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PREFACE

Water is vital for life and the right to clean drinking water is recognized as a
fundamental human right. Water pollution and scarcity have become essential issues
worldwide and will continue to be so in the future. In order to use and sustainably
conserve groundwater resources, it is essential to implement efficient groundwater
management strategies.

Water quality monitoring has become an important exercise that helps in
evaluating the nature and extent of pollution. In water quality analysis, the hydro-
chemical study reveals whether the quality of water is suitable for drinking or agriculture
purposes. It is also possible to understand the change in quality due to rock-water
interaction or any type of anthropogenic influence.

The study area Kohima town, is the capital of Nagaland state, situated in the
northeastern region of India and is located between Latitudes 25°37'30" N to 25°42'32"
N and Longitudes 94°04'40" E to 94°07'34" E. It has a total area of 915.43 hectares and
lies at an elevation of 1444 meters above mean sea level. The geology of the study area
comprises the Disang, Disang-Barail Transitional Sequence and Barail Group of rocks
made up mostly of shale, sandstone and siltstone. The rocks in the area are highly

fractured, splintery, sheared and weathered through which groundwater moves.

The rise in population and urbanization have resulted in a significant increase in
water demands and water quality degradation becomes an important issue. As a result, it
becomes essential to analyze and monitor groundwater quality on a regular basis. The
present study aims to assess the quality of groundwater in Kohima town by using
geological, geochemical and geophysical methods. GIS-based maps have been used to

better understand the hydrological conditions of the study area.

The results of the study are presented in seven chapters addressing various parts
of the research. The first chapter presents the general information on the study area,
literature review and the aim & scope of the research work.

The second chapter includes the regional geology, geology of Nagaland and
geology, hydrogeology of the study area along with the hydrological data.

The third chapter describes the methodology including various field and
laboratory techniques that is done in the study.
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The fourth chapter studies the subsurface geology in the study area to find the

potential layer for groundwater using the geoelectrical VES resistivity method.

The fifth chapter discusses the hydro-geochemistry of groundwater in the study
area. The major type of water, major ion chemistry and factors affecting the
hydrochemistry and quality of groundwater are discussed in this chapter. Statistical
techniques are used to determine the important physico-chemical parameters of

groundwater in this study area.

The assessment of groundwater quality for drinking and irrigation purposes is

presented in the sixth chapter.

The seventh chapter gives the summary and conclusions of the whole work done

in the study area.

The results of this study are likely to provide much-needed information about the
groundwater quality, especially for drinking and irrigation purposes and the effects of
anthropogenic activity on the groundwater of Kohima town. They will serve to provide a
broader knowledge of the town's groundwater resource management which will be

helpful for related future research.
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CHAPTER 1
INTRODUCTION

1.1  INTRODUCTION

Water is the most vital component of any area's growth, and human habitation is
highly dependent on the availability of water resources. 96.5% of the earth's surface is
covered by seas and oceans, 1.7% by glaciers and ice caps, 1.7% by groundwater, 0.001%
by vapour and clouds in the atmosphere, and a minor proportion in other major bodies of
water. Only 2.5% of this water is freshwater, with 98.8% being in ice and groundwater.
Less than 0.3% of total freshwater is in lakes, rivers, and the atmosphere, and an even
smaller quantity (0.003%) is in living organisms and manufactured items.

The water on the earth is constantly moving in the water cycle and changing its
chemical composition and components. The water below the earth's surface is divided
into two components: the vadose water, which occurs above the saturation zone where
the void spaces are filled with water and air. The second component is the groundwater,
which occurs in the saturation zone and fills all the interconnecting spaces in the rocks
with water. Water levels can change due to variances in groundwater supply and
withdrawal.

Groundwater is one of the primary sources of water supply worldwide and is used
mainly in domestic, irrigation and industries (Todd, 2013). Groundwater occurs in
weathered areas, mainly along the joints and fractures of rocks. As a source of water
supply, groundwater offers several significant benefits over surface water. Groundwater
is typically of greater quality, more resistant to pollution and illness, less susceptible to
seasonal and perennial changes, and more consistently dispersed across broad regions
than surface water. In regions where there is no surface water, groundwater is usually
accessible.

Groundwater development has a long history. Understanding the origin,
occurrence, and transport of groundwater came much later. By the late seventeenth
century, a good knowledge of the hydrologic cycle had been gained. Fundamentals in
geology were developed during the eighteenth century providing a foundation for
understanding the occurrence and flow of groundwater. Many artesian wells were drilled
in France during the first part of the nineteenth century, sparking interest in groundwater.

Darcy's rule (1856) governs groundwater flow in most alluvial and sedimentary
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formations and was formulated by the French hydraulic engineer Henry Darcy after
studying the movement of groundwater through the sand.

The assessment of India's water resources dates back to 1901 when the First
Irrigation Commission estimated the surface water resources to be 144 million hectare
metres (M.ham) (NABARD, 2006). Since then, several committees formed by the
government of India have made attempts from time to time to assess the country's
groundwater resources based on existing data and in accordance with developmental
requirements.

India is the world's greatest consumer of groundwater. It consumes an estimated
230 cubic kilometres of groundwater each year, accounting for more than a fourth of the
world’s total. Groundwater has increasingly evolved as the core of India's agricultural and
drinking water supply. Groundwater contributes almost 85% of rural water supply, 62%
of irrigation, and 50% of urban water supply. Due to unpredictable and insufficient
municipal water supply, urban people increasingly rely on groundwater. Groundwater
quality is deteriorating due to geogenic and anthropogenic activity, causing major
concern.

According to the CGWB, the total annual groundwater recharge in the nation (as
01 2020) is 436.15 billion cubic metres (bcm). Taking into account natural discharge, the
annual extractable groundwater resource has been estimated to be 397.62 becm. The annual
groundwater extraction is 244.92 bem, and the average stage of groundwater extraction
in the nation is around 61.6%. India is the world's greatest consumer of groundwater. It
consumes an estimated 230 cubic kilometres of groundwater each year, accounting for
more than a fourth of the world’s total.

Due to erratic and insufficient municipal water supply, urban people are
increasingly dependent on groundwater. Water quality is a major concern for humanity
since it is directly related to human well-being. Water quality issues are mostly caused
either by humans or industrial operations. Several centuries ago, there were minimal
quality concerns when populations were low and widely spread, and significant industrial
discharges were nonexistent. Nonetheless, with development, populations increased in
cities, and significant quantities of waste were disposed of into streams without safe and
hygienic disposal methods. These circumstances frequently resulted in catastrophic
epidemics of cholera, typhoid, fever, and other water-borne diseases. As a result of rising

urbanization, these issues were increasingly serious in the nineteenth century.
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There is significant worry about groundwater quality decline caused by geogenic
and anthropogenic practices. Anthropogenic pollution/contamination occurs when the
primary source and cause of groundwater quality degradation are due to human activities
such as municipal, industrial, and agricultural operations. The phrase geogenic
pollution/contamination, on the other hand, refers to naturally occurring increased
concentrations of specific elements in groundwater that have a detrimental health impact.
Geogenic contamination of groundwater may result from geochemical properties of the
aquifer material, high concentrations of elements in rock matrix dissolved during rock-
water interaction, or from environmental conditions such as a variety of climatic
conditions, redox conditions in the aquifer, and groundwater flow congestion, which
allow the contaminant to enter the aqueous phase. The flow of groundwater is from the
upstream to the downstream, which is a natural phenomenon, and in this process, water-
rock interactions can occur, thus naturally increasing the concentration of ions in
groundwater (Todd, 1980; Hem, 1991). Additionally, ionic concentrations can also be
increased by anthropogenic activities (Subba Rao, 2002; Subba Rao et al., 2012; Li et al.,
2016).

Groundwater quality is as important as quantity when evaluating groundwater
resources. Groundwater is a renewable resource with inherent benefits over surface water.
Because of population development, there has been a significant increase in the need for
fresh water. The quality of groundwater varies according to the depth of the water table.
As a result, assessing water quality is as crucial as determining its quantity. The quality
of groundwater provides vital clues to the geological record of rocks as well as signs of
groundwater recharge, discharge, transport, and storage. The solutes and gases dissolved
in water, along with materials suspended in and flowing in the water, influence water
quality. As a result, monitoring water quality is a vital activity that aids in determining the

kind and degree of pollution control that is needed.

1.2 GROUNDWATER IMPORTANCE
Groundwater is an excellent source of water for a variety of reasons, including:

e Groundwater is often of good quality, and it requires far less treatment than river

water which can be used for drinking purposes.
e Groundwater performs a variety of functions in both our environment and society,

especially during the dry months when there is minimal direct input from rainfall.
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e The movement of groundwater into rivers through seepage through the river bed,
known as baseflow, is important for the survival of aquatic species and plants.

e [tis frequently found in areas that have a limited supply of surface water.

e The quality does not vary greatly throughout the year, which can be important for
industrial use.

e Groundwater does not need the construction of costly reservoirs to store water
before it is used.

e Because groundwater responds slowly to fluctuations in rainfall, it remains
available during the summer and drought seasons when rivers and streams have
run dry.

e Groundwater, unlike other natural resources, is available all over the earth and can
be obtained throughout the year if appropriate replenishment is done and the

source is safeguarded from contamination.

1.3 LOCATION AND ACCESSIBILITY

The study area, Kohima town is located in India's North Eastern Region. It is
situated in the Kohima district, the capital of Nagaland state, which is the sixteenth state
to be established in the Indian Union. Nagaland is bordered by Myanmar to the East and
the neighbouring states of Arunachal Pradesh to the North, Assam to the West and
Manipur to the South. Kohima is located in the Japfii region of the Barail Range, south of
the district. It lies between Latitudes 25°37'30” N to 25°42'32" N and Longitudes
94°04'40" E to 94°07'34" E and falls in the survey of India Toposheet No. 83 K/2.

Kohima is well connected to the rest of the country and other parts of the state by
road networks like National Highway 2 and National Highway 29, while the nearest train
station and airport are located 74 kilometres away in Dimapur city. The Dimapur-Kohima
Highway is a tolled four-lane dual road in Nagaland that connects Kohima with the state's
major city, Dimapur. The study area boundary has been demarcated based on the
availability of wells and a buffer distance of 50 metres around the wells was drawn to
mark the boundary. The research area has a total area of 915.43 hectares. The landscape
in the study area is undulated and rugged, having a hilly environment mostly with
elevations ranging from 800 to 1500 metres above mean sea level, and the highest
elevation within the town is 1528 metres above mean sea level. The highest elevations in

the vicinity of the town include Puliebadze at 2296 metres above mean sea level and Japfii
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peak at 3048 metres above mean sea level, with general elevation increasing to the south.

The location map of the study area is shown in Fig. 1.1 and Fig. 1.2.
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1.4  HABITATION

Kohima was originally a big village called Kewhira, which is now a part of the
Kohima Urban Area. The major indigenous inhabitants of Kohima town are the Angami
Nagas. Kohima being the capital of the state, is inhabited by all tribes of Nagaland as well
as some communities from mainland India. Kohima is one of the smart cities under the
Smart Cities Mission under the Government of India and is a rapidly developing city.
According to Census India 2011, the Kohima Municipal Committee has a population of
99,039 people with 22,312 households. Kohima is a hilly region and most of the houses

are constructed on steep slopes.

1.5 CLIMATE AND RAINFALL

The study region lies in the humid tropical climatic zone and the average rainfall
is around 2000 mm. There are around nine rainy months where the majority of rain falls
between June to August, with sporadic rain from September through October. Winter is
bitterly cold, with minimum temperatures as low as 2°C. The coldest months of the year
are December and January. Summer is mildly warm, with an annual high temperature of
28°C. Cloudbursts are a typical occurrence in parts of the state, particularly Kohima and
storms are common in seasonal periods. The area experiences south-east monsoon and
rainfall in the study region has a high spatial and temporal variability. The influence of

climate change has resulted in major changes in the mean rainfall pattern.

1.6 LAND USE LAND COVER (LULC)

The most effective method for generating LULC in any area is by using satellite
Imageries through the aid of visual interpretation method. The same method has been
employed in generating LULC in the present study. The aid of Google Earth image forms
the base layer for the classification. The methodology of the National Remote Sensing
Centre (NRSC) scheme classification was used.

As per observation from the LULC classification, the agricultural activities
covering an area of 2.55 Ha includes Jhum paddy, maize, cabbage, potato, tomato, etc.
which are a source of livelihood. Some of the areas also include livestock rearing, poultry
farming etc. Builtup-Urban covers a maximum area of 909.96 Ha. The area includes
infrastructure buildings, residential areas, community, institutions, government buildings,
recreational parks etc. The forest area (0.95 Ha) comprises mostly of open to moderately
dense as per the canopy coverage. Sokhriezie Pond which consists of an area of 0.2 Ha is
located at the centre of the study area and acts as an attraction spot for local people.
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Scrubland comprises mostly of culturable wasteland which is left fallow after jhum
activities and is predominantly secondary forest regeneration, shrubs and bushes. The area

statistics and LULC map is shown in Table 1.1 and Fig. 1.3, respectively.

Table 1.1: LULC Classification of Kohima town

LULC Categories Area (Hectare) Area (%)
Agricultural land 2.55 0.278558
Builtup-Urban 909.96 99.40247
Forest 0.95 0.103776
Pond 0.2 0.021848
Scrubland 1.77 0.193352
Total 915.43 100
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Fig. 1.3: LULC map of the study area
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1.7  SOIL
The soil is an essential component of Nagaland's terrain and geography, and the
soils are formed from tertiary rocks of the Barail and Disang formations. They are
grouped into alluvial and residual soils, which are as follows:
1) Alluvial soils: Alluvial soils are more fertile and usually found in low-lying regions
in the west and along river banks.

1. Recent alluvium (Entisol)- Recent alluvium, also known as Entisol, is
found mostly in the western and southwestern parts of the state.

ii.  Old alluvium (Oxizols and Ultisol)- The old alluvium is found primarily
in the north-western part of Nagaland, bordering the state of Assam along
Sibsagar District.

iii.  Mountain valley soil (Entisol)- They have pH in the range of 4.4 - 4.6, and
span approximately 224.8 sq. km, which are found mostly in the valleys
of the state's central and eastern regions.

2) Residual soils: The residual soils are porous and have light textures and they
predominate across much of Nagaland.

i.  Laterite soils (Oxizols and Ultisol)- The most prevalent soil type in the
state is laterite soil, which is found in the mid-southern and eastern
regions. It has a pH range of 4.2 to 4.5 and makes up 4,495.8 sq. km of
Nagaland's total land area.

ii.  Brown forest soils (Mollisols and Inceptisols)- The brown forest soils
cover 4,952.7 sq. km of Nagaland’s total land area and have a pH content
of 5.3-5.8, which are found in the intermediate high hill ranges. The
incepticols have fine soil textures of loamy clay, fine clay and fine loamy
clay.

iii.  Podzolic soils (Spodosols)- Podzolic soil covers about 4,835.0 sq. km. of
Nagaland's central, southern, and eastern regions. They are found at high
altitude in humid and temperate climates and has a pH range of 5.4 to 6.0.

The soil type found in the study area is composed of Entisols, Inceptisols and

Ultisols.

1.8 GEOMORPHOLOGY
The topography of Nagaland is mostly characterised by regular intervals of hills
and valleys trending NE to SW. The structural trend associated with the history of
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orogenic tectonics governs the general topography. The hills have rugged terrain with
long continuous parallel ridges separated by deep and narrow river valleys where active
erosion and weathering processes are still taking place. Kohima district is classified
geomorphologically into Low to Moderate Hills, Moderate Structural Hills, Denudo-
Structural Hills and High Structural Hills.

e Low to Moderate Hills - In the western section of the district, low-lying dissected,
sub-parallel hills orientated in NE-SW with little valley development are found.
Sandstone, siltstone, shale, and mudstone are the rock types found in these hills.

e Moderate Structural Hills - The district's north-central region is dominated by
moderately high linear structural hills with narrow valleys. Hills are made up of
semi-consolidated sandstone, siltstone, shale, and claystone and are prone to
erosion.

e Denudo-Structural Hills - Linear, curvilinear, and irregularly shaped denuded hills
linked with smaller valleys are found in the district's south-central region. These
are mostly semi-consolidated sandstone and shale with a reduced degree of
erosion.

e High Structural Hills - Long parallel to sub-parallel linear hills which are rigid,
occupy the district's central and south-western areas. These consist primarily of
hard and compact sandstone, shale, and siltstone with little erosional activity.
The study area Kohima town is established along the linear ridge, which trends

NNW-SSE and it has moderate slopes on each side of the ridge with a slight depression
at places. The terrain in the study area consists mostly of moderately and highly dissected
hills and valleys. This area has a relatively rugged landscape with sub-rounded hills,
narrow valleys, deep gorges, and such. The southern hill ranges, which are covered with
evergreen forests, are quite rugged and cultivation is done on the lower slopes of the hills.
Hilltops and ridges have the least potential for groundwater accumulation since there is
little rainwater infiltration into the subsurface, whereas narrow river valleys have the most

potential.

1.9 DRAINAGE
The drainage pattern in Kohima is asymmetrical, deep, and narrow because a
majority of them are controlled by faults, joints, fractures and lineaments where

groundwater is discharged as runoff through these structures. The evergreen forest-
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covered southern hill ranges have extremely rugged and uneven terrain. Terrace and jhum
cultivation have rendered the lower hills and lowlands barren.

