' 37" |6.63 High High Agree
23 | Goshumba 23° 33/ 54" |88°4' 41" |6.35 High High Agree
24 | Gobardhanpur |23°28" 24" |88°0'59” |1.92 Low Medium | Disagree
25 | Haldipara 23°27 46" |88°14' 6" |9.35 High High Agree
26 | Bishnupur 23°34/ 12”7 | 88° 11" 127 | 4.12 Medium | Medium | Agree
27 | Shaligram 23° 16/ 43”7 |88°1'24” |3.85 Medium | Low Disagree
28 | Bhojpur 23°24° 35" | 88°5 33" |4.02 Medium | High Disagree
29 | Masagram 23°82 88°2'24” |7.53 High Medium | Disagree
30 | Debipur 23°8 32" |88°9'31" |5.13 Medium | Low Disagree
31 | Rudradanga 23°36'8” | 88°15 56" |7.65 High High Agree

(continued)
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Table 6 (continued)

Sl. | Location Latitude Longitude | Actual Actual | Expected | Agreement

no. yield yield yield between
from remark | predicted | actual and
drilled from the | expected
borehole map
(ps)

32 | Kalitala 23°14° 36" | 87°52' 20" |3.73 Medium | Medium | Agree

33 | Chandipur 23°24' 46" | 87°53' 30" |8.18 High High Agree

34 | Noapara 23°38 30" |87°58 44" |7.72 High High Agree

35 | Ramkrishtopur | 23°5 477 |87°49 41" |7.62 High High Agree

36 | Malatipur 23° 16’ 51”7 | 88°19' 517 |4.52 Medium | Medium | Agree

37 | Madhupur 23° 14/ 10”7 |88°5'22” |3.37 Medium | Medium | Agree

38 | Mirjapur 23° 16/ 56” | 87°52' 557 |3.05 Medium | Low Disagree

39 | Bhatra 23° 14’ 41”7 | 88° 15" 127 |4.37 Medium | Medium | Agree

40 | Suipara 23° 13/ 13" | 88° 14’ 32" |4.45 Medium | Medium | Agree

41 | Madhabpur 22°59' 34" |88°1'32" |4.92 Medium | Low Disagree

0.731 or it compared to 73.1% accuracy. So, it can be remarked that this method can
be used here to generate a precious result of the groundwater potential map.

4 Conclusion

The delineation of groundwater potential zones with the aid of advanced approach
of remote sensing and GIS using multi-influencing factors (MIF) technique in the
Purba Bardhaman district may be very much helpful for the sustainable development
planning of underground water resources. The result depicts that about 20.65% area
is in the category of the high potential zone, and with the help of the ROC curve, it has
been proved that this method is about 73% accurate for the assessment of groundwater
potential zones. Moreover, Purba Barddhaman is an agriculturally endowed region,
so for the better management of groundwater resources, especially for agricultural
purposes, this kind of study is very much relevant and justified. Common people can
also be benefited from the map because, with the help of this, they can easily identify
the proper drilling area to extract water for a long time.
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Chapter 12 ®)
Multi-criteria Analysis for Groundwater e
Quality Assessment: A Study in Paschim
Barddhaman District of West Bengal, India

Payel Das and Niladri Das

Abstract Groundwater, one of the most valued natural hydrological resources,
plays an important character in various sectors, i.e. agriculture, industry, and house-
hold. With increasing population pressure, its quality and quantity are affected
enormously. Therefore, groundwater quality assessment is of prime necessity to
confirm the availability of safe water for consumption and utilization in agriculture
purpose. The present study was conducted on Paschim Barddhaman district of West
Bengal based on 14 physico-chemical parameters, i.e. pH, EC, TH, Ca, Mg, Na, K,
HCO;, Cl, SO4, POy, F, Fe and SiO, of 43 groundwater samples. Multi-criteria
analysis, such as factor analysis and cluster analysis, has been done to extract the
principal controlling factors of groundwater chemistry. Factor analysis shows that
four factors explain the total variance of 71.358%, and it implies that the hydro-
geochemistry of groundwater is influenced not only by the interaction of ground-
water and geology but also by contamination by the chemical fertilizer, industrial
effluent and urban sewage. From the hierarchical cluster analysis, three clusters are
identified from the region on the basis of homogenous groundwater chemistry.
Gibbs diagram indicates that groundwater hydrochemistry is mainly influenced by
the nature and composition of rocks. Water quality indices reveal that the ground-
water of the district is safe for drinking purposes except very few locations. Based on
irrigation suitability analysis, i.e. sodium percentage, sodium absorption ratio and
permeability index, majority of the sample villages show that groundwater is suitable
for irrigation purpose except a few villages.