The drainage map of the study area shown in Fig. 1.4 has been prepared from
Toposheet 83K/2 (1:10,000), and Strahler’s classification system was used for creating
the stream/drainage network with stream order (Strahler, 1964). The Sanuo Ru and Phe
Ru are the principal perennial streams draining north of the study area. Major stream
Dzucha Ru originates from Puliebadze and flows north-easterly, bending towards the
confluence of Tekhobazou Ru. Sitsie Ru, Dzuvu Ru, and Karozou Ru are the minor
streams. Several first and second order streams, most of which are ephemeral in nature,
cut through the area. The third and fourth order streams of high order are perennial and
they typically cut through the road sections as well. In the winter, some of these streams
dry up. The highest stream order identified is the 5 order (Dzuyu Ru). The Vurie, Sanuo,

Dzuvu, Kharu, Sitsie, Dzuyu and Dzulikha streams flow through the town of Kohima.
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1.10 VEGETATION

The part of the study region which is not inhabited is covered in dense evergreen
or semi-evergreen virgin forests. Large sections of lowland terrain are occasionally
cleared for agricultural purposes. The majority of the plants in this area are shrubs and

trees like alder, wild apple, wild cherry, walnut, etc. are also present.

1.11 AGRICULTURE AND IRRIGATION

There are no medium or large irrigation projects underway in the state at the
moment. In comparison to a net sown area of 312770 Ha, irrigation potential is assessed
at 165000 Ha. Kohima, Dimapur, Phek, Wokha, and Tuensang are the districts with
extensive irrigation systems. However, irrigation is primarily surface water that is
completely dependent on monsoon rain, with the exception of a few pockets in the
foothills. As a result, all irrigated regions are classified as rainfed. The majority of
irrigation is carried out by utilising solely surface water, with little to no groundwater
input.

People in the Kohima district mostly engage in agriculture. The majority of
farming in the area is done using archaic, traditional agriculture techniques and hand
tools. The potential for using groundwater resources for irrigation is constrained by the
rugged geography. Jhum/shifting cultivation (slash and burn) is used since the terrain is
hilly. In areas with a moderate slope, terrace cultivation is nevertheless also used, but to

a lower extent.

1.12  GROUNDWATER RESOURCES

The groundwater resource of India (as of 2020) has been investigated by the
CGWB and State Ground Water Departments under the direction of State level
Committees. The total annual groundwater recharge for the entire nation has been
estimated at 436.15 billion cubic metres (bcm), and the total natural discharge equals
38.51 bem. Thus, the nation's total annual extractable groundwater resource is 397.62
bem. Due to a lack of block-level data, the groundwater resources for Nagaland state was
evaluated district-wise. The state's annual extractable groundwater resource is estimated
to be 1.95 becm and the total annual groundwater recharge to be 2.17 bcm. Groundwater
extraction on an annual basis is 0.021 bcm, and the stage of groundwater extraction is

1.04%. Every district has been designated as “Safe”.
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1.13 LITERATURE REVIEW

For the purpose of conducting the research, study materials from a variety of
sources, including research journals, government publications and papers, books,
websites, etc., have been studied.

Pioneers Mallet (1876) and Hayden (1910) conducted geological studies in
Nagaland, including some parts of the Kohima district. Evans (1932), Mathur and Evans
(1964), Brunnschweiler (1966) and Acharyya (1986) attempted to understand the
geology, stratigraphy, structural, and tectonic framework in some parts of the Kohima
division.

Piper (1944) by applying a graphical technique, made a contribution to the
chemical interpretation of groundwater analysis. Wilcox (1955) categorised groundwater
for irrigational use. The chemical properties of natural water were studied and interpreted
by Hem (1985), while Handa (1975) provided a brief overview of groundwater pollution
in India.

Bambry and Sharda (1997) prepared a geotechnical map of Kohima Township,
demarcating regions that were more suitable for development based on assessments of
slope stability and overburden thickness. Chakradhar, Naik, and Jayaraman (1986, 1987)
carried out systematic geological mapping of the Kohima district. The Kohima urban
area's geo-environmental assessment was done by RC Shukla in 1987.

Mondal et al. (2010) studied the interaction between groundwater and saline water
on the southeast coast of India, located about 70 km south of Chennai city and 10 km
SSW of Mahabalipuram by determining the groundwater major ions chemistry. 18
groundwater samples were collected during pre-monsoon and post-monsoon seasons
from bore wells. The data revealed that about 99.9% of the EC variability was caused by
the combined effect of C1, Na*, SO4*, HCO5", NOs  and Ca*" + Mg?" in both seasons,
where 54.0% was due to CI” alone in the pre-monsoon and 43.1% in the post-monsoon.
The factor analysis revealed the influence of mixing zones between saline water and
groundwater. The exchange processes between groundwater and seawater chemistry in
coastal aquifers were proved by using multivariate statistical analysis and ionic changes
of main hydrochemical ions. The study thus served as a foundation for future
hydrochemical research in groundwater management planning, protection, and decision-
making.

Selvam and Sivasubramanian (2012) investigated subsurface geology and

groundwater potential zones in Medak District of Andhra Pradesh, India by carrying out
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a geoelectrical resistivity survey using Vertical Electrical Soundings (VES). 26 VES
soundings were recorded with the Schlumberger electrode configuration with current
electrode spacing (AB/2) from 1 to 150 m. The curve matching and electrical imaging
computer programme [PI2ZWIN were used to interpret the field data. The thickness and
water-bearing capacity of the subsurface strata were then revealed through interpretations.
The second layer, with fractured/weathered rock formations, was found to be the best
layer serving as a reliable aquifer in the Medak areas.

In order to identify freshwater pockets in sedimentary aquifers in the Vanur block
of Villupuram District, Tamilnadu, Thiruneelakandan et al. (2014) have conducted
geoelectrical resistivity surveys at 9 different sites. IPI2WIN software was used to analyze
the data and the AB/2 spacing was up to 100m. Three VES locations had favourable
resistivity values of 50 to 150 Qm. Thus, these three locations were determined from the
interpretation analysis to develop shallow freshwater potential pockets.

S. Karuppannan (2015) worked on the Kadayampatty Panchayat Union in Tamil
Nadu's Salem district. In this work, geophysical techniques were done to demarcate the
groundwater potential zone with 10 Vertical Electrical Sounding (VES) using
Schlumberger electrode arrangement. The electrodes were stretched out in stages of five
metres up to 50 metres and ten metres up to 150 metres. With respect to topographic
features, VES stations were chosen accordingly. The geoelectrical results revealed a
maximum of five geoelectrical formations, including topsoil, weathered zone, fissure and
fractured zone, fracture basement, and fresh basement. Based on the interpretation of the
results, a number of large diametres, circular dug wells and shallow depth bore wells
could be dug in the discharge area for increased groundwater production. The villages of
Kadayampatty, Chinnathirupathi, Semmandapatty, and Pannapatty were then designated
as groundwater potential zones in the mountainous, forested terrain of the Kadayampatty
Panchayat Union.

Kshetrimayum and Hegeu (2016) used cross plots, Pearson correlation, principal
component analysis, and flow net methods to analyze 32 water samples for the toxicity
and origin of elevated iron and manganese concentrations in surface water and
groundwater in the Naga thrust of the Assam-Arakan basin of northeastern India. The
EPA standards for Fe and Mn were found to be exceeded in every sample, respectively,
by 28 and 136 times. They concluded that baseflow discharge into low-lying areas, the

discharge of water from the Dhansiri and Chathe rivers into the surrounding water table,
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and the dissociation of Fe and Mn oxides by organic metabolism in a reduced environment
were the main causes of the high Fe and Mn concentrations.

Heavy metal contamination was found by Rao et al. (2016) in and around
Peddacheruvu, which is located near Hyderabad city, India. They used inductively
coupled plasma mass spectrometer and X-ray fluorescence to examine samples of
groundwater, surface water, soil and sediment for the presence of heavy metals. When
compared to sediment and groundwater, surface water was shown to be less contaminated
with heavy metals, namely Fe, Mn, Ni, and Al. They came to the conclusion that the
activity of heavy metal precipitation in the water body is what causes these heavy metals
to be deposited in the sediment.

The quality of the groundwater in and around Tuticorin town, on India's southeast
coast, was examined by Singh et al. (2017). In their investigation, the techniques of
Brown et al. (1983) and APHA (1985) were used to analyze 29 groundwater samples.
Correlation matrix analysis, Piper, Wilcox, and Gibbs diagrams were created. Total
dissolved solids (TDS), sodium (Na"), magnesium (Mg>"), chloride (C1"), and sulphate
(SO4*") analysis of major ions revealed anomalous values, which led to a decline in the
quality of groundwater. Major cations and anions were found in the following order:
Na"™>Mg?"™>Ca*>K" and CI>S04*>HCO;>NO;>F" respectively. A cross plot of the
molar ratios of HCO37/Cl against TDS revealed that 72% of the examined samples were
brackish and saline in origin. According to the interpretation of the US Salinity Diagram,
the majority of the samples had very high sodium and salinity hazards, which indicated
evaporation dominance.

Peseyie and Rao (2017) used parameters such as Turbidity, pH, TH, TDS, Ca*",
Mg?*, Na*, K, CI', Fe, SO4>, and F~to investigate the groundwater quality in Dimapur
town for drinking purposes in accordance to BIS (1998) standards. pH measurements
showed values ranging from acidic to neutral. In 11.33% of the groundwater samples, the
turbidity levels were higher than the permissible limit. For Na™ concentrations, 74.58%
of the water samples were within permissible limit. In terms of total K" contents, 51% of
the samples were within the acceptable limit for human consumption as per the BIS
(1998) criteria. The range of Fe concentrations was 0.18 to 2.5 mg/L, and the majority of
the samples were above the permissible limit and required further treatment. According
to their research, the study area needed a proper monitoring system and treatment of water

should be adopted for drinking.
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Datta et al. (2018) used the hydrochemical data to generate the Water Quality
Index using the weighted arithmetic method to assess the quality of groundwater in and
around Guwahati, Assam, India. 66 water samples were collected for a thorough
physicochemical analysis and WQI was estimated from 12 parameters, including pH,
turbidity, total hardness, calcium, magnesium, bicarbonate, chloride, nitrate, sulphate,
total dissolved solids, iron, and fluorides. The high values of WQI were shown to be from
the locations with higher levels of iron, nitrate, total dissolved solids, hardness, fluorides,
and bicarbonate. According to their research, WQI proved to be a very useful instrument
for evaluating water quality and helpful for the general public or any intended application,
as well as in pollution mitigation plans and water quality management.

N. Subba Rao (2018) studied the quality of groundwater in 30 different areas
around the Prakasam region of Andhra Pradesh, India. He worked on the evaluation of
groundwater quality on pH, TDS, Ca?’, Mg?', Na*, HCO5", CI', SO4*, NOs™ and F~ and
found the water was unfit for consumption as per WHO (2011) and BIS (2012) drinking
water standard. In order to determine the suitability of groundwater samples for irrigation,
the sodium adsorption ratio, percent sodium, permeability index, residual sodium
carbonate, magnesium ratio, and Kelly's ratio were computed. The USSL, Wilcox, and
Doneen's diagrams were also utilized for evaluation of groundwater quality for irrigation
and most groundwater samples were unfit. pH, TDS, HCOs", CI" and SO4>" were assessed
for industrial purpose with respect to incrustation and corrosion activities on metal
surfaces and was found to be unfit.

Sunitha and Sudharshan (2019) evaluated the hydrogeochemistry of groundwater
in and around Lakkireddipalli and Ramapuram, Y.S.R District of Andhra Pradesh in India.
30 groundwater samples were taken to assess the groundwater for drinking and irrigation
practices. The majority of groundwater samples were safe as per W.H.O. drinking water
levels. Fluoride and nitrate were found to come mostly from geogenic and human sources,
respectively. The main hydrogeochemical component affecting water chemistry was rock
domination. The Piper's figure revealed a mixed Ca Mg Cl type. The majority of
groundwater samples were in the unsuitable category for irrigation. Hence, they suggested
growing more saline-tolerant plants to combat soil salinization and applying lime or
gypsum to reduce soil permeability.

Rao et al. (2021) worked on the assessment of groundwater quality in Kohima
Village, Nagaland for drinking purposes. 21 samples were analyzed on the parameters of

pH, turbidity, TH, Fe, Cl, TA, F, Ca, Mg, and nitrate which were compared with the
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standards of BIS (2012). Except for turbidity and nitrate, which exceeded the permissible
limit, the overall groundwater study showed a suitable drinking water quality. A good
water quality monitoring system was thus advised to be done at some intervals of time
for the assessment of water.

Zhang et al. (2021) evaluated the groundwater quality in the Nanchong area of
southwest China, and identified any potential health risks associated with nitrate-enriched
groundwater. Using 70 groundwater samples, they examined the hydrochemistry using
several computerized approaches such as geomodelling, EWQI, GIS mapping, and
USEPA mathematical model. According to a Box and Whisker plot, the cations
concentrations were in the following order: Ca** > Na"™>Mg®"™> K, while anion
concentrations were HCO3 > SO4 2> CI™> NOs; > F. Ca-HCO; was suggested as the
hydrochemical type using the Piper triangle diagram. lon exchange and calcite dissolution
were the two main hydrochemical processes. Domestic sewage and agricultural activities
were responsible for NO3;™ contaminations. According to the health risk assessment,
infants in the research area were more vulnerable to health risks from ingesting NO3~
contamination than children, adult females and males.

Ezung et al. (2022) investigated the subsurface conditions at a landslide in Perizie
colony, Kohima, Nagaland using the vertical electrical sounding (VES) technique and the
Schlumberger depth sounding method. With regard to slope instability, the VES curves
revealed varying lithology and also suggested that a weak zone, which was not visible
from the surface, was present at a depth of roughly 10 meters. The analysis also showed
that the VES approach could be used to determine the depths of water tables and viable
aquifers. So, the 1-D resistivity survey offered insightful data regarding the subsurface
circumstances that might have contributed to the occurrence of landslides in the study
area.

Keditsu et al. (2022) assessed the quality of groundwater for drinking in
Chiephobozou town, Kohima district, Nagaland. 30 samples were taken during pre-
monsoon and post-monsoon periods in 2021 and they studied the hydrogeochemical
properties by evaluating the physico-chemical parameters where 66.67% of pre-monsoon
water samples and 53.33% of post-monsoon water samples were within the permissible
limit for drinking as per BIS (2012) and WHO (2004). Water Quality Index revealed that
the groundwater was mostly unsuitable for drinking because of the high iron
concentration in the samples. Na and HCO3 were the dominant cation and anion in both

seasons. Piper’s trilinear diagram revealed that the majority of the water was of mixed
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type, with 66.7% in pre-monsoon and 40% in post-monsoon. The Gibbs diagram gave the
rock water interaction dominance for the groundwater in Chiephobozou town.

Kumar (2022) created a GIS-based mapping of water-level fluctuations and their
effects on groundwater in India's Thanjavur district, Tamil Nadu. He used topographic
survey data to determine the groundwater level and elevation before and after the
monsoon season. The maps of spatial variation helped visualize the seasonal water level

and fluctuations in Thanjavur.

1.14 PREVIOUS WORK IN THE STUDY AREA

The Central Groundwater Board, Ministry of Water Resources, Government of
India started conducting groundwater exploration in Nagaland in the early 1970s with a
few exploratory drillings in the Dimapur, Changki, and Tizit valleys. Their research
focused on the geological, geomorphological, and hydrogeological aspects of hill valley
exploration, as well as the potential of groundwater resources. In the latter part of 1980,
the Nagaland government's Directorate of Geology and Mining (DGM) began
groundwater drilling which was restricted to the Dimapur valley only.

E. Kikon and Katiwaba Ao (2006) worked on groundwater development in the
hilly terrain of Nagaland, in and around Kohima town. An increase in the development
activities was considered a major factor in water scarcity during lean periods in most of
the hilly areas. They worked on four exploratory drilling shallow tube wells within 120
m depth which were drilled by the state DGM around Kohima town. The static water level
varied from 5m to 39 mbgl (metres below ground level) with discharge from 6000 to 9000
L/hr. for drawdown within 7m. The construction of dug/ring wells was found to be
feasible at specific geo-structural set-ups. They found the presence of potential secondary
porosity within 50 to 200 mbgl in hilly areas.

The CGWB dynamic groundwater resource (2020) indicated that the Total Annual
extractable Groundwater resource of Kohima district is 15542.08-hectare meters. The
current annual gross groundwater extraction for Industrial use is 0.6-hectare meters. The
annual allocation of groundwater for domestic water supply as on 2025 is 249.54-hectare
meters. Net annual groundwater availability for ‘Future Use’ is 15291.95-hectare meters.
Net annual groundwater availability for ‘Future Use’ per unit area is 124.45 millimetres.
Separate data for Kohima town has not been prepared.

B.V. Rao et al. (2021) have worked on assessing groundwater quality for drinking

purposes in Kohima village.
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No thorough published work has been done in Kohima town regarding the
prospective groundwater zones, as well as the quality and management of the

groundwater.

1.15 AIM AND SCOPE OF WORK
Water is extremely essential for survival of all living organisms and changes in its
quality can have serious consequences. The present study aims to mainly assess the
geochemical spatial distribution and determine groundwater quality as it provides helpful
information for managing regional groundwater resources in Kohima Town. This
investigation will help establish proper management of the groundwater. There is a need to
carefully monitor groundwater and check its quality, especially for drinking purposes. The
present study has therefore been undertaken with the following objectives:
e To delineate the geological units and prepare geological and hydrological maps of
the study area.
e To depict the hydrological condition based on the subsurface geology.
e Physico- chemical characters of groundwater from the study area.

e Assessment of the groundwater quality for drinking and irrigation purposes.
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CHAPTER 2

GEOLOGICAL SETTING AND HYDROGEOLOGY

2.1 REGIONAL GEOLOGY

To the eastern boundary of Northeast India bordering Myanmar occur spectacular
NE-SW trending domain of Himalaya's cousin named Naga Hills. The Naga Hills tectonic
evolution of northeastern India is associated with the movement of the Indian plate and
its collision with the Burmese plate in the east during the Late Cretaceous- Eocene period.
It is an ideal representation of how a passive margin setting (Kumar and Naik, 2006) can
change into an active margin setting over time in response to plate movement.

The Naga Hills is a unique Cretaceous-Tertiary mobile belt that ends in the north
at the Brahmaputra Valley. The south of the Naga Hills is bounded by the Chin Hills and
towards the south-eastern part of the Naga Hills lies the Arakan Yoma fold thrust belt and
the Chindwin basin. The Naga Hills is bordered on the west by the Pre-Cambrian Mikir
Massif and Tertiary Shelf Sediments of Assam, and towards the east, they are bounded by
the Myanmar tectonic sediments. The Naga Hills, which run NE-SW, are divided into
two sections: the central Naga Hills Paleogene flysch sediments and the Naga-Chin Hills
ophiolite belt (Acharyya, 1986).

22 MAJOR STRUCTURES OF NAGALAND

In Nagaland, igneous and crystalline rocks of Mesozoic-Cenozoic age comprise
around 10 percent of the area, while around 90 percent of the surface area is covered by
Cenozoic sedimentary rocks. The study area is part of the Tertiary fold belt which is made
up of structurally or lithologically controlled hill ranges. The study area is located in
the middle of the Naga Hills and is composed of Paleogene flysch sediments.

Nagaland is subdivided into three major tectonic units based on their
morphotectonic features: Naga Ophiolites in the east, Schuppen Belt in the west, and
Inner Fold Belt occupied by Kohima and Patkai synclinoria in the middle (Mathur and
Evans, 1964). They are briefly discussed below:

Schuppen Belt
The northern edge of the Naga hills is marked by the NE-SW trending narrow Belt
of Schuppen. The Schuppen belt is made up of eight to nine tectonic slices/overthrusts

along which the Naga hills have shifted northwesterly relative to the foreland spur (Evans,
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1964). The eastern and western boundaries of the Schuppen Belt are marked by the
Halflong-Disang Thrust and the Naga Thrust respectively in Nagaland. It's a complicated
network of crisscrossing faults (Rao, 1983) with en-echelon deposition. According to
Aier et al. (2011), the Schuppen Belt is a distinct tectono-geomorphic unit that is
around 400 km long and 25 km wide and is terminated at the northeast by the Mishmi
Thrust and at the southwest by the Dauki Fault. The Schuppen Belt is distinguished by
Eocene-Oligocene and Plio-Pleistocene sediments, with no Disang deposits. The various
lithostratigraphic units found in the Belt of Schuppen are the Barial, Surma, Tipam,

Namsang, and Dupitilla Groups of rocks.

Inner Fold Belt

The Inner Fold Belt is located in the interior region of the Naga Hills and is
characterised by its extensive Disang rock formations and limited Barail coverings. The
Inner Fold Belt is bounded on its west by the Halflong-Disang thrust and the Ophiolite-
Disang thrust to the east. Geographically, the Inner Fold Belt made up of the argillaceous
unit of Disang Shales covers up the majority of the Nagaland state. The Palaeogene strata
exposed between the Barail and Disang formations in the Inner Fold Belt have been
termed the Disang-Barail Transition due to their heterogeneous lithology (Pandey and
Srivastava, 1998). The rocks have undergone a series of folding forming anticlines and
synclines. There are two main synclinorium in the Inner Fold Belt- the Patkai
Synclinorium in the north and the Kohima Synclinorium in the south. In Kohima

Synclinorium, the younger Surma rocks are developed in its core (DGM, 1978).

Naga Ophiolite Belt

The Naga Ophiolite (NOB) is a remnant of the Tethyan oceanic crust and Upper
mantle developed at a spreading centre in a narrow, short-lived basin formed by rifting
and spreading during the Late Cretaceous period. The opening and closing of this basin
are associated with the fragmentation of Gondwanaland. The NOB extending over 90 km
in length and a width varying from 2 to 15 km, covers an area of roughly 1000 sq. km.
Between the Disang Formation on the west and the Nimi Formation on the east, the
ophiolites are exposed as an arcuate linear belt. The ophiolite complexes are made up
mainly of the mafic volcanics, mafic (gabbros) and ultramafic cumulates (peridotite,
pyroxenite, serpentinites) and plagiogranites. They are mixed together with some oceanic
sediments such as limestone, chert and greywacke along with some intrusives (Ranjit et
al., 2013). The ophiolite complex is thrusted over by the Naga metamorphics in the east.
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2.3  STRATIGRAPHIC SUCCESSION OF NAGALAND

The Cenozoic stratigraphic framework of Nagaland is made up of the following
litho-units and presented in Table 2.1: Naga Metamorphics, Nimi Formation, Zepuhu
Formation, Disang Group, Disang-Barail Transitional Sequences, Barail Group, Jopi
Formation, Surma Group, Tipam Group, Namsang Bed and the Dihing Group (after
Mathur and Evans, 1964; Agarwal and Ghose, 1986; and Srivastava et al., 2004). They

have been briefly described below.

Naga Metamorphics

The Naga Metamorphics mostly consists of Proterozoic rocks like quartzite,
marble, mica schist and gneisses. The base of this formation is not exposed but it is
tectonically juxtaposed against or even overlay the Ophiolites as well as the Phokphur
Formation. It occurs in the eastern part of the Ophiolite belt and is found exposed in

Saramati Hill and adjoining areas.

Nimi Formation

The Nimi Formation lies on the eastern margin of the Naga Hills Ophiolite belt
along the Indo-Myanmar border. It stretches over 216 kilometres and is assumed to be of
Pre-Mesozoic age. This formation consists of phyllite, quartzite, marble, and quartz-
sericite schist.

Zipu Formation

The Zipu Formation represents the Ophiolite complex of Nagaland and lies
between the Nimi Formation on the east and the Disang Group on the west. It has a linear
NE-SW trend. The rocks of this formation include peridotite, serpentinite, basalts, gabbro

and dunite mixed with oceanic sediments such as chert, greywacke, limestone, etc.
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Table 2.1: Stratigraphic succession of Naga Hills (Mathur and Evans, 1964)

Mesozoic (?)

Age Group Formations
Outer and Intermediate Hills Eastern Hills
Recent- Alluvium and high level
Pleistocene terraces
Dihing | Boulder beds
----Unconformity----
Mio-Pliocene | Dupitila| Namsang beds
-—--Unconformity----
. Girujan clay
Miocene Tipam Tipam sandstone
Upper Bhuban
SUMMa | \iddle Bhuban
Lower Bhuban
----Unconformity----
Oligocene Barail Renji | Tikak Jopi/Phokpur Formation _
Parbat Tuffaceous shale, sandstone, greywacke,grit,
Jenam | Baragolai conglomerate,minor limestone and carbona-
- ceous matter
Laisong | Naogoan
Eocene- ) Upper Shale/slate/phyllites with calcareous lenses in
Cretaceous Disang Lower basal section and invertebrate and plant fossils
in upper section with brine springs
Base not seen @ = Thrust/Fault-----
Zipu Formation
Cretaceous- | ophiolite complex Marine sediments (shale, phyllite, greywacke,
Upper' iron-rich sediments, chert and limestone with
Jurassic radiolaria and coccoliths), volcanics (basalt,
spilite, volcaniclastics),metabasics greenschist,
glaucophane schist/ glaucophane- bearing
metachert, eclogite), layered cumulate seque-
nce (peridotite, pyroxenite, gabbroids, plagio-
granite, anorthosite), and peridotite tectonite
and serpentinite associated with deposits of
podiform chromite and nickleferous magnetite,
minor Cu-Mo sulphides associated with late
felsic intrusions and some dolerite dykes
Base notseen Thrust/Fault-——-
Pre- Nimi Formation

Naga Metamorphic complex

Weakly metamorphosed limestone, phyllite,
quartzite and quartz sericite schist
Naga Metamorphics

Mica schist, granitoid gneiss and feldspathic
metagreywacke with tectonic slices of ophi-
olite in variable dimensions
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Disang Group

More than half of Nagaland's surface is covered by the Disang Group of rocks.
The Disang are represented by thick beds of splintery shale with intercalations of
sandstone and siltstones of greywacke composition. This flysch facies, which range in
age from the Upper Cretaceous to the Eocene, is further subdivided into two distinct
formations, a basal argillaceous and an upper arenaceous horizon designated as Lower
and Upper Disang formations respectively (Sinha et al., 1982). The Disang shales are
prone to spheroidal weathering and the development of concretions. The formation is
shaly towards the basal part, while coarse-grained layers are more abundant higher up.
Shale pellets are seen parallel to the bedding (Devdas and Gandhi, 1986; Sarma, 1985).
The Disang shale is carbonaceous to very carbonaceous (Thong and Rao, 1999). An
unconformity between the Lower and Upper Disang is indicated by the conglomerate bed
between them. The unconformity reveals that the Disang sediments
underwent folding and low-grade metamorphism as a result of orogenic activity.

Disang-Barail Transitional Sequences

The Disang-Barail Transitional Sequences (DBTS) is made up of a thick
heterogeneous succession of 80-100 metres thick sand-mud lithology. The succession's
sand-silt unit contains multiple alternations of thin, flaggy, fine-grained sandstone and

silty/sandy shale. The thickest sandstone beds are almost 1m thick.

Barail Group

In the Assam shelf and Schuppen Belt, the Barail Group is composed of the oldest
Laisong Formation, the middle Jenam Formation, and the youngest Renji Formation,
while it is undifferentiated in the Inner Fold Belt. The upper part is composed of medium-
grained sandstones with shale intercalations and thin coal bands. According to Nandy
(2017), the Barail rocks' extensive coal seams indicate that there was a great supply of
sediments with shallow water deposition. The uplifted island arc due to the Indo-
Myanmar Orogen produced the tuffand volcanogenic debris found in the Barail
sediments. They are observed along the western margin of the state, in the eastern regions

of Nagaland and in the south of Kohima.

Jopi Formation
The Jopi Formation is thought to be the equivalent of the Barail Group. The Jopi

Formation occurs unconformably on top of the Naga Ophiolite suite of rocks, occupying
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various topographic levels. It is composed of a thick pile of polymictic conglomerate-grit-
pebbly and cobble-like sandstone, greywacke, and shale in an alternating and repeated
sequence. The thickness of the individual cycles ranges from less than a metre to more
than ten metres, with the overall thickness of the formation exceeding 600 metres. The
succession grades upward into grit, lithic greywacke, siltstone and shale. The sandstone

gradually become arkosic towards the top.

Surma Group

The Surma Group of rocks are exposed in the Belt of Schuppen as a series of long,
narrow strips. These Surma rocks are also found in the core of the Kohima Synclinorium
(DGM, 1978). Surma rocks in Nagaland are of Lower Miocene age. It is composed of
alternating succession of grey laminated shale, sand, and conglomerate. The overall
thickness ranges from 300 to 1250 m. The Surma is subdivided into the Bhuban and
Bokabil Formations. Of these two, the former is characterised by the presence of some

conglomerates.

Tipam Group

The Tipam Group of rocks unconformably overlie the Surma rocks. The
unconformity is, however, not clear in Nagaland. The Tipam rocks are made up of a
sequence of massive sandstones that are highly friable and contain subordinate clay and
shale. The rocks are characterised by multi-storied, channelled false-bedded sandstones
and are generally coarse-grained, occasionally gritty and ferruginous. The Tipam Group
is composed of two Formations: older Tipam Sandstones and the younger Girujan Clays.
Tipam Sandstones are exposed in the Belt of Schuppen.

Namsang Formation

The Namsang Beds of the Dupitila Group lie unconformably over Girujun Clays
and are found in the northern area of the Schuppen Belt. These Mio-Pliocene strata are
composed of sandstone, conglomerate, grit, mottled clay, lignite pebbles and lenticular

lignite seams. The thickness ranges from 400 to 1080 m.

Dihing Formation
The Dihing Formation consists mostly of unconsolidated mass Of boulders and

pebble beds with clays and sands lying unconformably over the Tipam Group and
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Namsang beds. The Dihing Formation rocks are well-developed in Nagaland along the

western margin of the Schuppen Belt.

Alluvium and high level terraces

The alluvium and high-level terraces occur in the western part of Nagaland. The
high-level terraces are dominantly made up of boulder beds with gravels and coarse sands
and unsorted clays. The clays are of different types namely gravely clay, sandy clay,
carbonaceous clay, and silty clay. The older alluvium covers the north-eastern tract of

Naga-Patkai ranges while the newer alluvium covers the western border of Nagaland.

24  GEOLOGY OF THE STUDY AREA

Tectonism has caused large-scale folding and faulting in the study area that has
resulted in severe fracturing and crumbling of the rocks. Folding has also led to the
formation of anticlines and synclines at places in the rocks which have been further
altered by geomorphic processes. Neotectonic activity has given rise to slope instability
in the area. Tectonic activity plays an important role in forming drainage patterns and
regulating river behaviour (Vaidyanadhan, 1971; Sinha-Roy, 2001). The lineaments in the
study area were delineated by using a satellite image (LISS III) and several lineaments
were found to have NW-SE trend which is oblique to the regional NE-SW trend in the
Belt of Schuppen to the north and the ophiolite complex to the south of Kohima. This
orientation indicates that the delineated lineaments in the area are structurally controlled.
The geological map of the study area is shown in Fig. 2.1.

The study area may be divided into two broad topographic units. These include
the highly mountainous terrain fringing the south of Kohima town and the comparatively
low denuded hills of the rest of the town. The southern fringe of high mountains is the
area covered by the Barail sediments which are dominantly made up of sandstones and
have dense forest areas. The northern and central part of the study area is made up of the
lower hills which are covered by the Disang sediments and are more or less devoid of

vegetation. The area is primarily being used for human habitation.
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Fig. 2.1: Geological map of the study area (Modified after GSI, 2015)

Kohima town lies within the Kohima Synclinorium of the Inner Fold belt. The
Tertiary sedimentary rocks in this synclinorium range in age from Upper Cretaceous to
Recent and trend along the linear NNW-SSE ridge to form an important water divide zone
that is related to the town's radial drainage pattern (DGM Report, 1978). The stratigraphic
succession is characterized by the oldest Disang Group followed by the Disang- Barail
Transitional Sequences and the younger Barail Group of rocks. The stratigraphic

succession of the study area is shown in Table 2.2.

Table 2.2: Stratigraphic succession of Kohima town (after Mathur and Evans, 1964;
Rajkumar et al., 2019)
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(Lower Barail)

Group Formations Age Lithology
Renji/ Tikak Primarily hard, massive sandstones.
Parbat

(Upper Barail)
Barail | Jenam/ Baragoloi | Late Oligocene | Mainly shales with some bedded
Group (Middle Barail) | to Late Eocene | sandstones and carbonaceous shale

horizons.
Renji/ Naogaon Intercalation of bedded sandstone with

relatively thin siltstone and shale beds.
Horizon is characterized by trace
fossils and invertebrates, plant/ leaf

impressions.

Upper Disang/ Lower Barail Transition Sequences which is gradational as well as (local)

tectonic contact

Upper Disang Dark grey splintery shales with
Disang intercalations of thin siltstone and
Group Late Eocene to | sandstone beds
Lower Disang | Late Cretaceous | Dark grey to black shale. Shales
slightly metamorphosed to phyllites
and slates.
Disang Group

The Disang Group of rocks is the most common rock in the Inner Fold Belt of
Nagaland. The Disang Group range in age from Upper Cretaceous to Middle Eocene and
is mostly argillaceous (Krishnan, 1982). This group comprises flysch sediments which
are classified as geosynclinal facies. It is predominantly represented by thick monotonous
sequences of splintery shale, that is grey, khaki grey, or black in colour, with intercalations
of siltstones and fine-grained sandstones (Mallet, 1876; Mathur and Evans, 1964). Due to
the weathering of shales and their compression, crumpling, and shearing, surface
instability also happens. The sandstones are only a few centimetres thick at the base, but
they gradually pass upward and become prominent at the top and laterally into the Barail.
The Disang shales are finely laminated and commonly exhibit curved or concentric

surfaces. Carbonaceous shales intercalated with massive shales and occasionally fine-
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grained sandstones also occur in certain areas, especially at the junction of faults within
the Diasng. The Disang beds are commonly crumpled and squeezed.

Ferruginous concretionary structures and nodules are common, especially in areas
of red ferruginous soil. Pyrites and brine springs are also common. Rao
(1983) proposed some parts of the Disang Group to be of brackish water and tidal flat
environment of deposition. Its sedimentary record indicates the continuity of a shelf
environment, where quick subsidence prompted the accumulation of a large mass of
Palaecogene rocks.

The northern part of the research area is covered by highly weathered, splintery,
grey, and carbonaceous shale. The shale is finely laminated, and their splintery nature
make it susceptible to weathering. Within the Disang shale, compositional variations of
black/carbonaceous shale and grey shale (sometimes with iron concretions) are present.
Around Naga Bazaar, Daklane and the down slope of High school areas, carbonaceous
shales can be found. While the grey shale is mainly found exposed towards the eastern
and south eastern parts of Kohima town around Kitsubozou, Chandmari, A.G. colony, and
Police new reserve (GSI, 2015). Some field photographs taken in the Disang beds are
shown in Fig. 2.2.
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Fig. 2.2: a, b) Jointed Disang shale exposure and shale lens at PWD colony,
Kohima
¢) Inclined Disang rock exposure at Cathedral, New Ministers’ Hill colony,
Kohima
d) Bed reading taken along the Disang sandstone bed at Upper Bayavu colony,

Kohima

Disang-Barail Transition sequence (DBTS)

There is a transitional sequence between the older Disang and the younger Barail
group called the Disang-Barail Transitional sequence (DBTS) belonging to the Upper
Eocene age (Pandey and Srivastava, 1998). The rocks of the DBTS consist of mixed
lithology of silt, shale, and very fine to fine-medium sand fractions.