Keywords Hydrochemistry - Hierarchical cluster analysis - Irrigation suitability -
Principal component analysis - Water quality index
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12.1 Introduction

Groundwater plays a crucial part in human life, and it has a strong importance in
agriculture, industry and household sectors. With increasing population pressure, the
worldwide demand for groundwater resource is gradually escalating. The global
population was recorded as 7.6 billion in 2018 and is projected to reach 9.6 billion in
2050 (United Nations 2013). Therefore, in the future, there will be a safe drinking
water scarcity. In India, annually about 230 cubic kilometres of groundwater is
abstracted for different purposes, i.e. irrigation, drinking, industrial, etc., and greater
than 60% of agricultural irrigation and 85% of drinking water supply rely upon the
groundwater resource (World Bank 2012). Although groundwater is considered as a
replenishable resource, it is not renewed very quickly. The average time of subsur-
face water renewal is about 14000 years (World Water Balance 1978). So, monitor-
ing of groundwater chemistry and water quality assessment are required for better
planning. Jain et al. (2000), Meenakumari and Hosmani (2003), Jain (2004), Gupta
et al. (2008), Banoeng-Yakubo et al. (2009), Singh et al. (2010), Nosrati and
Eeckhaut (2012), Dhakate et al. (2013), Ghosh and Kanchan (2014), Pazand and
Javanshir (2014), Kumar et al. (2015), Adhikary et al. (2015), Bencer et al. (2016),
Boateng et al. (2016), Hassen et al. (2016), Longanathan and Ahamed (2017),
Kazakis et al. (2017) and some other distinguished persons have deeply studied
the groundwater hydro-geochemistry in different slices of the world and evaluated
the quality of groundwater for domestic and agricultural purposes.

Groundwater contamination is an urgent matter of concern because people largely
depend on the groundwater source for different purposes. Consumption of contam-
inated groundwater is dreadful for all the biota (Jain et al. 2000; Baba and Tayfur
2011). On a global scale, about three million people die in every year due to the
consumption of contaminated water (WHO 2004). Scientific management of
groundwater resource is poor in the developing countries. Groundwater quality
assessment is important in this context. Surface water quality is severely affected
by the intensive use of chemical fertilizer and pesticide in agriculture, industrial
wastage, domestic sewage, etc., but the groundwater quality is influenced not only
by the agricultural actions and industrial effluents but also geological formation,
groundwater level, flow pattern, degree of chemical weathering, etc. Knowledge of
subsurface water chemistry is inevitable to detect the source of chemical compounds
of groundwater like geogenic or anthropogenic (Srinivasamoorthy et al. 2008;
Chenini et al. 2010; Das et al. 2019).

Gupta et al. (2008) studied the hydro-chemical properties of groundwater of the
entire Burdwan district to assess the irrigation suitability. Singh et al. (2010) studied
about the groundwater quality of Raniganj coal mining area. Thapa et al. (2018a)
investigated the manganese-contaminated zones of Burdwan district using the fre-
quency ratio model, and they (2018b) also demarcated the iron-contaminated zone of
Burdwan district. For this investigation, Paschim Barddhaman is selected as the
study area. Paschim Barddhaman is a mining-based industrial and urbanized district.
Asansol and Durgapur Municipal Corporation and Raniganj, Jamuria and Kulti
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municipalities collectively generate about 696 tons per day of solid waste (Depart-
ment of Municipal Affairs 2013). Municipal solid wastes, hazardous wastes and
biomedical wastes are being openly dumped in the waste disposal sites (Kalipahari,
Asansol, Samdihi, Burnpur) and non-engineered municipal solid waste landfill site
(Durgapur) which causes infiltration of leachates in subsurface water (Adhikari and
Pal 2016). Urban sewage, untreated industrial effluents, solid wastes and mining
wastes are some major vectors of groundwater contamination in the industrial belt of
Paschim Barddhaman (Holt 2000; Tiwary 2001). Moreover, in the eastern share of
the test area mainly, Kanksa block has been endowed with massive agricultural
production. So, the application of chemical fertilizer to obtain more agriculture
production may cause the deterioration of groundwater quality. As consumption of
contaminated water is harmful for human health, groundwater quality assessment is
very urgent to this district. It will help to plan for supportable water resource
management. The main aims of this study are to assess the hydro-geochemistry
using multivariate statistical techniques like factor analysis and cluster analysis and
evaluate the groundwater quality for drinking and irrigation purposes using the
parameters sodium percentage (Na%), sodium absorption ratio (SAR), permeability
index (PI), magnesium ratio (MR), etc.

12.2 Test Area

Paschim Barddhaman district is located between 23°24/10.25"N to 23°52'40.16"N
latitude and 86°47'46.41"E to 87°31'33.81"E longitude, encompassing an area of
1603.17 km?, and it consists of 2 municipal corporations and 8 community devel-
opment (CD) blocks (Fig. 12.1). Administratively, the test area is surrounded by the
Jharkhand state in the west and north-west, Birbhum district in north, Purba
Barddhaman district in the east and Purulia and Bankura district in south. Damodar
marks the southern boundary; Barakar forms the western boundary and Ajay sepa-
rates the district from Birbhum district. Physically, this region is a part of the ‘Rarh’
Bengal.

In geological point of view, this district comprises many rock formations,
e.g. dissected plateau composed of granitic gneissic complex of Archaean age is
present in the north-western portion of the district, while the eastern part of the
district is made up of laterite of tertiary period and a few patches of the quaternary
alluvium, and in between these two, a large tract is covered by Gondwana deposition
(Fig. 12.2). Archaean granite gneiss and migmatite of Chota Nagpur granite gneissic
complex are bared in the north-western fringe of the test area constituting the oldest
basement rock. Gondwana supergroup sedimentary sequence is deposited within a
faulted, subsided semi-graben-type structural trough over the basement rock.
Talchair, Barakar, Barren Measure, Raniganj and Panchet formation constitutes
the lower Gondwana group composing sandstone, shale, conglomerate and siltstone
with coal seams. Raniganj formation is predominant in coal supplying in the district
(Table 12.1). Groundwater resource of the study area is largely guided by the
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Fig. 12.1 Location map of (a) India, (b) West Bengal and (c) Paschim Barddhaman district

geology and geomorphology of the district (Gupta et al. 2008). Except the east
margin, the entire study area is characterized by limited yield prospect (below 50 m?/
h). Tertiary and quaternary deposits of the eastern section of the test area have a large
yield potential (above 150 m?%h). In the westernmost section of the test area,
groundwater is restricted under phreatic condition in the weathered residuum and
secondary porosities like joints, faults, fractures, etc. (Thapa et al. 2018b). In the
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Fig. 12.2 Major geological units of Paschim Barddhaman district