The Disang-Barail Transition Sequences in Nagaland is represented by the 80-
100 m thick succession of heterogeneous sand-mud lithology that lies over the repetitive
argillaceous Disang sediments and continues upward into the predominantly arenaceous
Barail Group of rocks. The succession's sand-silt units are characterized by frequent
alternations of fine and occasionally medium-grained sandstones, thin, flaggy, well-
cemented siltstones, and sandy or silty shales. The first appearance of multistoried
sandstones, which define the base of the Barail Group, is used to distinguish the Disang
Group from the Barail Group. Although this method is useful for lithostratigraphic
subdivision, there are some practical limitations (Devdas and Gandhi, 1986). The
similarities between the lower units of the Laisong shales and the underlying Disang
shales have also been identified by Evans (1932). The precise delineation of the contact
is not possible due to the rapid alternation of 3—4 metres of sandstones and shales near

the base of the Laisong Formation.

Barail Group

The younger Barail Group of rocks is dominantly arenaceous and of Oligocene
age (Krishnan, 1982). The Barail Group of rocks is located to the south of Kohima Town.
The Disang Group and DBTS are conformably overlain by this arenaceous suite of rocks,
which consists of sandstones intercalated with thin beds of siltstone and shale,
representing flysch facies. A series of faults, thrusts, fractures, and joint sets affect the
rocks in and around the township.

The Barail Group of rocks dips with a moderate dip amount towards the

southwesterly direction and trends in the NW-SE direction. Fresh bedrock exposure is
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quite rare in Kohima because of the urban built-up. Due to
the splintery nature of the shale and phyllites which is  prone to  weathering,
reddish brown and black-coloured soil is formed above the bedrock. The highly
weathered shales with intercalations of sandstone/siltstone make the local streams
vigorously erode the base and toes of their channels and groundwater flow in such areas.
According to Gaur and Chakradhar (1985), the Barail Group has compact and well-
bedded sandstones that display a variety of colours and herringbone cross beddings that
indicate periodic fluctuation in the flow direction of the transportation medium.

The Barail may be divided into three formations in the south and south-west of
Nagaland including Laisong, Jenam and Renji. In the intermediate hills of Nagaland, they
are recognized as the Tikak Parbat, Baragolai, and Naogaon Formations.
The Laisong Formation consists of hard, grey and thin-bedded sandstones alternating
with hard, silty, and sandy shales with occasional intercalations of carbonaceous shale,
calcareous and ferruginous shales. The Jenam Formation has gradational contacts with
the Laisong and Renji Formations. It is predominantly composed of grey and
carbonaceous shales with silts and thin to massive bedded sandstones. The youngest
member of the Barail is the Renji Formation which extends towards the southwest of
Nagaland and beyond into Assam and south into Manipur. They are hard, massive,
ferruginous bedded and are intercalated with minor shales. Just south of Kohima town,
they form a thick forested range with high peaks such as Japfii (3048 m) which is the

second-highest mountain in Nagaland.

2.5 TECTONIC SETTING OF THE STUDY AREA

The oblique subduction and subsequent collision of the Indian and Central-
Eastern Myanmar continental blocks during the Late Cretaceous-Eocene period are
related to the geological history of the Naga Hills. Disang sediments were deposited in a
deep, linear arcuate basin that formed next to the leading edge of the subducting Indian
plate. The Disang Group of rocks is made up of an accretionary prism and related
sediment that was deposited at the east end of the subduction zone. The source material
appears to have come from the Ophiolite belt and the Myanmar Volcanics (Pandey, 2005).

Tectonic impulses brought about by changing plate interaction caused swallowing
of the basin which then caused the deposition of heterogeneous transitional lithology, the
Disang Barail Transitional Sequences (DBTS). Indo-Burman Ranges (IBR) were raised
as a result of the suturing of the Myanmar and Indian plates. To the west of the uplifted
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IBR, molasses basins developed throughout the Oligocene-Miocene and formed sites for
the deposition of Barail sediments. Most of the Barail rocks are marine, while a few are

fluvio-marine.

26 HYDROGEOLOGY
Hydrogeologically, Nagaland can be differentiated into three formations which

are briefly discussed below:

Consolidated formations

Consolidated formations are found in the high hill ridges towards the south-
eastern region of Nagaland, along the Myanmar border. The rocks are highly fractured
and have many faults, joints, fissures, fractures and shear zones where they serve as
potential zones for the development of groundwater. However, due to the inaccessibility
of the terrain, as well as the difficulty of organising heavy duty water well drilling rigs,

the area's groundwater resources development remains unexplored.

Semi-consolidated formations

Semi-consolidated formations are particularly common on moderate to high hill
ridges. They are found in the rocks of the Disang Group, Barail Group, Surma Group,
Tipam Group and Dihing Group. The Disang and Surma Groups are mostly composed of
argillaceous rocks, whereas the Barail and Tipam Groups are of arenaceous rock layers.
The Disang formation, which is highly fractured, splintery and sheared, has been found

to have the greatest potential for groundwater production in the hilly areas.

Unconsolidated formations

The unconsolidated formations are found in low-lying plain areas of Nagaland
with narrow, intermontane valleys that occur along the foothills bordering the upper
reaches of the Brahmaputra flood plains of Assam. The valleys are generally structurally
controlled, and the rock types are mostly of unconsolidated nature comprising of the
assemblages of boulder, cobble, pebble, gravel, sand, silt and clay indicating potential
aquifer zones. The unconsolidated formations serve as potential valley areas for

groundwater development in Nagaland.
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2.7  HYDROLOGICAL DATA
2.7.1 Precipitation

The rainfall data was collected from the Soil and Water Conservation Department,
Government of Nagaland for a period of 14 years from 2008 to 2021. There has been a
decrease in the trend of annual rainfall from 2017 to 2021. The annual rainfall during the
year 2021 is found to be the least during the past 14 years with 1105.10 mm. The rainfall
data is presented in Table 2.3.

Table 2.3: Rainfall data of Kohima (Source: Soil and Water Conservation Department,
Government of Nagaland, 2022)

Annual
Year | Jan | Feb March April| May | June | July | Aug | Sep | Oct | Nov | Dec |Rainfall
inmm
2008 |438| 5 |54.1| 35 [170.7|398.4|453.1|3935| 320 |12.57| O 1886.2

2009 0 106|246 321 |138.4|205.7|277.2|388.2]|216.8|1294| O 1423.00

2010 | 14 | 8.2 |56.9|60.8 |119.5|347.1|53.76 | 464.3|226.5| 162 | 2.1 | 21.2 | 1523.8

2012 | 33 |15.2]49.2|81.5|130.8|218.8 | 295.7 | 258.7 | 123.6 | 124.3 | 40.2 1371.00

2013 0 0 452 115 |3325]298.2|350.9|2685|226.3|1121| O 1749.10

0
0
1
2011 | 9.8 | 5.2 | 56.8|34.9|265.6|308.2|437.71239.9/3363| 31.7 | 9.7 | 0 |1735.80
0
0
0

2014 0 /1683187761455 139 |3324[350.6|2314|582 | O 1383.30

2015 | 258184184 | 201 | 50.3 | 224.1|316.4 3741|2122 74 | 2.1 | 5.6 |1522.10

2016 | 43 | 5.7 | 36.2|97.8|243.8|317.2|255.2|256.4 242712042728 | 1.4 |1737.70

2017 | 22 | 0.8 | 93 | 164 | 234.6|326.9 | 482.1 | 250.4 | 340.6 | 204.2 | 54 | 31.9 |2135.80

2018 | 132 | 3.6 | 45 | 128 | 279.2 | 338.1 | 568.4 | 359.4 | 139.6 | 85.2 | 1.2 | 65.4 |2025.90

2019 |80.6 154 (58.2| 83 | 175 |208.1 | 286.4|355.9|266.6|212.6|37.2| 0 [1779.00

2020 | 358 94 | 21 | 130 |181.6|319.6| 328 |215.6| 154 |2376|622| 0 |1695.00

2021 | 0.3 0 [25.2|424| 782 |171.6|187.4|233.2|241.8|111.4| 0 |13.6|1105.10

Average|17.87| 8.16 |43.97|91.62|181.84|272.93|330.33|314.91|234.17|125.68|16.64 | 9.94 |1648.05

2.7.2 Depth to water level measurement (DTWL)

The depth to water level (DTWL) measurements which is the depth of water level
in wells from the local ground surface have been carried out at 50 locations spread over
the study area. The depth to water level data was recorded during pre-monsoon and post-
monsoon periods (2019 and 2021) and plotted according to the well locations. All
groundwater samples were collected from shallow aquifers (<50 m). The DTWL table is

shown below in Table 2.4.
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Table 2.4: Depth to water level data of groundwater samples (mbgl)

Sample 2019 2019 2021 2021
no. Pre-monsoon | Post-monsoon | Pre-monsoon | Post-monsoon
(mbgl) (mbgl) (mbgl) (mbgl)
Al 4.26 3.05 3.17 2.11
A2 2.25 1.55 1.86 1.23
A3 2.13 2.77 6.10 4.34
A4 3.19 1.56 4.57 245
A5 1.88 1.25 3.05 2.76
A6 3.40 2.65 3.90 2.64
A7 5.47 1.37 3.69 1.98
A8 3.04 2.01 3.05 2.87
A9 2.98 2.23 2.74 2.67
Al0 22.80 19.02 23.01 20.73
All 10.31 3.60 10.94 4.53
Al2 1.82 1.92 1.98 1.89
Al3 243 2.74 3.66 2.37
Al4 10.94 6.86 11.19 8.43
AlS 1.88 1.01 3.66 2.54
Al6 9.70 6.89 9.75 7.91
Al7 9.73 8.72 10.06 9.21
Al8 6.08 5.00 6.10 5.92
Al19 6.51 4.60 6.10 5.86
A20 5.47 2.16 2.68 2.19
A21 0.61 0.43 0.73 0.56
A22 6.51 3.05 6.19 4.53
A23 3.34 1.01 4.88 3.46
A24 6.87 6.13 8.53 7.93
A25 8.76 4.42 7.76 5.67
A26 5.17 4.27 4.30 4.08
A27 10.79 4.30 9.66 7.34
A28 6.08 241 7.16 4.37
A29 3.34 2.35 4.08 3.85
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A30 3.34 2.07 2.62 2.19
A3l 12.77 12.53 13.11 12.87
A32 8.00 7.01 7.50 6.54
A33 4.74 4.88 4.97 4.83
A34 5.32 5.67 5.79 5.66
A35 3.28 1.22 3.35 2.13
A36 11.28 6.10 7.13 6.12
A37 6.08 6.46 7.50 7.02
A38 9.88 9.48 10.06 9.76
A39 6.69 5.18 6.10 5.89
A40 7.90 6.25 9.45 8.25
A41 2.89 2.96 3.05 2.65
A42 1.79 1.25 2.44 1.67
A43 1.76 2.65 5.46 4.24
A44 5.29 3.23 6.95 4.86
A45 10.88 9.08 11.06 10.72
A46 4.80 3.08 3.05 2.87
A47 5.78 2.96 4.08 3.56
A48 6.99 6.28 7.07 6.89
A49 5.08 3.60 7.65 4.65
A50 3.04 3.66 3.75 3.23

The DTWL measurements taken in pre-monsoon (2019) is geospatially plotted in
Fig. 2.3 which shows the occurrence of groundwater at shallow aquifers (<50 m). The
very shallow groundwater occurs in the south-western, north-eastern and small pockets
around the central parts at depths between 0-5 mbgl (meters below ground level). The
major part of the shallow groundwater with depths ranging between 5.01-10 mbgl is
found all over the study area. The water at a depth between 10.01-15 mbgl occurs in small
pockets over the western, south-eastern and very small pockets in the northern area.

Groundwater depths below 15 mbgl occurs in the western part.
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Fig. 2.3: Depth to water level map of pre-monsoon 2019

The DTWL measurements taken in pre-monsoon (2021) shown in geospatial Fig.
2.4 shows the occurrence of groundwater at shallow aquifers (<50 m). The very shallow
groundwater occurring at depths of 0-5 mbgl is found in the south-western and small
pockets scattered around the northern, central and southern parts. The majority of the
shallow groundwater (5.01-10 mbgl) is found all throughout the study area. The
groundwater occurrence at a depth between 10.01-15 mbgl is found scattered in small
pockets in the western, south-eastern and central parts. Groundwater depth below 15 mbgl
occurs in the western part only.

The deepest groundwater level in pre-monsoon of 2019 is at a depth of 22.8 mbgl
and the deepest pre-monsoon DTWL in 2021 is 23.01 mbgl. The pre-monsoon
groundwater level with respect to the ground surface increased in the year 2021. There is
not much significant difference in DTWL measured in 2019 and 2021 except that the
groundwater level in the northern area occurs at a shallower depth in 2021 pre-monsoon

than in 2019.
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Fig. 2.4: Depth to water level map of pre-monsoon 2021
The DTWL measurements taken in post-monsoon (2019) show the occurrence of
groundwater at shallow aquifers (<50 m) which has been geospatially plotted in Fig. 2.5.
The majority of the groundwater in the post-monsoon of 2019 falls under very shallow
groundwater with depths lower than 5 mbgl. The water at a depth between 5.01-10.01
mbgl occurs mostly in the western and eastern parts. The water at a depth between 10.01-
15 mbgl occurs in very small pockets in the western and south-eastern areas. DTWL

below 15 mbgl occurs in the western part.
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Fig. 2.5: Depth to water level map of post-monsoon 2019

The DTWL measurements taken in post-monsoon (2021) show the occurrence of
groundwater at shallow aquifers (<50 m) which has been geospatially plotted in Fig. 2.6.
The very shallow groundwater occurring at depths of 0-5 mbgl is mostly found in the
south-western area and also scattered around in the northern part. The post-monsoon
groundwater of 2021 witnessed reduced size of very shallow groundwater occurrence in
the northern and southern parts with a significant occurrence of groundwater at depths
between 5.01-10 mbgl which is found scattered all throughout the study area. The
groundwater occurrence at a depth between 10.01-15 mbgl is found scattered in very
small pockets in the western and south-eastern parts. DTWL of groundwater below 15
mbgl occurs in the western part only.

The deepest groundwater level in 2019 post-monsoon is found at a depth of 19.02
mbgl and the deepest post-monsoon DTWL in 2021 is at 20.73 mbgl. There is not much

significant difference in DTWL between 2019 and 2021 post-monsoon measurements.
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Fig. 2.6: Depth to water level map of post-monsoon 2021
From both the pre-monsoon and post-monsoon DTWL maps, the deepest
groundwater level is found in the western part and the very shallow groundwater level (0-

5 mbgl) is found in the southwestern area in both seasons.

2.7.3 Annual groundwater level fluctuations

The groundwater level fluctuation is recorded between pre-monsoon and post-
monsoon seasons during the 2019 and 2021 assessments and shown in Figs. 2.7 and 2.8
respectively. The changes in the water level from the fluctuation maps indicate that the
groundwater level is either rising or going down. The fluctuation map of pre-monsoon
and post-monsoon 2019 with a fluctuation range from -0.86 to 6.7 m is shown in Fig. 2.7.
Majority of the area is showing less water level fluctuation in the range of 0.01-4.81 m.
The positive value in water level fluctuation indicates that there is a rise in groundwater
level in post-monsoon compared to pre-monsoon. There is a negative value in water level
fluctuation in some very small pockets scattered mostly around the central part of the

study area. The fall of groundwater level in these areas found during the post-monsoon
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of 2019 could be attributed to over-exploitation of water where discharge has become

greater than recharge of groundwater.
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Fig. 2.7: Groundwater level fluctuation map of 2019

The fluctuation map of pre-monsoon and post-monsoon in the year 2021 is given
in Fig. 2.8 which shows a fluctuation range from 0.07 to 6.4 m. The majority of the study
area is showing less water level fluctuation in the range of 0.07- 1.65 m. The whole study
area shows a positive value in water level fluctuation which indicates that there is a rise

in groundwater level in post-monsoon as compared to pre-monsoon in the year 2021.
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Fig. 2.8: Groundwater level fluctuation map of 2021

2.7.4 Seasonal groundwater level fluctuations

The seasonal groundwater level fluctuation maps were also prepared for both the
pre-monsoon periods of 2019 & 2021 and for the post-monsoon periods of 2019 & 2021.
The water level in the pre-monsoon seasons indicates a fluctuation range from -3.97 to
4.15 m which is shown in Fig. 2.9. The pre-monsoon groundwater level fluctuation map
indicates an increase of water level in the pre-monsoon year of 2021 in the north, south
and more towards east along the south-eastern part of the study area with fluctuation in
the range of 0.01- 4.15m. The major part of the study area in the east, west and south-east
more towards the south is showing a fall in groundwater level in the year 2021 in pre-

monsoon with fluctuation in the range of -3.97 to 0 m.
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The post-monsoon seasonal groundwater level fluctuation map of 2019 & 2021
years is given in Fig.2.10. The water level in the post-monsoon seasons indicates a
fluctuation range from -3.04 to 0.94 m. The fluctuation map of the study area in post-
monsoon water level indicates that the increase of water level in the year 2021 post-
monsoon is lesser compared to the year 2019 with fluctuation in the range of 0.01-0.94
m. The major part of the study area is showing negative fluctuation values with fluctuation
ranging from -3.04 to 0 m. This implies that the recharge of groundwater in post-monsoon
2021 is lesser in comparison to that of post-monsoon 2019. The amount of rainfall in the

year 2021 (Table 3.3) is very less and this could be the main reason for the decrease of
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groundwater level in the year 2021.
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Fig. 2.9: Pre-monsoon groundwater level fluctuation map



2.7.5 Interrelationship between topographic contours and groundwater table

contours

Topographic contours and water table contours were generated by using IDW
(Inverse Distance Weight) method in a GIS environment. The elevation points for both
maps were collected from the field for four seasons as plotted in the maps (Fig. 2.11). The
topography influence on the groundwater table was created by superimposing the
groundwater table elevation over the topographic elevation. The contours have been
plotted at an interval of 20 m. The water table and topographic elevation maps
superimposed on one another showing how closely related and parallel most of the data
sets are to one another revealing that the groundwater level followed the topographic

elevation of the study area. The maps indicate the importance of topographic elevation
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which plays an important role in the groundwater flow.
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CHAPTER 3
METHODOLOGY

3.1 INTRODUCTION
The methodology involves field investigations and laboratory work to study the
geological and geochemical properties of groundwater. The methodology employed in

the current research is given below

3.2  FIELD STUDIES
3.2.1 Hydrological fieldwork

The field studies include the study of geology and hydrogeology of Kohima town.
A preliminary investigation of the study area was done before the samples were collected.
The groundwater samples were collected from 50 locations (A1-A50) scattered in and
around the main Kohima town for two seasons, i.e., pre-monsoon and post-monsoon
seasons during the years 2019 and 2021 in accordance with (APHA 1998) guidelines. The
samples could not be collected in the year 2020 because of COVID-19 pandemic.