Table 12.1 Major geological succession of Paschim Barddhaman district

Formation

Geological time period

Lithology

Panskura formation

Middle to upper Holocene

Clay alternating with silt and sand

Sijua formation

Upper Pleistocene to mid-
dle Holocene

Clay with caliche concretion

Laterite Cainozoic Laterite

Durgapur bed Jurassic Very coarse sandstone

Panchet formation Triassic Red shale, sandstone

Raniganj formation Permian Fine-grained sandstone, siltstone
with coal seams

Barren Measure formation Permian Micaceous shale, sandstone

Barakar formation Permian Gritty pebbly sandstone with coal

seams

Talchair formation

Carboniferous-Permian

Sandstone, conglomerate

Chota Nagpur granite
gneissic complex

Archaean-Proterozoic

Granite gneiss and migmatite

Source: Geological Survey of India

eastern section of the district, groundwater occurs under both confined and
unconfined aquifers in tertiary and quaternary deposits (Dutta 2016).

In general, the district is under subtropical monsoon-type climate and receives an
average annual rainfall of 1300 mm. Generally the temperature varies between 39°C
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in summer and 12°C in winter. But during summer time, the district suffers from
very high temperature due to penetration of hot westerly wind from central India.

12.3 Materials and Method

For the entire analysis, 14 parameters, viz. pH, EC, TH, Ca, Mg, Na, K, HCO3, Cl,
SOy, PO, F, Fe and SiO,, have been taken as test parameters from the groundwater
year book of West Bengal and Andaman and Nicobar Islands for the year of
2015-2016, and it has been published by Central Groundwater Board, Government
of India. The data was collected for the month of April from 43 bore wells from the
entire district.

From the quantitative point of view, multivariate statistical technique has been
used for hydro-chemical analysis; principal component analysis (PCA) is one of the
important multivariate statistical techniques which help to deduct the dimensionality
of a data set consisting of a large number of interconnected variables (Zhang et al.
2009; Bencer et al. 2016; Kazakis et al. 2017). PCA has been calculated by using
IBM SPSS version 25 statistical software. This method helps to extract major
chemical components which affect groundwater of this region. Here, PCA has
been made through varimax rotation with Kaiser normalization. According to the
Guttman-Kaiser rule, the factors having the eigenvalue >1 have been taken as major
factors (Dhakate et al. 2013; Bencer et al. 2016; Noshadi and Ghafourian 2016).
PCA can be expressed through the following equation (Eq. 12.1):

Zij = pcyjXij + PCpX2j + .. ... .. PCimXmij (12.1)

Hierarchical cluster analysis (HCA) helps to identify the grouping of associated
variables of groundwater chemistry (Dhakate et al. 2013; Hassen et al. 2016). The
Euclidean distance has been used here to measure the similarity level within the
sample sites. Ward’s method has been implied to generate dendrogram, which
graphically represents the clusters (Gibrilla et al. 2011). HCA has been computed
by using the following formula (Eq. 12.2):

&mn =" (Zuk — Zux) (12.2)

where d,,, is the Euclidean distance, Z,,,, and Z, are the variable k for objects m and
n, respectively, and x is the number of variables.

Pearson’s correlation matrix has been prepared to identify the bivariate relation-
ship between various groundwater controlling factors (Chapman 1996; Hassen et al.
2016; Das and Nag 2017), and scatter plots have been constructed to represent the
trend of correlation between two variables. The co-relation value of >0.5 specifies a



12 Multi-criteria Analysis for Groundwater Quality Assessment: A Study in Paschim. .. 265

strong correlation between variables, <0.5 indicates a poor correlation between
variables, and the value of 0.5 means moderate co-relation between variables
(Vasantavigar et al. 2013). For the spatial analysis of the 14 groundwater chemical
parameters and the 4 significant factors and magnesium hazard, inverse distance
weighting (IDW) technique in spatial analysis tool of ArcGIS 10.5 software has been
used and here weighing factors are the chemical parameters, which have been
already mentioned Wilcox diagram, USSL diagram and Gibbs diagram have been
plotted using AquaChem v. 2011.1 software (evaluation copy) to identify the
groundwater suitability for irrigation.

12.4 Result and Discussion

12.4.1 Spatial Distribution of pH

Concentration of pH value in groundwater is varying from 7.4 to 8.1 that indicates
that the nature of groundwater is slightly alkaline. The very low standard deviation
value of 0.17 indicates that the pH value of all the sample wells is very close to the
average value of 7.5 of the test area, which shows negatively skewed distribution
(—0.35) and the kurtosis value (0.5) is moderately positive. About 97.67% of the
sample wells are within the safe limit as approved by the WHO (2004). Concentra-
tion of pH value is low in the eastern section (Kanksa) of the test area. Higher
concentration of pH is mainly observed in a few pockets of Kulti, Brabant, Andal
and Raniganj (Fig. 12.3a).

12.4.2 Electrical Conductivity (EC)

EC in groundwater indicates the ion concentration which comes from dissolved salts
and inorganic chemicals like chloride, calcium, sodium and magnesium (Prasanth
et al. 2012). The EC value is ranging from 115 pS to 2020 pS with an average of
781.42 and very high standard deviation of 387.61 (Table 12.2). Both the skewness
and kurtosis values are positive. Throughout the study area, distribution of EC value
is low except the sample well of Dakshin Khanda of Andal (Fig. 12.3b). As per
WHO’s guideline (2004), 97.67% of the sample well are within the safe limit and
only 2.32% under moderate electrical conductivity. As the pH value in groundwater
is slightly alkaline, it retards the solubility of chemical compounds. Presence of low
soluble materials causes low concentration of electrical conductivity (Prasanth et al.
2012). EC value becomes low due to the presence of insoluble rock types.
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Fig. 12.3 Spatial map of (a). pH (b). Electrical conductivity (c). Total dissolved solid (d). Total
hardness (e). Calcium (f). Magnesium (g). Sodium (h). Potassium (i). Calcium bicarbonate (j).
Chloride (k). Fluoride (1). Iron (m). Sulphate (n). Phosphate (o). Silicon oxide
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Fig. 12.3 (continued)
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Fig. 12.3 (continued)
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Fig. 12.3 (continued)
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Fig. 12.3 (continued)
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Table 12.2 Classification of groundwater based on EC concentration

EC Type of water Percentage of sample well
<1500 Low enrichment of salt 97.67

1500-3000 Moderate enrichment of salt 2.32

>3000 High enrichment of salt 0

Table 12.3 Classification of groundwater based on TH concentration (Sawyer and McCarty 1967)

TH Type of water Percentage of sample well
<75 Soft 2.32
75-150 Moderately hard 20.93
150-300 Hard 62.79
>300 Very hard 13.95

12.4.3 Total Dissolved Solid (TDS)

Total dissolved solid varies from 73.6 to 1292.8 mg/l with an average value of
523.14 mg/l. As per WHO’s guideline, all the sample wells are within the permis-
sible limit, but 44.18% of sample wells are beyond the maximum desirable limit
(500 mg/l). Concentration of TDS is high in Andal, Durgapur municipality, Kulti
and Barabani blocks (Fig. 12.3c¢).

12.4.4 Total Hardness (TH)

The presence of cations like magnesium and calcium and anions like carbonate,
bicarbonate, sulphate and chloride is the prime cause of total hardness in ground-
water (Ravikumar et al. 2010; Dhakate et al. 2013; Das and Nag 2017; Boateng et al.
2016). Total Hardness ranging from 40 to 510 mg/l with an average value of
216.82 mg/l and high standard deviation of 101.15, which shows a huge variation
in the concentration of TH in the study area. Both skewness (0.85) and kurtosis
(0.89) values are highly positive. According to Sawyer and McCarty’s classification
(1967), only 2.32% of sample wells are soft; 20.93% are moderately hard; 62.79%
are hard and 13.95% are very hard (Table 12.3). Throughout the study area, TH has
been concentrated in a few patches of Kanksa, Salanpur, Barabani and Asansol
(Fig. 12.3d).

12.4.5 Calcium and Magnesium (Ca and Mg)

Concentration of calcium is ranging from 8 to 122 mg/l with a mean value 46.59 mg/
1 and standard deviation of 23.54. According to the WHO (2004), the permissible
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limit of calcium concentration in groundwater is 200 mg/l which indicates that all the
sample wells are within the safe limit. Magnesium concentration in groundwater is
observed between 5 and 60 mg/l with an average value of 24.48 mg/l. The permis-
sible limit of magnesium is 150 mg/l recommended by the WHO (2004). Therefore,
all the sample wells are under permissible limit of magnesium concentration. The
major source of calcium and magnesium is the leaching process of silicate minerals
(Srinivasamoorthy et al. 2008).

12.4.6 Sodium and Potassium (Na and K)

Sodium is a vital element for human life, but high sodium content in drinking water
causes numerous health complications like high blood pressure, hypertension, ner-
vous system disorder, etc. (Gupta et al. 2008). Higher amount of sodium causes
unsuitability for irrigation purpose also. Here, sodium concentration is ranging from
16 to 151 mg/l with a mean value of 64.45 mg/I and standard deviation of 32.97. All
the sample wells are within the permissible limit (200 mg/l) by the WHO (2004).
Na* concentration is relatively higher in Barabani, Durgapur and Andal (Fig. 12.3g)
blocks. Sodium is formed here from both natural, i.e. presence of gneissic rocks like
feldspar, pyroxene, amphiboles, etc., and anthropogenic sources, i.e. industrial
waste, leaching from landfill and sewage, etc. (Gupta et al. 2008; Srinivasamoorthy
et al. 2008; Baba and Tayfur 2011).

Potassium, an important natural-occurring element, is formed due to the presence
of orthoclase, hornblende and microcline in igneous rock (Gupta et al. 2008). High
concentration of potassium causes several health hazards like heart disease, coronary
diseases, artery attack, hypertension, etc. (WHO 2009). Potassium concentration in
groundwater is found between 0.3 and 80 mg/l. The uppermost permissible limit of
potassium concentration in drinking water is 12 mg/l (WHO 2004). Two sample
wells, located in Andal and Faridpur Durgapur, are beyond the permissible limit of
the WHO (Fig. 12.3h).