Groundwater samples were collected in one-litre polyethylene water bottles.
Before groundwater samples were collected, the bottles were carefully washed with
distilled water. At the site, the bottles were cleansed with the sampling water before filling
the bottles with groundwater. Each sample bottle was carefully marked with a marker and
information about each sample was recorded. In the field journal, observations made at
the site were recorded, including the groundwater table's depth from the surface and its
location, elevation, and name. The samples were then transported to the lab for analysis
while being protected from sunlight. (Chaurasia et al. 2018). Some of the field

photographs were taken during water sampling and are shown in Fig. 3.1.
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Fig. 3.1: a) A person fetching water for use at community well number A35 at PR Hill
colony
b) Displaced well rings in well number A7 in a landslide-affected area at Lower
Jail colony
¢) Collecting water sample in polyethylene bottle from well number A10 at Lower
Merhulietsa colony

d) Water sample collection from well number A22 at Old Ministers’ Hill colony

3.2.2 Subsurface studies

The subsurface geological studies were done by using the Vertical Electrical
Resistivity method and Schlumberger configuration. An efficient and often-used
technique for locating groundwater potential zones and determining the quality of
groundwater is geophysical prospecting. Additionally, it offers details on geological
features like faults, joints, fissures, and fractures. The physical properties and composition
of the subsurface geological units, level of weathering, thickness, and depth of the
underlying bedrock are other factors that geophysical investigation can greatly influence.
Five Vertical Electrical Sounding (VES) stations were taken in the study area. The

coordinate locations are shown in Table 3.1. When performing VES in Schlumberger
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configurations, the potential electrodes were set in place while the current electrodes were
moved symmetrically on the outer edges. After the resistivity measurements, the current
electrodes were then symmetrically placed further away from the centre point. The

technique yields the resistivity depths.

Table 3.1 Location table of the VES stations

VES Stations Location (Colony) Coordinates
VES 1 Lower Forest N 25°39.697', E 94° 05.191"
VES 2 New Ministers’ Hill (Cathedral) | N 25° 39.178', E 94° 06.248'
VES 3 D Block N 25°40.214', E 94° 06.451'
VES 4 Kenuozou N 25°41.033", E 94° 06.647'
VES 5 High School N 25°41.418', E 94° 05.926'

Fig. 3.2: a) Taking VES 1 data at Forest colony

b) Measuring the length of spacing for current electrodes from VES 2 at Cathedral
c¢) Noting the resistivity data from VES 4 data at Kenuozou colony

d) Measuring the resistivity data from VES 5 at High School colony
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e) SSR-MP-ATS Resistivity meter instrument

3.3 LABORATORY STUDIES

Groundwater samples were collected during pre-monsoon and post-monsoon
seasons from fifty locations in and around Kohima town (Table 3.2). According to
standard procedures, the samples were analyzed in the laboratory for drinking water

quality parameters (Bureau of Indian Standards, 2012).

Table 3.2: Location table of the groundwater samples

SAM | LOCATION | TYPE OF | COORDIN ELEVA | WELL | WELL
PLE | (NAME OF | WELL | -ATES -TION | DEPT- | DIAM-
NO. | COLONY) (m) H (m) | ETER(m)
Al Agri Farm | Ring Well | N 25°39.512' 1512 8.53 0.91
(Private) | E 94°05.665’
A2 Upper Agri | Ring Well | N 25°39.436' 1571 12.80 0.91
(Private) | E 94°05.486’
A3 | Upper Forest | Ring Well | N 25°39.618' 1394 8.08 0.91
(Private) | E 94°05.277'
A4 | Lower Forest | Ring Well | N 25°39.716' 1362 7.04 0.91
(Private) | E 94°05.203'
AS Forest Ring Well | N 25°39.651' 1455 3.54 0.91
(Private) | E 94°05.395’
A6 Lower Agri | Ring Well | N 25°39.695’ 1423 4.88 0.91
(Private) | E 94°05.580’
A7 Lower Jail | Ring Well | N 25°39.641' 1446 6.34 0.91
(Private) | E 94°05.756’
A8 Upper Ring Well | N 25°39.769’ 1405 9.45 0.79
Merhulietsa | (Private) | E 94°05.667'
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A9 Lower Ring Well | N 25°39.870’ 1362 8.38 0.91
Merhulietsa | (Private) | E 94°05.443'

A10 Lower Ring Well | N 25°40.082’ 1365 26.25 0.91
Merhulietsa | (Private) | E 94°05.444'

All Hospital Ring Well | N 25°40.139’ 1404 10.94 0.91
(Communi | E 94°05.927'

ty)

Al12 | New Market Spring N 25°40.157' 1402 1.98 0.91
(Private) | E 94°06.015’

Al3 Daklane Ring Well | N 25°40.165’ 1391 3.66 0.91
(Private) | E 94°06.134'

Al4 Daklane Ring Well | N 25°40.429’ 1400 11.58 0.91
(Private) | E 94°06.400'

Al5 | NagaBazar | Ring Well | N 25°40.613' 1398 3.66 0.82
(Private) | E 94°06.470’

Al6 | Pezielietsie | Ring Well | N 25°40.914' 1432 9.75 0.91
(Private) | E 94°06.391'

Al17 | Pezielietsie | Ring Well | N 25°40.950’ 1404 10.06 0.82
(Private) | E 94°06.322’

A18 | High School | Ring Well | N 25°41.473' 1347 6.40 0.91
(Private) | E 94°05.993’

A19 | High School | Ring Well | N 25°41.284' 1400 12.19 0.91
(Private) | E 94°05.922’

A20 Peraciezie | Ring Well | N 25°41.204' 1418 5.79 0.91
(Private) | E 94°06.102’

A21 Old Pond N 25°39.285' 1577 0.91 0.91
Ministers’ | (Communi | E 94°05.589’

Hill ty)

A22 Old Ring Well | N 25°39.090’ 1625 9.45 0.79

Ministers’ (Private) | E 94°05.680'
Hill
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A23 New Ring Well | N 25°39.063' 1579 4.88 0.76
Ministers’ (Private) | E 94°06.031’
Hill
A24 New Ring Well | N 25°39.126' 1547 8.53 0.91
Ministers’ (Private) | E 94°06.353’
Hill
A25 Old Ring Well | N 25°39.228' 1543 9.36 0.91
Ministers’ (Private) | E 94°05.907’
Hill
A26 Lerie Ring Well | N 25°39.307 1480 6.10 0.91
(Private) | E 94°06.034'
A27 AG Ring Well | N 25°39.536’ 1377 12.92 0.91
(Private) | E 94°06.702’
A28 Lerie Ring Well | N 25°39.117 1490 7.16 0.91
(Communi | E 94°06.541'
ty)
A29 Lerie Ring Well | N 25°39.197 1434 4.88 0.91
(Private) | E 94°06.570’
A30 Upper Ring Well | N 25°39.501' 1481 6.40 0.91
Chandmari (Private) | E 94°06.156’
A3l Lower Ring Well | N 25°39.506’ 1386 13.11 0.91
Chandmari (Private) | E 94°06.422’
A32 | Lower PWD | Ring Well | N 25°39.864’ 1375 10.12 0.91
(Private) | E 94°06.404’
A33 Lower Ring Well | N 25°39.839’ 1466 4.97 0.91
Midland (Private) | E 94°06.107'
A34 Upper Ring Well | N 25°40.110’ 1401 6.71 0.91
Midland (Private) | E 94°06.405'
A35 PR Hill Ring Well | N 25°39.436' 1522 3.35 0.91
(Communi | E 94°05.859’
ty)
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A36 Lower PR | Ring Well | N 25°39.628' 1485 12.19 0.91
Hill (Private) | E 94°05.916’

A37 Officer’s Ring Well | N 25°39.865' 1472 7.07 0.91
Hill (Private) | E 94°05.916’

A38 Daklane Ring Well | N 25°40.257' 1379 10.06 0.91
(Private) | E 94°06.412’

A39 Daklane Ring Well | N 25°40.839’ 1397 7.32 0.91
(Private) | E 94°06.465'

A40 | Upper Naga | Ring Well | N 25°40.481' 1416 9.45 0.91
Bazar (Private) | E 94°06.472'

A41 Kezieke Ring Well | N 25°40.603’ 1416 3.05 0.64
(Private) | E 94°06.602’

A42 | Pezielietsie | Ring Well | N 25°40.846' 1397 4.05 0.82
(Private) | E 94°06.474’

A43 | Pezielietsie | Ring Well | N 25°40.988’ 1424 6.40 0.91
(Private) | E 94°06.467'

A44 Themezie Ring Well | N 25°41.041' 1380 7.92 0.82
(Private) | E 94°06.057’

A45 Sepfuzou Ring Well | N 25°40.881’ 1378 11.58 0.91
(Private) | E 94°06.186’

A46 Lower Ring Well | N 25°41.369’ 1397 5.49 0.91
Bayavu (Private) | E 94°06.053'

A47 Upper Ring Well | N 25°41.313' 1414 6.10 0.82
Bayavu (Private) | E 94°06.284'

A48 | Pezielietsie | Ring Well | N 25°41.036' 1411 7.07 0.91
(Communi | E 94°06.454'

ty)

A49 Kenuozou | Ring Well | N 25°40.991' 1469 12.98 0.91
(Private) | E 94°06.666'

A50 D Block Ring Well | N 25°40.301’ 1396 4.42 0.91
(Private) E 94°06.573'
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Quantitative estimation of various physico-chemical parameters like pH, TDS,
EC, Turbidity, TH, TA, major cations (Ca*", Mg**, K*, Na*), major anions (HCO5~, SO4>",
NOs7, CI', F) and heavy metals like Fe, Cu, Cd and As were done. BIS (2012) and WHO
(2004) guidelines for drinking water standards were used for the physico-chemical
parameters.

The following types of instruments were used to measure the physico-chemical

properties of groundwater (Table 3.3 and Fig. 3.3).

Table 3.3: Instruments used to measure the groundwater samples

Sl. Measured Instruments/Methods Laboratory
No. | Parameters
1. pH, TDS and EC Portable pH, TDS and | Dept. of Geology, Nagaland
EC meter University, Kohima
2. TA, Turbidity and | Colorimetric technique | Dept. of Geology, Nagaland
ClI- using Orlab  Water | University, Kohima
Testing kit
F~, NOs3™ and Fe Dept. of Geology, Nagaland
3. University, Kohima
S04 Spectrophotometer CSIR, NE Institute of Science
and Technology, Jorhat,
Assam
4. Na"and K" Flame Photometer DGM, Govt. of Nagaland
5. TH, HCOs", Ca?" | Volumetric methods DGM, Govt. of Nagaland
and Mg*"
6. Cu, Cd and As Atomic Absorption | NASTEC, Dept. of Science
Spectroscopy and Technology, Govt. of
Nagaland
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Fig. 3.3: Types of instruments used for testing groundwater samples
a) Titration using volumetric method

b) Flame photometer

c) Atomic Absorption Spectroscopy
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d) Spectrophotometer

e) Orlab water testing kit

f) pH, EC and TDS meter
3.3.1 Determination of pH

pH was measured in the field right after groundwater sampling and determined by
using Octopus Inc. pH meter Model no Ecotestr pH 1. The groundwater sample was kept
in a glass beaker and the pH meter was inserted into the water sample. The readings that
are displayed are noted.

3.3.2 Determination of Total Dissolved Solids (TDS)

TDS was measured in the field right after groundwater sampling and determined
by using Octopus Inc. TDS meter Model no Ecotestr TDS High. The groundwater sample
was kept in a glass beaker and the TDS meter was inserted into the water sample. The
readings that are displayed are noted. TDS is measured in mg/L
3.3.3 Determination of Electrical Conductivity (EC)

EC was measured in the field right after groundwater sampling and determined by
using Octopus Inc. EC meter Model no Ecotestr EC Low. The groundwater sample was
kept in a glass beaker and the EC meter was inserted into the water sample. The readings
that are displayed are noted. EC 1is measured in the unit of uS/cm
(microsiemens/centimeter)

3.3.4 Determination of Turbidity

Turbidity was measured using the Turbidity Sacchi Disc Icon. It is measured by
the degree to which water loses its transparency due to the presence of suspended solids.
The unit of turbidity is Nephelometric Turbidity Unit (NTU) which signifies the intensity
of light scattered at 90 degrees as a beam of light passes through the water sample.

3.3.5 Determination of Total Alkalinity (TA)

A 10 ml measure of water sample was taken in a clean conical flask. One
alkalinity indicator tablet was added to it and then dissolved by mixing. The colour
changed to blue green. Alkalinity reagent was added drop by drop to the conical flask
until the solution colour changed from blue-green to pink. The total alkalinity in water
was measured by multiplying the number of drops that were added by 25 factor and
expressed in mg/L.

3.3.6 Determination of Total Hardness (TH), Calcium and Magnesium
Using the Eriochrome black-T indicator, TH of groundwater sample is calculated

by titrating against a standard solution of known strength EDTA
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(ethylenediaminetetracthanoic acid). Calcium and Magnesium ions reacts with
Eriochrome black-T to produce a wine-red colour under alkaline conditions because
EDTA reacts with calcium and magnesium to produce a soluble chelated complex.
Calcium and magnesium 1ons get complexed upon the addition of EDTA as a titrant,
resulting in a quick change in colour from wine red to blue, signifying the endpoint of a
titration. By computing the difference between TH and calcium, the magnesium
concentration in the groundwater was determined. TH, calcium and magnesium are
measured in mg/L.
3.3.7 Determination of Sodium and Potassium

Sodium and potassium ions were both calculated using flame photometer. The
intensity of the light being emitted is measured using a flame photometer. The wavelength
of the flame's colour changes when a metal is introduced, and this wavelength indicates
how much of each element is contained in the sample. Sodium and potassium are
expressed in mg/L.
3.3.8 Determination of Bicarbonate

Bicarbonate is determined by titration of the water sample utilizing
phenolphthalein and methyl orange as indicators against a standard sulphuric acid. First,
indicator phenolphthalein is added to the sample. The standard acid is then added drop-
wise and the pink colour vanishes when all of the carbonate in the sample water is
converted to bicarbonates. Methyl orange indicator is then added to the sample and
titrated against the standard sulphuric acid. When the end-point is achieved, the colour
turns from yellow to orange. Bicarbonate is expressed in mg/L.
3.3.9 Determination of Chloride

10 ml of water sample is measured in a clean conical flask. One chloride indicator
tablet was added into it and dissolved by mixing. The colour then changed to yellow.
Chloride reagent was added drop by drop to the solution until the colour changed from
yellow to red brown. The chloride content in water was obtained by multiplying the
number of drops that were added by 17.73 factor. The concentration of chloride is
expressed in mg/L.
3.3.10 Determination of Sulphate, Nitrate, Fluoride and Iron

Sulphate, nitrate, fluoride and iron are determined by Spectrophotometer model
number Spectroquant Pharo 100. The method of spectrophotometry measures the

intensity of light when a light beam passes through a sample solution to determine how
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much light is reflected by a chemical substance. The basic principle is that each molecule

has a specific wavelength spectrum where light is either absorbed or emitted.

3.3.11 Trace elements

Copper, Cadmium and Arsenic were measured from Atomic Absorption
Spectroscopy. AAS is an analytical method for measuring out how much of a particular
element is in a sample. It is based on the principle that atoms and ions may absorb light
with a certain, distinct wavelength. The atom absorbs the energy or light when it is present
at this particular wavelength. The electrons transition from their ground state to their
excited state. The concentration of the element is calculated in the sample by measuring

the amount of light that is absorbed.

34  DATA PROCESSING
3.4.1 Ionic balance error

For each sample, the accuracy of the concentration of total cations and total anions
is expressed in milli equivalent per liter (meq/L) and the ionic-balance-error has been
used to check the accuracy of chemical analysis of the groundwater samples. The IBE
percentage is given by

o, IBE= X Cations— X Anions % 100

¥ Cations+ X Anions
Where, Cations= (Ca*'+ Mg*'+ K'+ Na")
Anions= (HCO3+ SO4*+ NO5;+ Cl+ F)

The groundwater samples in the present study were detected to have ionic balance

error percentages that were £5% of the acceptable limit (Domenico and Schwartz, 1990).