12.4.7 Bicarbonate (HCO3)

Presence of high bicarbonate in groundwater reduces the irrigational suitability of
water. According to WHO (2003) recommended that the maximum permissible limit
of HCOj3 is 180 mg/l. HCOj; concentration in groundwater is high in the north-
western section of the study area due to the presence of Chota Nagpur granite
gneissic complex made up of granite gneiss and migmatite. In the study area, the
value of HCO; varies from 37 to 482 mg/l. About 61% of the sample well beats the
permissible limit of the WHO. Due to weathering of silicate minerals (quartz,
feldspar, etc.), HCO5 concentration is high (Boateng et al. 2016) in the study region.
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12.4.8 Chloride (CI)

Higher concentration of chloride causes bad taste in drinking water and may result in
hypertension and osteoporosis (McCarthy 2004). Chloride, mixing with sodium
(Na), forms NaCl which makes the water saline. Chloride is coming from different
anthropogenic sources like industrial effluent and sewage and agricultural applica-
tion, i.e. inorganic fertilizer (Karanth 1987). The concentration of chloride ranges
from 14 to 312 mg/l with an average value of 98.18 mg/l and standard deviation of
72.02 which indicates that concentration of Cl varies throughout the region. Con-
centration is low to moderate except a few patches like Durgapur Municipality
Corporation, Andal and Kulti, where the amount is higher than the WHO’s permis-
sible limit (250 mg/l) (Fig. 12.3j). As the chloride ion is highly mobile, it can be
easily transported. There is a strong positive co-relation with the concentration of
chloride and EC (Prasanth et al. 2012).

12.4.9 Fluoride (F)

In drinking water, low level of fluoride concentration (below 1.5 mg/l) is good for
human health because it helps in bone development and prevents dental decay. High
level of fluoride concentration causes serious health problems like dental fluorosis,
skeletal fluorosis, hyperparathyroidism, etc. (Thapa and Reddy 2017). In the present
test area, concentration of fluoride varies from 0.08 to 1.5 mg/l. In all the sample
wells, fluoride concentration is within the permissible limit recommended by the
WHO (2004). Concentration of fluoride is relatively high near Kanksa, Barabani and
Salanpur (Fig. 12.3k). Natural sources like alkaline soil and presence of caliche
nodules in lateritic soil and the anthropogenic sources like application of phosphate
fertilizer in agro-field occur fluoride contamination in groundwater in this area.

12.4.10 Iron (Fe)

Iron is another major element in our human body, but concentration of high amount
of iron, i.e. >0.3 mg/l (WHO 2011), in drinking water results in serious health
problems, viz. haemochromatosis, digestion problem, diabetes, skin diseases, etc.
(WHO 2011). Iron concentration is relatively high in the lateritic terrain of the
eastern section of the study area due to presence of iron nodules (Thapa et al. 2018b).
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12.4.11 Sulphate (SO,) and Phosphate (PO,)

Sulphate does not create any health hazard, but the presence of higher concentration
of sulphate makes water bitter taste and bad odour. Concentration of sulphate varies
from 2 to 200 mg/1 with standard deviation of 45.64 and a mean value of 59.84 mg/I1.
All the sample wells are within the allowable limit (400 mg/l) of the WHO (2004).
Sulphate has been originated both naturally and anthropogenically. Although
sulphate-bearing minerals, i.e. gypsum, are absent in the test area, the concentration
of SOy is high (Fig. 12.3m). Here, seepage of chemical fertilizer, organic material,
industrial effluent and sewage collectively influence the sulphate concentration
(Baruah et al. 2008; Jeevanandam et al. 2012).

Phosphate concentration is low to average throughout the area except a few
pockets near Durgapur, Pandabeswar, Asansol and Barabani. The concentration of
phosphate ranges between 0.01 and 0.7 mg/l with a mean value of 0.1. The rocks,
containing phosphate ion, apatite, amphibolite, biotite and garnet, all have a signif-
icant influence on the occurrence of POy in the present study area (Srinivasa Rao and
Rajendra Prasad 1997). Agricultural fertilizers, industrial effluents and sewage rich
with phosphate are other important sources of PO, in groundwater (Akpabli and
Drah 2001; Sinha et al. 2000; Akoto et al. 2010). Figure 12.3n shows that high
concentration is mainly found in the industrial area.

12.4.12  Silica (Si0;)

Silica concentration varies from 16 to 30 mg/l with a standard deviation of 3.98.
Weathering of silicate minerals within rocks and agricultural activates are major
responsible factors for silica dissolved in subsurface water. In the study area,
maximum silica concentration is observed in the plateau fringe area (Fig. 12.30),
where weathering of silicate minerals is predominant.