3.4.2 Statistical analysis
Statistical techniques were employed to describe how much the data set varied

and to compare it to other data sets. It is given in four different ways:

. . Xx;
1. Central tendency (arithmetic mean) x = Tl

)2
2. Dispersion (standard deviation) (o) = 2 H? (9;} X)
3. Relative standard deviation (coefficient of variance) CV = % x 100

4. Degree of association among chemical variables (correlation coefficient)

r= Z (xi_z)_(yi_y)

.oy .0y
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where, x; is a random variable,

n is the total number of observations,
df is the degree of freedom,

yi 1s another random variable,

ox 1s the standard deviation of x; and

oy is the standard deviation of y;

3.4.3 Electrical resistivity
The most popular technique for determining subsurface geology and groundwater
studies is Electrical Resistivity. Vertical Electrical Sounding (VES) technique was first
introduced by Schlumberger in 1934. The VES approach utilizing the Schlumberger setup
was chosen for this investigation because it allows for quicker and more cost-effective
fieldwork and easy access to software for data interpretation (Todd, 1980; Selvam et al.,
2010). The field resistivity data were collected using an SSR-MP-ATS resistivity metre.
The IPI2WIN software was used to evaluate the field data.
VES methodology
1. Five electrodes are being used and measurements are made for different values of
the expanding current electrode while keeping the centre of the electrode fixed.
it.  The two outer electrodes, which represent the source of the current, are the current
electrodes, whereas the two inner electrodes, which represent the receiver, are the
potential electrodes.

iii.  The potential difference (pV) is measured with the aid of the potential electrodes
pair such as M and N produced by the introduction of the current (I) between the
current electrodes pair such as A and B. The illustration is presented in Fig. 3.4.

iv.  The current electrode spacing is kept greater than the potential electrode spacing,
with all four electrodes stretched out in a straight line. The potential electrode

spacing (MN) is five times lesser than the current electrode spacing (AB).
AB MN

—>5—
2 2
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Fig. 3.4: Diagram of Electrical Resistivity principle (Clark and Page, 2011)
The resistivity metre calculates and displays the subsurface resistivity for each
sounding. The apparent resistivity ‘p.’ of a geologic formation for a heterogeneous
medium, which is equivalent to the true resistivity for a specific electrode

configuration, is given by

k&
Pa= K7

T2 p
K: 2l(L %),

where K is the geometric component that varies depending on the geometry of
each electrode spacing configuration (AB = 2L; MN = 2L).

Four basic kinds of sounding curve types with resistivity values of p1, p2, and p3
are offered depending on the resistivity values with depth, with p1 being the first
resistivity value followed by p2 and p3:

a) pl>p2>p3: Q-type.

b) pl <p2<p3: A-type.

c) pl>p2<p3: H-type.

d) pl <p2>p3: K-type.

Water Quality Index (WQI)

In order for a layman to understand the status of the water source, WQI is used

to convert a complex combination of water quality data into comprehensible and

exploitable information (Balan et al., 2012). In the current investigation, the "Weighted

Arithmetic Water Quality Index" methodology, was employed (Brown et al., 1972 and
Cude, 2001).

1. The unit weight (W,) factors for each parameter is calculated by the formula W,, = s£

n
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1
1/S1+1/S,+1/Sz+....+1/Sy

1

Ea—
X5,

where, K =

K

Sw= Desirable standard value of the n™ parameter

The total of all selected parameters, unit weight factor W= 1 (unity)

[(Vn_Vo)]
[(Sn_Vo)]

2. The sub-index value (Q,) is calculated by the formula Q,, = x 100

where, Vo= Mean concentrations of the n' parameter

Sw= Desirable standard value of the n™ parameter

Vo= The actual value of parameters in pure water (V,=0, for majority of the
parameters except for pH)

_ [wH-7)]
QpH = T2 X 100

3. From steps 1 and 2, WQI is calculated as follows

2 WnQn

Overall WQI =
vera Q W,

3.4.5 Wilcox diagram
Wilcox (1955) defined a Na-percentage in terms of meq/l of the major cations.
The relative proportion of K™ and Na* compared to other cations in water is usually given

as the percentage of Na among the major cations stated by the relation

(Na+K)x100
(Ca+Mg+Na+K)

% Na=

To determine if water is suitable for irrigation, Wilcox presented a diagram in

which sodium percentage is plotted against electrical conductivity or total salt content.

3.4.6 U.S. Salinity diagram

A categorization chart for irrigation waters with descriptions of 16 classes was
issued by the United States Regional Laboratory (US Salinity Laboratory Staff, 1954).
This categorization determines the salinity hazard of irrigation water by measuring TDS
in terms of EC. The index for sodium hazard has been determined based on the sodium

adsorption ratio (SAR) proposed by Richards (1954). It is described by
Na

JCa+Mg/2

where meq/L is the unit of measurement for the constituent concentrations

SAR=
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3.47 Permeability Index

The ability of water to flow through a rock or soil is referred to as permeability.
Permeability data is commonly used in groundwater research, particularly when
investigating aquifer contamination. A high concentration of alkaline earth metals in soil
reduces soil infiltration and permeability, resulting in decreased production of crops. The
Permeability Index (PI) proposed by Doneen (1954) is calculated by

Na++VHCO
PI= Na+ vHCO; X 100
Ca+Mg+Na

where meq/L is the unit of measurement for the constituent concentrations

3.4.8 Piper’s trilinear diagram

Piper (1944) introduced the Piper's trilinear diagram to classify groundwater based
on the geochemical characteristics of the constituent ionic concentration. A diamond-
shaped field lies between two triangular fields, one at the lower left and the other at the
lower right, in the Piper diagram. The ten divisions of the diamond-shaped field are shown
in Fig. 3.5 and described below:
1= Calcium bicarbonate type
2= Sodium chloride type
3= Mixed type of calcium sodium bicarbonate type
4= Mixed type of Calcium magnesium chloride type
5= Calcium chloride type
6= Sodium bicarbonate type
7 (1+4+5) = Alkaline earths (Ca & Mg) exceed alkalies (Na & K).
8 (2+3+6) = Alkalies (Na & K) exceed alkaline earths (Ca & Mg).
9 (1+3+6) = Weak acids (CO3& HCOs) exceed strong acids (SOs& Cl).
10 (2+4+5) = Strong acids (SOs& Cl) exceed weak acids (CO3& HCO3).

The divisions of the cationic and anionic triangle are given as follows:
A= Calcium type
B & H= No dominant type
C= Magnesium type
D= Sodium and Potassium type
E= Bicarbonate type
F= Sulphate type
G= Chloride type
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Fig. 3.5: Piper’s Trilinear Diagram sub-division

3.4.9 Geospatial techniques

GIS is an important tool for making geospatial maps which has been widely used
to compute numerous groundwater applications. (Shirazi et al., 2012; Sadat-Noori et al.,
2013; Das et al., 2017; Shimpi et al., 2019; Adimalla et al., 2022). In the current research,
the inverse distance weighted (IDW) interpolation technique using the ArcGIS 10.8
software was used to create geospatial distribution maps for all the physico-chemical
parameters, hydrological maps for depth to water level maps, groundwater level

fluctuation maps, and the WQI geospatial map.
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CHAPTER 4
GEOELECTRICAL STUDIES

4.1 INTRODUCTION

Geophysical techniques have been widely utilized in the search for groundwater,
minerals and ores, oil, and petroleum. For groundwater and subsurface studies, a number
of geophysical exploration techniques are extensively applicable. Gravity, seismic,
magnetic, and electrical techniques are a few of the essential geophysical techniques.
Seismic prospecting includes logging the intensity and time of elastic wave energy
(seismic waves) reflected from a specific depth of the earth (Dobrin and Savit, 1988). On
the other hand, the earth's natural force field is measured using gravity and magnetic
methods. The electromagnetic and electrical methods use reflection and refraction
principles. The source can be either natural or artificial. Geoelectrical surveys of
geophysical prospecting is often used for locating groundwater potential zones and
determining the quality of groundwater. It offers details on geological features like faults,
joints, fissures, and fractures. The physical properties and composition of the subsurface
geological units, level of weathering, thickness, and depth of the underlying bedrock are
additional factors that geophysical investigation can greatly influence. Based on the
geophysical properties of the earth, several methodologies are used to identify
groundwater potential zones, delineate aquifers, and locate other natural resources such
as minerals, oil, and coal (Harinarayana and Naganjaneyulu, 2003).

Electrical resistivity survey plays an important role in the study of
hydrogeology to determine the depth to water-bearing zones by measuring the electrical
conductivity of groundwater and the resistivity of rock materials (Shenoy and Lokesh,
2000). The interpretation of the resistivity data can be used to describe the subsurface
features. According to Zohdy et al. (1974), if there is a good electrical resistivity contrast
between the water-bearing formations and the underlying rocks, resistivity methods can
be successfully used for groundwater research. The matrix minerals in rocks are typically
insulators. Interstitial fluids in fluid-containing rocks conduct current electrolytically, and
porosity, water content, and the quantity of dissolved salts all affect resistivity. However,
clay minerals have the ability to store electrical charges, and both electronic and
electrolytic current conduction can occur (Zohdy et al., 1974). Compared to fresh rocks,

the water-bearing weathered and fractured rocks have lower electrical resistivity values.
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4.2  VERTICAL ELECTRICAL SOUNDING (VES)

In the 1920s the principle of vertical electrical sounding was introduced (O.H.
Gish and Rooney, 1925). In order to look for groundwater in porous and fissured
mediums, resistivity studies can be utilized in the form of vertical electrical soundings
(VES) or horizontal profiling (R. Barker, 1980; Van Overmeeren, 1989). A specific field
method for identifying the various electrical properties with depth is vertical electrical
sounding (VES). This approach involves measuring apparent resistivity values at the
same reference point, known as the sounding point, that correlate to progressively
increasing electrode spacing. Resistivity distribution in the vertical direction is
determined using the VES method. The subsurface is thought to form from lateral
homogenous, isotropic layers that are horizontally stratified (Zohdy, 1989).

The use of VES techniques was restricted to shallow investigations until recently,
because electronic measuring devices with adequate sensitivity were not readily available
and partially because deeper penetration would have required a greater number of
resistivity layers than could be included in any set of standard resistivity curves. The only
method of interpretation was the standard curves using the curve matching procedures.
With the aid of portable equipment and the introduction of powerful computers, recent
advancements in electronics have made it possible to conduct investigations in deep
depths and interpret the results. The rapid advancements in microprocessors and related
numerical modeling methods have significantly boosted the application of geophysics
over the past ten years for both the mapping of groundwater resources and the assessment
of water quality. Due to the method's ease of use, vertical electrical sounding (VES) has
proven to be especially useful with groundwater research. Test hole drilling and log
analysis are traditional methods for determining the layer’s thickness and lateral extension
which have the drawbacks of being time-consuming and expensive (Kalinski et al., 1993)

The electrical resistivity method can be used to find the contamination of
groundwater. With the increase in contamination, the electrical resistivity of water
decreases as the ion concentration in the water increases (Frohlich and Urish, 2002).
However, if ground inhomogeneities and anisotropy are present, limitations with
resistivity methods can be anticipated (Matias, 2002). The lithology and fluid content of
a rock affects its electrical resistivity. When sandstone which is coarse-grained and well-
consolidated is saturated with fresh water, it has a higher resistivity than that of an
unconsolidated silt with the same porosity and water. Additionally, identical porous rock

samples have different resistivities depending on the salinity of the saturating water. The
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rock's resistivity decreases as the water's salinity increases. Thus, when sandstone is
saturated with salt water and shale is saturated with fresh water, it is very feasible for two
different types of rock, such as shale and sandstone, to be of practically the same
resistivity. Because of this, the number and thickness of the geoelectric units discovered
using VES measurements at a location could differ from the ones discovered through
geological means.

The primary objective of a VES at a particular location is to obtain a real
resistivity log without actually drilling the well, similar to the induction log of a well. The
resolution of the VES approaches is lower than that of the induction log because of some
inherent limitations. The VES however continues to be the most inexpensive technique
for subsurface investigations. They are better than the more expensive seismic approach.
Whether a sandstone body's pores are filled with fresh or brackish water, the seismic
signal associated with it would be the same. On the other hand, if there are minute
variations in water salinity, its resistance varies. The low cost and this characteristic make

the VES methods ideal for groundwater investigation.

4.3 SCHLUMBERGER CONFIGURATION

In 1934, Schlumberger introduced the VES methods. Since then, a wide range of
VES arrays have been created (Keller and Frischknecht, 1966) but the Schlumberger
array has remained the finest for depth sounding and depth profiling

The Wenner and Schlumberger arrangements are the most widely used among the
conventional electrode spacing configurations that have been adopted. Schlumberger
setup was employed in the current investigation because these surveys take less time and
money to complete the task than collecting sediment cores and well data. The
Schlumberger VES method gives good depth sensitivity, high signal-to-noise ratios, and
strong horizontal layer resolution (Ward, 1990). Additionally, borehole data only offers
information on the aquifer in close vicinity to the well, whereas geophysical surveys offer
non-invasive spatial images of the aquifer.

When performing VES in Schlumberger configuration, the potential electrodes
are set in place and left there for a while the current electrodes are moved symmetrically
on the outer edges. After the resistivity measurements are recorded, the current electrodes
are symmetrically shifted further away from the center point. The resistivity of depths can

be found in this manner. The composition of the earth is heterogeneous. Therefore, each
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substance and rock in the subsurface must have a unique resistivity. The resistivity of

different geological mediums is shown in Fig. 4.1 (Palacky, 1987).
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Fig. 4.1: Resistivity values for different geological mediums

44  RESULTS OF VES DATA

The properties of subsurface layers have been analyzed qualitatively and
quantitatively at five locations in the study region to characterize aquifer characteristics.
The location map of the VES stations is given in Fig. 4.2. The interpretation of the results
is greatly influenced by the resistivity of layers in shallow depths. There are numerous
well-established techniques for interpreting VES data, including curve matching
techniques like those described by Orellana and Mooney in 1966 and the automatic
interpretation computer program developed by Zohdy in 1974. The parameters ‘p’ and ‘h’
of a geoelectric model were calculated based on these interpretations. There are standard
curves like the A-type, H-type, K-type, and Q-type, and also for multiple layers of
structure. These common curves and sets of curves offer a fundamental understanding of

the curve-matching technique.
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In the present investigation, the resistivity data were collected using an SSR-MP-
ATS resistivity metre, and the data were interpreted using the IPI2Win version 3.0.1.a
software which was developed by the Moscow State University. [IPI2Win has created a
numerical computer-automated fit of resistivity data, allowing for quicker and more
precise data interpretation. Modern computer software is easily accessible and enables
efficient interactive and automatic study of sounding curves. Using a Schlumberger array
to carry out VES, resistivity data were collected from the ground, and apparent resistivity
data were modelled based on the type of field survey employed. The resistivity model is
updated based on a comparison of calculated and observed data. The process of

continuously comparing field-collected data with calculated data produces the result.
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4.4.1 VES data analysis using quantitative and qualitative method
The VES data is interpreted quantitatively and qualitatively. The direct method, a

quantitative interpretation method gives the details of the thickness, depth, true resistivity

of the layers and number of layers. The statistics are shown in Table 4.1.

Table 4.1: Quantitative analysis of resistivity and thickness of layers from VES data

VES Resistivity p Thickness h Depth d (m) | Number of
station (2 m) (m) layers
VES1 | pl=297 h1=3.18 d1=3.18
p2=82.4 h2=9.48 d2=12.7 4
p3=8.67 h3=11.6 d3=24.2
p4= 10681 - -

VES2 | pl=283 hl =1.42 dl=1.42
p2= 1809 h2=2.02 d2=3.44 4
p3=114 h3=26.3 d3=29.7
p4=0.371 - -

VES3 | pl=36.8 h1=10.625 d1=0.625
p2=243 h2=6.87 d2=7.49 4
p3=57.9 h3=8.29 d3=15.8
p4= 27630 - -

VES4 | pl=95.8 h1=0.959 d1=0.959
p2=35.71 h2=1.09 d2=2.05 4
p3=2134 h3=2.03 d3=4.08
p4=82.4 - -

VESS | pl=637 h1=1.98 d1=1.98
p2= 183 h2=15.6 d2=17.5 3
p3=12.2 - -

The qualitative interpretation on the other hand is done using the curve matching
method which gives the type of curve and information about the layers (Barseem et al.,
2015). These curve types are used to interpret the lithology. For each of the 5 VES
locations, the curve types are generated (Table 4.2). The curves have been interpreted

using the resistivity values rather than the resulting graphs.
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Table 4.2: Qualitative analysis of curve types from VES data

VES Curve type Curve Characteristics No. of Geo-electric layer
VES 1 QH pl1> p2> p3< p4 4
VES 2 KQ pl<p2>p3>p4 4
VES 3 KH pl< p2> p3< p4 4
VES 4 HK pl>p2< p3> p4 4
VES 5 Q pl>p2>p3 3

The sounding curves in the study area are of the type QH, KQ, KH, HK and Q
Curve. The interpretation of VES curves gave 4 and 3 geoelectric subsurface layers,
namely topsoil, fractured shale, weathered shale and sandstone layers (Loke et al., 1996
and Ezung et al., 2021). Overall, the resistivity varied from 0.371 to 27630 Q m with the
minimum resistivity found in VES station 2 and the maximum resistivity at VES station

3. The VES curve types are briefly discussed below.

4.4.1.1 QH type curve

QH type at VES 1 (Fig. 4.3) shows resistivity of the type p1> p2> p3< p4. The
first layer is the top soil with a resistivity of 297 Qm and a thickness of 3.18 m. The
second layer is composed of a fractured layer of shale with a resistivity of 82.4 Qm and a
thickness of 9.48 m. The third layer has a resistivity of 8.67 Qm and is made of weathered
shale which constitutes a shallow aquifer of good quality (freshwater) groundwater (Fig.
4.1) found at a depth of 24.2 m. The basement layer is composed of a hard and compact
sandstone block with a resistivity of 10681 Qm.
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Fig. 4.3: Vertical electrical sounding curve at VES 1 (p. — apparent resistivity
(Q2m); AB/2 — distance (m))

4.4.1.2 KQ type curve

KQ type at VES 2 (Fig. 4.4) gives a four-layer model of p1< p2> p3> p4. The first
layer is the top soil with a resistivity of 283 Qm and a thickness of 1.42 m. The second
layer is composed of a hard and compact layer of sandstone with a resistivity of 1809 Qm
and a thickness of 2.02 m. The third layer has a resistivity of 114 Qm and is made of a
weathered shale layer with a thickness of 26.3 m. The fourth layer is composed of a saline
water bearing zone with a resistivity of 0.371 Qm (Fig. 4.1). There is a large difference
in resistivity values of freshwater (Around 10 to 100 Qm) and saltwater (<1 Qm) in Fig

4.1 so the presence of saltwater can be easily detected in the aquifer.
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Fig. 4.4: Vertical electrical sounding curve at VES 2 (pa — apparent resistivity (Qm); AB/2

— distance (m))

4.4.1.3 KH type curve

KH type is found at VES 3 (Fig. 4.5) with a four-layer model of p1< p2> p3< p4.
The first layer is the top soil with a resistivity of 36.8 Qm and a thickness of 0.625 m. The
second layer has a resistivity of 243 QOm and a thickness of 6.87 m which is composed of
a fractured layer of shale. The third layer has a resistivity of 57.9 Qm and is made of a
weathered shale layer with a thickness of 8.29 m which may be considered a suitable zone
for groundwater. The fourth layer composed of the bedrock is of hard and compact

sandstone with a high resistivity of 27630 Qm.
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Fig. 4.5: Vertical electrical sounding curve at VES 3 (pa. — apparent resistivity
(Qm); AB/2 — distance (m))

4.4.1.4 HK type curve

HK type at VES 4 (Fig. 4.6) gives a four-layer model of p1> p2< p3> p4. The first
layer is the top soil with a resistivity of 95.8 Qm and a thickness of 0.959 m. The second
layer has a resistivity of 5.71 Qm with a thickness of 1.09 m which reveals the presence
of water. The third layer is made up of a sandstone layer showing a resistivity of 2134
Qm and a thickness of 2.03 m. The fourth layer is composed of fractured shale with a
resistivity of 82.4 Qm.
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Fig. 4.6: Vertical electrical sounding curve at VES 4 (p, — apparent resistivity
(Qm); AB/2 — distance (m))

4.4.1.5 Q type curve

Q type curve is found at VES 5 (Fig. 4.7) and gives a three-layer model of p1>
p2> p3. The first layer is the top soil with a resistivity of 637 Qm and a thickness of 1.98
m. The second layer is composed of a fractured layer of shale with a resistivity of 183
Qm and a thickness of 15.6 m. The third layer is the groundwater zone with a resistivity

of 12.2 QOm.
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Fig. 4.7: Vertical electrical sounding curve at VES 5 (p. — apparent resistivity
(Qm); AB/2 — distance (m))
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CHAPTER 5
PHYSICO-CHEMICAL CHARACTERS OF GROUNDWATER
5.1 INTRODUCTION

Groundwater quality depends on a number of factors like soils, precipitation,
weathering, ion exchange, the nature of bedrock and various biological processes (Todd
and Mays, 2013). The geochemical processes in an aquifer are strongly related to its
geological formations, groundwater flow, residence time, etc. Anthropogenic pollution
sources also affect groundwater quality to a great extent. In India, untreated sewage
discharge is the main source of pollution in both surface and groundwater. Investigation,
treatment and evaluation of groundwater quality are thus needed to improve health

conditions.

In the study area, water supply for drinking purposes is mainly from rivers and
streams. However, with the increase in population, there has been a scarcity of water,
especially during dry seasons and urbanization has led to the production of large amounts
of waste and contamination. There is a prerequisite to carefully monitor groundwater and
check the quality for drinking purposes in Kohima town. Monitoring drinking water
quality has become a vital part of water management and data analysis is fundamental for

the characterization and identification of groundwater quality issues.

Several researchers worldwide have used major ion chemistry to evaluate the
geochemical processes and groundwater contamination in the aquifer.
Hydrogeochemistry and statistical analysis are widely used in groundwater contamination
assessment. According to Thilagavathi et al. (2012), understanding hydrogeochemistry is
essential to determine the origin of the chemical composition of subsurface water. Hence,
the important groundwater parameters like pH, TDS, EC, Turbidity, TH, TA, major
cations (Ca®*, Mg?*, K*, Na*), anions (HCO3, SO4*, NOs', CI, F), Fe and trace elements
like Cd, Cu and As were analyzed to examine the physico-chemical characters of

groundwater in Kohima town.
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5.2 HYDROGEOCHEMISTRY

Fifty groundwater samples were evaluated in Kohima town for physico-chemical
parameters where the data is given in the tabular form. They have been compared with
the guidelines of BIS (2012) and WHO (2004) for drinking purposes which are given in
Table 5.1. The trace element As was found to be absent in the groundwater samples in
both the pre- monsoon and post-monsoon seasons of 2019 and 2021. The minimum,
maximum, mean, standard deviation and coefficient of variance of the groundwater
samples during the pre-monsoon and post-monsoon periods of 2019 and 2021 are
displayed in Tables 5.2, 5.3, 5.4 and 5.5. The hydrochemical facies are determined by
arranging the ion percentages (Khan et al., 1972) in descending order of abundance. The

ionic dominance pattern is thus found to be Na* > Ca?*> K* > Mg?* for cations and HCO3

> Cl > S04%> > NOs > F for anions.

Table 5.1: Guidelines for drinking water *BIS (2012) and **WHO (2004)

Parameters | Acceptable limit | Permissible limit
pH 6.5-8.5* No relaxation*
TDS 500* 2000*
EC 750%* -
Turbidity 1* 5*

TH 200* 600*

TA 200* 600*
Mg?* 30* 100*
Ca?* 75* 200*

K* 12** -

Na* 50** 200**

HCOs 300** -
SO 200* 400*
NOs 45* No relaxation*
Cl 250* 1000*
F- 1* 1.5*
Fe 0.3* No relaxation*

Cd 0.003* No relaxation*

Cu 0.05* 1.5*

As 0.01* 0.05*
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Table 5.2: Analytical data of the groundwater samples of the study area (Pre-monsoon

2019)
SP?_'\é' o DS EC Td“ig/" TA Mg Ca K Na HCO3 SO4 NO3 ¢l F Fe cd Cu
O, (my/L) (us/em) () (MOIL) (ML) (/L) (mg/L) (mglL) (Mg/L) (/L) (mg/L) (mgL) (Mg/L) (mglL) (/L) (mg/L) (moiL)
Al 6 229.6 410 0 126.72 75 15.29 25 31.71 60.08 80.18 25.2 25 100 0 0 BDL BDL
A2 6.5 231.8 380 0 121.30 75 8.05 35 25.49 60.3 126.27 45.65 0 75 0 0.3 BDL BDL
A3 7 187.2 260 0 113.72 25 12.20 25 25.95 5559 70.15 44.33 20 75 0 0.4 BDL BDL
A4 75 131.1 230 0 100.16 75 6.59 29 20.2 55.85 134.18 52.61 10 25 0 0 BDL BDL
A5 7 540 750 0 234.22 250 2.20 90 53.55 82.98 336.72 55.87 0 75 0 0.3 BDL BDL
A6 6 388.6 670 0 171.62 50 21.22 33 27.13 6554 76.12 44.12 45 100 0 0.08 BDL BDL
A7 8 4425 750 0 121.10 225 10.98 30 43.75 111.47 392.84 29.68 10 50 0.5 0.21 BDL BDL
A8 7 466.2 740 0 236.58 150 27.76 48 26 66.13 196.42 54.46 20 75 0 0.23 BDL BDL
A9 7 352.8 490 0 151.22 75 12.20 40 31.35 60.7 140.3 36.67 10 75 0 0.16 BDL BDL
Al0 65 2684 440 0 189.70 150 21.95 39 16.33 5256 196.42 38.12 0 50 0 0.16 BDL BDL
All 65 182 260 0 128.67 50 18.73 20 1349 53.88 89.18 48.35 10 75 0 0.13 BDL BDL
Al2 8 375.2 670 0 308.95 200 29.51 74 16.55 58.85 364.78 49.06 0 25 0 0 BDL BDL
Al3 9 383.4 540 0 222.66 225 6.59 78 39 201 364.78 167.43 45 75 0.5 0.11 BDL BDL
Ald 9 825.5 1270 0 231.02 350 9.17 77 51.83 9275 477.02 131.89 10 50 0.5 0.13 BDL BDL
Al5 7 684.4 1180 0 344.72 275 42.20 67 52.79 7194 505.08 79.65 10 75 0.5 0 BDL BDL
Al6 5 363 550 0 206.78 50 27.80 36 5.32 55.44 112.24 63.97 10 75 0 1.22 BDL BDL
Al7 6.5 441 700 0 280.05 200 40.49 44 5.48 59.29 308.66 78.9 0 75 0.5 0.29 BDL BDL
Al8 7 331.2 480 0 151.83 75 18.29 30 21.35 58 104.18 52.48 10 75 0 0.12 BDL BDL
Al19 6 1207 1700 0 352.96 575 34.63 83 19.7 94.09 302.84 118.97 0 100 0 1 BDL BDL
A20 7 298.2 420 0 177.34 75 21.39 35 2598 62,92 128.21 94.54 10 75 0 0.05 BDL BDL
A21 75 2769 390 0 123.79 150 22.93 11 18.37 53.98 154.33 56.87 0 25 0.5 0.06 BDL BDL
A22 7 144.95 261 0 82.12 50 11.22 14 9.83 2474 70.15 29.51 0 25 0.5 0.34 BDL BDL
A23 7 197.2 290 0 124.89 75 14.85 25 20.31 53.2 104.18 59.45 10 50 0.5 0.21 BDL BDL
A24 6 365.8 590 0 189.53 25 27.27 30 20.92 5391 86.12 59.35 45 75 0.5 0.04 BDL BDL
A25 85 390 600 0 130.56 150 15.61 26 50.81 84.41 22448 14.87 10 75 0.5 056 BDL BDL
A26 7 284 400 0 138.55 50 20.49 21 28 69.28 104.18 75.12 10 75 0 0 BDL BDL
A27 8 348 600 0 186.99 75 24.88 33 27.17 71.36 168.36 54.16 10 75 0 0.16 BDL BDL
A28 8.5 200.6 340 0 168.67 50 21.71 31 15.11 55.16 134.18 71.27 10 50 0 0.14 BDL BDL
A29 6 292.4 430 0 159.82 50 23.17 25 18.33 64.99 112.24 57.71 10 75 0.5 0 BDL BDL
A30 6 359.6 580 0 161.29 50 22.93 26 25.44 66.8 104.18 75.14 10 75 0.5 053 BDL BDL
A3l 6 336 600 0 134.38 100 8.78 39 35.89 67.68 168.36 29.15 20 75 0.5 0.45 BDL BDL
A32 85 9936 1380 0 245.48 475 19.76 65 56.06 86.9 34538 23.34 20 100 3 0 BDL BDL
A33 85 5475 750 0 197.32 150 23.17 40 50.72 7274 224.48 19.67 10 125 0.5 0.04 BDL BDL
A34 75 285 500 0 163.63 50 16.34 38 33.74 7154 11418 58.18 45 75 0.5 0 BDL BDL
A3 75 568 800 0 223.01 50 25.12 47 46.25 77.67 196.42 48.15 20 100 0 0 BDL BDL
A36 8 524.4 760 0 193.15 150 11.46 58 25.12 56.49 24254 26.76 10 100 0.5 0 BDL BDL
A37 6 315 500 2 217.72 75 32.20 33 31.07 8159 150.3 47.37 10 125 0.5 0.39 BDL BDL
A38 75 336.4 580 2 188.46 50 24.63 34 3146 8232 122.24 53.14 10 125 0 1.49 BDL BDL
A39 6.5 784 754 0 345.59 300 35.85 78 50.52 82.03 392.84 45.19 0 100 0.5 0 BDL BDL
A40 75 649 1100 0 254.89 100 33.90 45 4195 87.02 168.36 94.18 10 125 0.5 0.19 BDL BDL
A4l 6.5 710 1000 0 444 .29 300 62.93 72 51.93 7485 477.02 54.16 0 100 0.5 0.56 BDL BDL
Ad2 6 433.1 610 0 157.73 125 17.32 34 55.57 83.8 112.24 48.19 10 150 0.5 0.2 BDL BDL
A43 65 4828 680 0 219.46 100 29.63 38 25.2 75.81 170.3 88.15 10 75 0.5 0.08 BDL BDL
A44 75 403.2 720 0 205.30 225 28.05 35 50.33 93.12 280.6 75.12 10 75 0.5 0 BDL BDL
A45 85 522 900 0 244.89 275 33.90 41 50.19 104.15 364.78 85.73 0 75 0.5 2.05 BDL BDL
A46 6 4725 750 0 199.40 50 29.02 31 47.07 76.22 116.12 47.12 10 150 0 0.21 BDL BDL
A47 65 3894 590 8 339.68 175 36.83 74 3.31 55.42 278.66 33.56 0 125 0 237 BDL BDL
A48 75 4824 720 0 310.71 175 37.07 62 3291 7101 25254 81.1 0 100 0.5 333 BDL BDL
A49 65 212.4 360 0 112.24 50 12.44 24 30.09 62.01 96.12 42.28 10 75 0.5 0.13 BDL BDL
A5L0 6 220.1 310 0 76.22 25 12.20 10 3147 6521 76.12 37.37 10 75 0.5 3.53 BDL BDL
Max 9 1207 1700 8 444,29 575 62.93 90 56.06 201 505.08 167.43 45 150 3 3.53 - -
Min 5 131.1 230 0 76.22 25 2.20 10 3.31 2474 70.15 14.87 0 25 0 0 - -
Mean 7.04 417.11 6347 0.24 198.22 139 22.46 4156 3136 72.10 202.37 58.07 115 81 0.33 0.44 - -
SD 0.93 213.42 299.49 1.19 78.62 116.51 11.32 20.08 14.63 24.21 120.30 28.78 11.79 28.82 0.46 0.79 - -
CV 1322 5117 47.19 49487 39.66 8382 50.40 4833 46.64 3358 59.45 4956 10253 3558 138.97 180.31 - -
Max= Maximum, Min= Minimum, SD= Standard Deviation, CVV= Coefficient of

Variance, BDL= Below detection limit
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Table 5.3: Analytical data of the groundwater samples of the study area (Post-monsoon