12.4.13 Co-relation Analysis

Table 12.4 shows the correlation matrix of the chemical parameters of groundwater
which depicts the linear relationship between two or more variables (Rawat and
Tripathi 2015). The result illustrates a strong positive association between TH and
EC (0.817), Ca (0.887) and Mg (0.848) and moderate correlation with HCO5 (0.557)
and SO, (0.477). Those parameters are responsible for permanent hardness of
groundwater. The ions Cl, TH, Ca, Mg and Na all are positively associated with
EC, and there is a moderate positive association between EC and K (0.561) and SO,
(0.538) (Table 12.4). It confirms that the electrical conductivity is fully controlled by
the presence of soluble salt content. The correlation matrix shows the significant
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relationship between Cl, SO,, Na, Mg, Ca and K which indicates the subsurface
hydrology is largely controlled by the leaching process and dissolution of soluble
salts. Due to the presence of soluble substances, the nature of groundwater is mild
alkaline.

12.4.14 Factor Analysis

To extract the factors, here, principal component analysis was performed using
varimax rotation with Kaiser normalization. In this method, four significant factors
were extracted with eigenvalue of greater than one (Davis 1986) which explain total
variance of 71.358%. Factor 1 has 42.456% of total variance with positive loadings
on electrical conductivity (0.936), total hardness (0.890), calcium (0.794), magne-
sium (0.792), sodium (0.597), potassium (0.650), bicarbonate (0.663), chloride
(0.907) and sulphate (0.634) (Table 12.5). Factor 1 can be considered as salinity
factor. Those chemical components represent the contribution of both natural (dis-
solution of rocks and minerals) and anthropogenic sources (chemical fertilizer,
industrial effluent, sewage, etc.). Factor 2 explains 11.796% of total variance with
strong positive loadings on phosphate (0.728) and sodium (0.597), and the negative
loading is on SiO, (—0.781), which implies that the geochemistry of groundwater is
controlled not only by the interaction with geology but also by contamination by the
chemical fertilizer, industrial effluent and urban sewage. Third and fourth factors
explain 9.099% and 8.007% of total variance, respectively. Factor 3 shows a very

Table 12.5 Rotated component matrix

Component

1 2 3 4
pH 0.082 —0.046 0.920 0.073
TDS 0.952 0.220 0.052 —0.045
EC 0.952 0.220 0.052 —0.045
TH 0.880 0.070 0.027 —0.199
Ca 0.782 0.035 0.113 —0.140
Mg 0.789 0.112 —0.008 —0.207
Na 0.625 0.538 —0.066 —0.049
K 0.645 —0.339 0.165 0.092
HCO; 0.685 0.448 0.253 0.045
Cl 0.916 0.198 —0.142 —0.004
F —0.088 0.089 0.208 0.841
Fe —0.228 —0.235 —0.442 0.638
SO, 0.625 —0.125 0.125 —0.071
PO, 0.097 0.724 -0.210 —0.022
Si0, —0.017 —0.781 —0.205 —0.001

Extraction method: Principal component analysis
Rotation method: Varimax with Kaiser normalization®
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strong positive value of pH (0.920), and factor 4 has a strong positive loading on
fluoride (0.850) and iron (0.636). pH is controlled by the presence of soluble ions
like Na*, Ca®*, Mg?*, CI~, HCO;~ and SO,. Presence of clay minerals, i.e. kaolinite
and illite, also controls the pH level of groundwater. Fluoride and iron both are
originated due to dissolution of minerals and rocks.

12.4.15 Hierarchical Cluster Analysis

Cluster is also a multivariate statistical measure for the categorization of homoge-
neous groups of the variables. In statistics, there are various methods to prepare
clustering, viz. K-means cluster, step clustering, hierarchical cluster, etc. In this
study, hierarchical cluster has been applied to identify the homogeneous grouping as
it has been a widely accepted technique, and for grouping of homogeneous chemical
variables, it is the most applied method (Davis 1986).

With the help of Euclidean distance method, hierarchical cluster programming
has been done using the of 43 subsurface chemical water samples data, and the
dendrogram shows three clusters on the basis of homogeneous chemical composi-
tion. Within cluster 1, there are 13 villages with higher amount of TH (301.54), Ca
(60.31), Mg (36.77), Cl (175.85), SO4 (76.69) and PO, (0.22). Cluster 2 is com-
prised of 67.44% of sample villages with higher concentration of F (0.58 mg/l) and
Fe (0.12 mg/l). Cluster 3 shows that only one sample falls under this group due to
high concentration of pH (8.00), TDS (794.88), EC (1242), Na (112), K (9.80),
HCO; (323.0) and SiO, (27.0) (Fig. 12.4)..

Fig. 12.4 Hierarchical cluster analysis
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12.4.16 Mechanism Regulating the Groundwater Chemistry

With the help of Gibbs diagram, one can easily assess the mechanism which
regulates the groundwater chemistry. In the year 1970, Gibb depicted three func-
tional sources, i.e. evaporation dominance, rock dominance and precipitation dom-
inance, which affect the groundwater chemistry as well as the quality (Loganathan
and Ahamed 2017). Gibbs ratio was represented in formulas 12.3 and 12.4:

J

(CI” + HCO;5™)

Nat + K+
(Na® + K" + Ca*")

Gibbs Ratio I (for anions) = (12.3)

Gibbs Ratio II (for cations) = (12.4)

Figures 12.5 and 12.6 reveal that above 90% samples fit to the category of rock
dominance. So, this result designates that almost all samples of the study area are
influenced by the rock weathering.

12.4.17 Evaluation of Groundwater Quality
12.4.17.1 Water Quality Index

To extract the quality of groundwater for drinking propose, water quality index has
been widely used (Tiwari and Mishra 1985; Subba Rao 1997; Mishra and Patel
2001). Here, 12 chemical parameters (pH, EC, Ca, Mg, Na, K, HCO;, Cl, F, SO,
PO,4, TDS) of 43 sample villages from Paschim Barddhaman district have been used
to regulate the water quality of subsurface water. There are five steps to calculate the
WQL

In the first step, weightage (w,) has been given to all the parameters in referenced
to their importance. Higher weight has been given to parameter which has a major
importance in water quality and vice versa.

In the second step, the relative weightage (Rw;) has been calculated using
equation no. 12.5:

Rw; =wi/ Y _w; (12.5)

where w; is the weightage of the individual parameter and Y w; is the summation of
individual parameter.
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Figs. 12.5 and

12.6 Mechanism
controlling the chemistry of
groundwater. (After Gibbs
1970)

In the third step, quality rating scale (Qi) has been calculated from the following
equation:

Qi = (Ai/Si) * 100 (12.6)

where Ai is the actual value of the parameter and Si is the drinking water quality
standard prescribed by the WHO (2011).

In the fourth step, Sub indices (SI) has been calculated by ST = Rw; x Q; (12.7)
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Fig. 12.7 Drinking water quality map

And finally WQI has been computed using the following formula:

WQI = "SI, (12.8)

Groundwater quality indices are ranging from 30.60 to 136.05 value, and on the
basis of WQI value, 39.53% of the sample villages fall under excellent category, and
55.81% of samples fall into good category, and only 4.65% of samples are under
poor category (Fig. 12.7).

12.4.17.2 Irrigation Suitability

As Indian rainfall is irregular and seasonal, irrigation is a prime factor for the
agricultural development of a region and groundwater accounted as the secure
source of irrigation. The quality of groundwater largely affects the cropping yield.
Therefore, the evaluation of groundwater suitability is very much needed for the
irrigation potentiality analysis (Prasanth et al. 2012; Nagarajua et al. 2014; Singh
et al. 2015). The parameters like sodium percentage (Na%), sodium absorption ratio
(SAR) and permeability index (PI) have been applied to evaluate the groundwater
suitability for irrigation purpose.
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Fig. 12.8 Quality for irrigation through the Wilcox diagram

(i) Sodium Percentage

For irrigation purpose, the determination of sodium percentage of water is urgent
because excessive sodium content affects the soil structure which has a negative
impact on agriculture (Gupta et al. 2008). Sodium percentage is calculated as

(Na® 4+ K*) x 100

N =
a%k (Ca* +Mg"Nat +K")

(12.9)

According to sodium percentage, the groundwater can be categorized into five
groups, i.e. excellent (<20%), good (20—40%), permissible (40-60%), doubtful
(60-80%) and unsuitable (>80%) (Wilcox 1955). Here sodium percentage ranges
from 21.21 to 72.06%. About 67.44% of samples fit to the good category, 27.90% in
permissible category, and only 4.65% in doubtful category (Fig. 12.8). Single one
sample falls neither in the excellent nor unsuitable category. Here, the Wilcox
diagram has been taken up to classify the groundwater for irrigation purpose. It
shows that groundwater samples occupy the field of excellent to good (76.74%),
good to permissible (16.28%), permissible to doubtful (4.65%) and doubtful to
unsuitable (2.33%) for irrigation.

(i) Salinity and Alkalinity Hazard

Highest concentration of salinity content in irrigation water stunts the plants’
growth because of the osmotic pressure in soil and specific ion toxicities (Lauchli
and Epstein 1990). High amount of sodium in groundwater decreases the soil
permeability which reduces the soil infiltration capacity and leads to water
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Fig. 12.9 US salinity diagram indicating the groundwater quality for irrigation

stagnation. High sodium content also affects the soil structure because it displaces
calcium and magnesium ion in soil which diminishes the soil aggregation capability
(Arveti et al. 2011). To determine the sodium hazard, sodium absorption ratio (SAR)
is one of the most significant criteria (Todd and Mays 2005). The sodium absorption
ratio has been computed using the following equation:

+
SAR = Na (12.10)

[(Ca®* +Mg?) /2]

In the study area, SAR value ranges between 0.89 and 5.72 which indicates that
most of the samples belong to excellent category (Richards 1954). The US Salinity
Laboratory Diagram (US Salinity Laboratory Staff 1954) has been employed to
classify the groundwater based on salinity and alkalinity or sodium hazard, and it
shows that the ion part of the samples (95.34%) falls within the group of C3S1 (high
salinity and low alkalinity) and C2S1 (medium salinity and low alkalinity). Only two
samples, i.e. Raghunathpur and Gourandhi, belong to the group of C1S1 (low
salinity and low alkalinity) and C3S2 (high salinity and medium alkalinity), respec-
tively. Salt-tolerant crops should be cultivated in those areas where groundwater falls
in the group of C3S2 and C3S1. Land with a good drainage status is needed for that
category of water (Fig. 12.9). The samples belonging to the C1S1 and C2SI
categories are favourable for irrigation purpose in all types of soil.
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(iii) Permeability Index

Based on PI, irrigation water can be classified into three categories good, mod-
erate and poor (Donnen 1964). Permeability index has been calculated using the
following formula:

{NA + (HCO3)0‘5} % 100

PI= (Na+ Ca+ Mg) (12.11)

In the study area, PI value ranges from 22.78 to 74.69, which reveals that all the
samples are under the good category.

(iv) Magnesium Hazard

Calcium and magnesium collectively conserve the equilibriumity of water.
Excess amount of magnesium in irrigational water causes low agricultural produc-
tion (Nagarajua et al. 2014). To calculate the magnesium ratio, the following formula
has been computed (Paliwal 1972):

Mg+ x 100

Magnesiumratio = —=——————
g (Ca2+ + Mg2+)

(12.12)

In the present study area, MH varies from 16.11 to 72.22. About 34.88% of
samples belong to the unsuitable category, and 65.12% are suitable for irrigation.
Irrigational water is unsuitable for agriculture in Jamuria I and II.

12.5 Conclusion

Groundwater hydro-geochemistry of Paschim Barddhaman district has been evalu-
ated to identify groundwater quality for domestic and agricultural purposes and also
to identify the major determinants of groundwater quality. Hydro-chemical data of
sample villages reveal that the nature of subsurface water is slightly alkaline and
most of the parameters are within the allowable limit recommended by the WHO for
drinking water purpose. But the concentration of bicarbonate, chloride and potas-
sium is beyond the permissible limit of the WHO in a few sample villages. The PCA
results determine that the physico-chemical character of groundwater is not only
controlled by the dissolution of rocks and minerals but also the leaching process
from chemical fertilizers, industrial effluents, sewage, etc. due to anthropogenic
activities. Gibbs plot shows that the hydrochemistry of the groundwater is influenced
by rock weathering as the major part of the test area belongs to plateau fringe of
Chota Nagpur. Water quality index informs that about 93% of the sample villages
have excellent to good category of water. Majority of the sample villages show that
groundwater is suitable for irrigation purpose except a few villages. Therefore, this
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kind of study not only help to assess the present quality of groundwater, but also it
may help the decision makers to take appropriate policy design in management of
subsurface water quality in such kind of problematic region.
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FROM MERGER TO DE-MERGER: A STUDY ON THE PRINCELY STATE OF MANIFUR (1949 -
1958)

Mansjit Das
Assistat Professor of History, Hiralal Bhakat College, Nafhati, Birbinmm

Palicy of the interin Government of India tawards the Native States was moee or less clearly defined in
Jw.lﬂ?.cmmmmﬂmmmmmmﬂmmmmm
Minister. Such policy visualizes the wwxyer of the Native Staes with Indisn Dominion after the British transfer
of powers to the Indian bands. ‘Thus, merger of Manipur with India was inevitable for the Suocessin]
implementation of such policy.!

On the 15% of October, Manipur wes merged inko Indin. This historic event marknd the end of an eru of
“Independent™ Kingdom of Manipur and the beginning of a new one, that of a “Censtituent'Stwie” of the Indlan
Union. This political integtation was a significant development in the Political History of Manipur 2

The mexger of Manipur indo the political boundary of the Indlan Union was & grest significont political
development in the histocy of Manipur. Tt produced two imporiant Historical impacts. Firstly, this event marksd
the end of xn era of the “Independent Kingdom of Manipur® snd sscondly begiening of & new historical period of
a congtiment stute of the Indin Union. Many fiotss were responsible for the emengence of this compeliing
phenomenon, But the immediote factor may bo diveotly relsted with the result of the election of 1948,

It is n well-kmown foct thet right from the very beginning the leaders of the congress party of ndix had
adopted a fwm policy to bring all princely states (cither protaciorate of Colonial Staxe} during (he Britidh regiwe
into the: political bovndary of the Indian Usion. Tt wes clearly evident by the resolution of the Congress party held
o 15% June, 1947 in which they openly declared that ao peincely stase in ndia shoudd bo allowed to keep nloof
83 & Sovercign independent siate. While this feeling was in ti minds of the political leaders, Budhachandrs
MﬂﬂMﬂfHﬂﬂpNﬂlewwmhhmmm card by skgning the
'Etudsﬁll.hm*unﬂnllﬁlum,lgﬂ.ﬁmwﬁghﬂﬂ:mlhmuuadhhndm
mﬂmﬁmmmmmmmmmmmﬂmﬂ
ﬂmmmmmmmmhdhwmmwmmof
the Donindon Ageat. The scceptinoe of this conditions by Malirajs kad crested a Lot of confasion s the political
satus of (he staie. This wag (he opporiunity wwumammmammnm
to materialize their plan end 10 caimy out their actlon very sinaathly, they sppointed one Devestrwar Sharms who
wag the Chiel Whip of the Manipur. The appointnwnt of Devashwar Shanma itoelf was & grest achievement of
mm&mmﬂm&uﬁmﬁthﬁnﬁhﬂmmhrwﬂhﬁhdmﬂn
wmmmmn-ﬂmmﬂrmmmm.mm-a
Dowminion Agent was a deliberate caloulated move of the cougress Jeaders of Indin, in order to materialize the
ﬁmmmwﬁnwﬁmmﬂmﬂﬁhmﬂmﬂHMSEMHﬁnﬁﬁ#
ﬂmﬂﬁmdﬁdﬂdhﬁuﬁﬂtﬂﬂ:“hﬁmmﬂmhmu{wm'm
abolished on the 22 August, 1948

Tmposition of the ndia Govemment policy for imorferences in the inteenal affairs of Masipur throwgh it
mwguﬂﬂwmummuﬁmﬁmﬁhdwwﬁ
Litkol Historical Research Josrned, ISSN : 0976-2132 Pol-34.No-2 2021 oiis
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