2019)

i’?_’;’ o TDS  EC T”itr;"d T TA Mg Ca K Na HCO3 so4 NO3 ¢C F Fe cd cCu
NO. (mg/L) (nS/em) (NTU) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L)
Al 67 44161 695 0 11583 75 980 30 1712 10624 954 641 0 125 0 01 BDL BDL
A2 68 51071 687 5 9833 125 200 36 1446 13234 1942 578 0 80 0 428 BDL BDL
A3 71 33009 485 0 7333 50 860 15 1306 8374 988 5232 0 65 05 035 BDL BDL
A4 73 37361 655 0 100.00 100 240 36 1216 86.26 1276 5077 0 65 05 003 BDL BDL
A5 74 108173 1455 0 35750 450 19.80 110 651 168.38 5368 87.08 0 100 05 014 BDL BDL
A6 61 81871 1175 0 12750 50 13.80 28  40.63 21192 2188 150.32 25 135 05 005 BDL BDL
A7 69 586.09 890 3 11167 125 1000 28 27.3 14707 1852 9798 10 8 05 013 BDL BDL
A8 73 80581 1095 0 16917 200 1180 48 2636 19152 290.6 7209 65 105 05 013 BDL BDL
A9 71 68178 969 0 20167 50 31.60 28 1834 15554 1986 1241 25 105 05 009 BDL BDL
A0 65 31166 557 0 16000 75 1920 32 36  37.68 1376 4909 0 35 05 005 BDL BDL
All 71 51189 779 0 11000 50 2040 10 1502 140.96 101 12554 0 105 0 004 BDL BDL
Al2 73 60031 829 0 30583 250 2540 80 6 7764 2762 7462 0 65 05 0 BDL BDL
Al3 77 116921 1595 0 33000 250 3240 78 255 2735 3472 19012 10 215 05 0 BDL BDL
Al4 74 127061 1728 0 36333 300 3680 84 348 2921 3516 1768 65 235 05 013 BDL BDL
Al5 7.2 98118 1388 0 27417 300 3880 45 313 2114 3852 15192 25 100 05 003 BDL BDL
A6 6 58846 957 5 17000 75 2400 28 7.9 1365 1476 4698 65 135 05 045 BDL BDL
Al7 71 65176 891 0 24583 150 3500 40 14 1296 2152 11148 0 110 05 016 BDL BDL
Al8 74 64881 938 0 20417 75 3100 30 192 1393 2076 11475 10 100 0 009 BDL BDL
A19 67 1402.89 1885 0 27833 375 2000 78 824 3356 4392 1952 25 235 05 152 BDL BDL
A20 74 32991 598 0 10000 50 1020 23 144 76 688 4509 10 85 05 0 BDL BDL
A21 66 26545 453 0 6833 50 11.00 9 53 6469 788 3221 10 60 0 004 BDL BDL
A22 74 16031 287 0 6000 50 720 12 462 1915 71 2788 0 25 05 001 BDL BDL
A23 75 33941 601 0 12000 50 1680 20 199 669 832 401 10 8 05 015 BDL BDL
A24 61 34541 567 0 12833 50 2000 18 137 657 932 6032 10 70 05 009 BDL BDL
A25 82 499.09 725 0 13083 125 1580 26 187 1121 193 3999 10 85 05 01 BDL BDL
A26 65 40896 735 0 9167 50 1180 17 157 1038 892 9542 10 70 0 0 BDL BDL
A27 68 62233 993 0 14667 75 1900 27 214 1537 1576 11165 25 110 0 004 BDL BDL
A28 69 589.05 936 0 13750 150 2160 19 438 119 2174 4176 45 85 05 005 BDL BDL
A29 62 40564 728 0 8167 75 760 20 121 1024 1232 7632 10 60 0 005 BDL BDL
A30 6.1 52359 825 0 8250 50 780 20 231 1458 121 7599 25 110 0 02 BDL BDL
A31 65 537.97 925 0 14167 100 2140 21 172 1259 1542 8275 10 110 05 026 BDL BDL
A32 75 96067 1385 0 26000 425 2400 64 133 1791 5002 3353 0 150 15 0 BDL BDL
A33 82 74778 1124 0 11250 100 1500 20 256 2095 2452 911 10 135 05 0 BDL BDL
A34 7.7 45265 849 0 9167 50 1120 18 151 1165 101 703 25 100 05 0 BDL BDL
A35 6.7 44459 801 0 13667 75 1720 26 249 885 1564 3999 10 85 05 0 BDL BDL
A36 81 63976 1117 0 18667 175 1120 56 531 1478 2574 5275 10 105 05 0 BDL BDL
A37 66 37348 608 2 18833 100 2780 29 113 55 1198 3998 10 8 05 303 BDL BDL
A38 73 54658 941 0 10000 50 1140 21 192 1508 1392 9041 0 120 05 024 BDL BDL
A39 69 87754 1244 0 25250 275 3300 46 166 2016 2928 15474 10 125 05 003 BDL BDL
A0 67 79811 1258 0 13917 75 1540 30 25 2222 1998 17616 0 135 05 012 BDL BDL
A4l 7 52026 934 2 36000 325 40.80 76 239 124 3904 984 45 60 05 052 BDL BDL
A42 64 35456 593 0 12917 75 1900 20 247 1605 1476 7396 0 155 05 012 BDL BDL
A43 63 41123 665 0 12333 50 1880 18 145 1835 1568 7831 10 160 05 007 BDL BDL
Ad4 7 30703 521 0 14333 125 1640 30 13 1389 1864 804 0 110 05 268 BDL BDL
A45 74 30571 548 3 11458 175 1190 26 8 2011 2376 9616 O 155 05 124 BDL BDL
A46 61 36105 645 0 12333 75 1880 18 162 1904 1412 10521 25 155 05 019 BDL BDL
A47 69 30078 530 0 27417 275 3340 54 666 1086 2944 6275 0 85 05 18 BDL BDL
A48 73 40076 710 0 18583 200 1220 54 137 1364 246 9862 0 100 05 092 BDL BDL
A9 69 25054 380 0 7417 25 1120 11 148 682 556 551 O 70 05 007 BDL BDL
A50 54 20086 280 0 19667 25 4000 12 16 788 1096 10265 10 85 05 21 BDL BDL
Max 82 1402.89 1885 5 363.33 450 40.80 110 824 3356 5368 1952 65 235 15 428 - -

Min 54 16031 280 0 6000 25 200 9 36 1915 556 2788 0 25 0 0 - -

Mean 695 560.96 86318 04 16556 1335 10.03 345 19.84 13948 199.65 8646 133 1066 043 044 - -

SD 059 278.03 35449 118 8247 10840 9.95 2269 1416 64.02 11262 43.03 1731 4363 025 089 - -

CV 842 4956 4107 29451 49.81 8120 5226 6576 7139 4590 5641 4977 13014 40.93 5759 202.36 - -

Max= Maximum, Min= Minimum, SD= Standard Deviation, CV= Coefficient of

Variance, BDL= Below detection limit
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Table 5.4: Analytical data of the groundwater samples of the study area (Pre-monsoon

2021)

SP’?‘_'\E" on DS EC Td“iIS' (;;L (r:]-:/‘l_ Mg Ca K Na HCO3 SO4 NO3 ClI F Fe cCd cCu
NO. (mg/L) (uS/cm) (NTU) ) ) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L)
Al 6.5 203.01 351 0 12056 50 16.80 20 11 80.3 97.95 8541 99 63.19 0 0.04 0 0
A2 65 23312 410 2 170.64 100 1920 36 175 1455 10431 7354 04 18546 O 1.08 0 0
A3 83 153.87 262 0 11048 50 1440 20 6.5 1238 81.13 46.17 59 17092 O 0.48 0 0.16
A4 75 169.56 303 0 13048 75 1440 28 159 113.8 121.13 79.57 39 99.92 0 0 0 0.11
A5 7.1 57534 968 1 52184 350 3020 74 23.3 134.6 417.24 8402 14 17665 05 0.25 0 0.08
A6 6.2 368.72 641 1 18088 50 26.40 28 114 128 9795 62.01 99 17411 05 0.06 0.009 0.07
A7 7.3 396.03 677 0 160.64 225 1920 32 125 157.1 301.34 5498 24 15319 05 0.5 0 0
A8 6.5 38691 695 0 24096 175 28.80 48 55 1044 208.62 7115 55 10165 O 0 0 0
A9 7.2 27119 466 0 170.64 125 1920 36 6.2 1194 17385 1895 15 17892 O 0.08 0 0
Al0 6.5 243.18 379 0 210.80 125 2400 44 142 1295 162.26 8737 1.7 13546 0.39 0.03 0 0
All 69 187.73 335 1 14056 75 16.80 28 3.6 120 118.13 86.75 0 11192 0 0.08 0 0
Al2 7.1 37837 629 0 35152 275 29.60 44 12.7 1573 301.34 93.26 0 120.92 05 0.03 0 0
Al3 7.4 729.56 991 0 41152 125 35.60 68 24 205.1 32452 122.12 17.8 17865 0.5 0 0 0
Al4 8 78202 1112 0 280.88 325 26.40 48 23 286.6 394.06 111.76 20 194.11 05 0.3 0 0.06
Al5 7.4 62598 1080 1 422,00 300 40.00 37 27 250.3 452.01 11852 3.1 148.65 0.62 0.06 0 0.08
Al6 6.1 376.85 603 0 190.88 225 3340 32 19.6 3053 369.54 127.85 1.3 216.38 0.06 1.45 0 0
Al7 7.1 42217 720 5 34168 225 40.40 52 7.9 2441 359.75 129.48 0 188.65 0.33 164 0.056 0.45
Al8 7.7 254.67 438 1 160.72 75 21.60 21 19 311 267.95 150.05 11.2 223.19 0 0.33 0 0
Al19 7.1 78846 1120 10 401.84 225 4520 48 53.7 388.9 71536 56.98 0.4 283.68 044 533 0.048 0.09
A20 7 271.83 470 0 20096 50 2180 22 221 1919 15954 9546 19.2 168.65 0.06 0.06 0 0.11
A21 6.6 120.85 203 0 12064 25 1220 16 21 56.73 86.36 55.79 0 48.46 0 0 0 0.08
A22 7.1 145.95 224 0 7024 75 7.20 16 3.15 36.96 57.95 4851 0 27.73 0 0.03 0

A23 7.2 203.67 350 0 13056 50 16.80 18 5.9 1265 99.54 72.87 5 123.19 05 0.14 0 0.15
A24 75 271.82 470 5 190.80 50 24.00 26 6.1 128.1 127.95 104.79 0 11319 05 0.7 0 0.38
A25 8 134.16 239 0 80.32 50 9.60 16 3.88 3435 7954 6.31 0.4  45.46 0 0.03 0 0
A26 6.8 209.28 325 0 12056 50 16.80 17 8.8 217.4 164.77 120.62 0 169.19 0 0.03 0 0
A27 7.5 326.68 580 0 18072 75 1560 20 11.7 2058 148.13 8857 86 18092 O 0.03 0 0
A28 7.6 28243 393 0 15056 75 12.80 16 29.8 1749 151.13 84.77 57 14592 0.05 041 0 0.25
A29 6.4 28272 398 0 14064 50 1920 16 189 146.6 11595 89 0 13992 0 0.05 0 0
A30 5.8 398.79 553 0 160.72 50 1760 21 282 149.2 89.36 59.85 472 16411 O 0.04 0 0
A3l 6.5 326.64 573 1 22096 125 18.80 33 39 1703 178.67 79.83 3.6 14692 0 153 0.015 0.19
A32 7.6 67545 998 0 230.64 400 1920 60 9.4  323.2 409.96 167.42 0 196.38 1.77 0.05 0 0.06
A33 7.7 451.83 779 1 22088 175 16.40 31 27.1 2095 208.62 85.69 105 184.11 0.15 0.31 0 0.09
A34 75 42292 749 0 24104 50 2120 18 289 261.6 187.95 163.97 21.6 188.65 0.5 0.05 0 0
A35 7.2 575.38 960 1 33128 150 24.40 32 15.7 2422 232.26 109.33 24 19957 05 0.38 0 0.17
A36 7.2 388.18 639 0 19056 100 12.80 38 417 2094 19749 96.65 135 188.65 O 0.04 0 0.06
A37 7.3 271.03 472 0 211.04 75 21.20 19 404 219.6 162.72 125.02 4.1 198.65 0.15 0.39 0 0.05
A38 7.3 364.24 622 10 120.24 50 7.20 22 27.6 262.8 169.95 138.2 0 199.11 1.08 0.11 0 0.1
A39 7.1 521.33 891 0 351.20 350 26.00 50 3.7 2915 359.29 139.74 0.4 196.38 05 0.13 0 0
A40 7.8 62591 995 0 23080 100 17.00 32 41.9 260 219.38 16488 0 196.98 0.5 0.26 0 0
A4l 6.8 526.95 944 0 452.00 300 30.00 40 7.2 2809 361.24 194.17 0.4 188.65 0.5 0.44 0 0
A42 6.3 42817 761 0 22088 75 2640 30 215 2413 2259 16436 O 178.11 0.28 0.26 0 0.5
A43 6.9 451.34 813 0 261.04 150 21.20 32 11.7 2927 277.03 17091 116 186.38 0.1 0 0 0
Ad4 7.6 428.87 758 0 180.64 200 1320 30 12.3 298.6 243.39 176.52 0 188.65 0.23 0.04 0 0
A45 7.7 526.42 897 1 21072 275 21.60 41 145 299.1 347.7 157.08 0 183.19 0.13 0.57 0 0
A46 59 401.11 698 0 14040 50 1200 36 224 218.7 243.92 113.01 30 14184 05 0.18 0 0
A4T 6.7 344.95 561 1 300.64 200 19.20 58 8.52 110.54 263.52 74.88 0 10319 O 0.2 0 0.11
A48 7  428.85 752 1 32120 175 36.00 41 12.1 2244 301.34 152.06 O 176.38 0.15 0.38 0 0.2
A49 6.8 216.78 384 0 14048 100 1440 32 11 212.3 17431 11431 O 17546 05 0.03 0 0
A50 5.7 159.34 284 0 60.32 25 9.60 8 254 236.8 193.18 118.18 5.1 153.19 05 0.06 0 0.09
Max 8.3 788.46 1120 10 521.84 400 45.20 74 53.7 388.9 715.36 194.17 47.2 283.68 177 533 0.06 0.5
Min 5.7 120.85 203 0 60.32 25 7.20 8 3.15 3435 57.95 6.31 0 27.73 0 0 0 0
Mean 7.05 374.61 6183 0.86 218.06 138 21.26 32.62 17.22 196.78 226.13 103.85 6.14 160.06 0.28 0.37 0.00 0.08
SD 0.59 170.83 259.64 2.16 103.86 100.03 8.63 1445 11.34 80.53 12545 4215 949 4814 033 081 001 0.12
CV 832 4560 4199 250.84 47.63 72.49 40.62 44.29 65.85 40.93 55.48 40.59 154.40 30.07 119.30 218.09 410.77 153.65

Max= Maximum, Min= Minimum, SD= Standard Deviation, CVV= Coefficient of

Variance, BDL= Below detection limit
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Table 5.5: Analytical data of the groundwater samples of the study area (Post-monsoon

2021)
S/;\_I\éIP H TDS EC Tdui:bi TH TA Mg Ca K Na HCO3 sS04 NO3 ClI F Fe Cd Cu
NO. P (mg/L) (uS/cm) (NT{J) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L)

Al 6.8 42312 589 0 12167 50 10.00 32 252 1232 913 735 10 112 0 0.06
A2 6.9 560.13 756 13750 75 6.00 45 1567 1383 187.7 56.8 0 80 0 1.02
A3 7.9 31314 499 8792 50 7.90 22 11.08 8534 768 456 10 60 04 033
A4 7.6 399.98 701 11542 75 3.10 41 1145 9251 1157 459 0 30 03 001
A5 7.5 875.34 1569 391.25 250 20.10 123 56.2 1722 5295 86.1 0 80 06 012
A6 6.4 67586 1176 150.00 50 1560 34 56.9 256.8 202.7 1431 34 120 0.4  0.04
A7 6.9 526.14 937 137.08 150 13.10 33 3556 156.8 191.8 100.7 12 65 0.6 0.3
A8 6.8 557.11 962 20542 150 1570 56 3454 2122 2845 76.3 23 80 0.2 0
A9 7.4 45123 785 24125 150 3570 37 2534 1658 161.7 1216 11 95 0 0.05
Al0 6.6 343.65 598 129.17 75 1480 27 28 56.45 1218 56.8 0 45 0 0.08
All 7.3 43512 654 13958 75 2570 13 227 1653 741 1213 12 100 0 0.05
Al2 6.7 496.67 834 28292 275 2230 76 7.8 8323 2678 784 0 56 0
Al3 7.8 799.84 1416 360.00 275 36.60 83 356 2865 3113 1863 12 200 0.6 0
Al4 8.1 812.02 1456 41417 325 4120 97 457 3116 336.8 1632 54 115 0.4 013
Al5 7.6 695.16 1217 330.00 300 45.60 56 435 2259 3813 1659 23 80 03 0.04
Al6 6.5 496.77 886 21250 250 34.80 27 89 1312 1417 36.2 12 85 02 061
Al7 75 48932 858 25417 225 34.00 45 132 1179 2113 109.7 0 112 0.4 053
Al8 8 45487 785 206.67 175 29.80 33 231 1301 1932 1341 13 85 0 0.23
Al9 7.2 82422 1456 311.83 225 25.04 83 98.4 340 4218 1768 34 214 0.2 15
A20 7.5 33115 587 146.88 75 1845 28 16.6 8065 625 57.6 8 89 0.4  0.03
A21 6.8 360.82 503 9417 50 17.80 8 46 7567 682 56.8 9 76 0.3 0
A22 7.8 23545 391 62.92 50 6.70 14 78 2123 691 346 0 45 06 0.01
A23 7.7 45361 723 12375 75 1470 25 16.7 7335 815 438 11 60 03 011
A24 7.1 341.82 551 172.08 50 2570 26 154 76.12 883 76.3 13 70 0.4 0.2
A25 79 37414 546 159.17 75 1960 31 16.7 1237 1731 329 8 81 0.6  0.05
A26 7.3 43922 612 12375 50 1530 24 16.4 110 795 89.6 9 65 0 0
A27 7.8 52656 915 18583 75 2240 37 26.7 186.8 134.6 1213 14 95 0 0.12
A28 7.8 42823 723 15042 100 20.50 26 39.6 122 2117 346 35 70 0 0.18
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A29 6.6 43214 711 10042 75 8.50 26 113 1136 982 787 7 65 0.03

A30 6.1 45866 814 122.08 75 1550 23 33.6 165.7 1115 654 13 95 0.08 0
A3l 6.9 476.17 857 16542 150 2350 27 186 131.2 1456 76.6 17 95 05 078 001 0.06
A32 8 69556 1138 242.08 375 2570 54 11.8 167.8 498.1 45.2 6 145 1 0 0
A33 7.6 584.16 803 176.67 100 26.80 26 32.1 2347 2115 895 5 120 04 0.26 0
A34 7.8 42256 671 13042 50 1630 25 157 122 956 66.7 22 85 0.4 0 0
A35 7.1 64511 985 15625 75 1590 36 224 9123 1328 49.1 7 90 02 011 0.05
A36 7.8 658.13 954 227.08 175 16.70 63 47 1547 246.7 472 9 95 0.2 0

A37 75 49437 714 189.17 75 2560 33 99 6712 1114 355 6 116 02 0.26 0
A38 7.8 48476 761 11750 50 12,60 26 22.3 1535 109.8 685 5 115 0 0.11 0.01
A39 7.8 52187 891 280.42 225 3490 54 195 2116 2879 1413 7 115 0.4 0 0
A40 75 66511 1023 198.33 125 20.60 45 35 2547 1149 985 9 120 0.4 018 0

A41 7.3 656.23 983
A42 6.8 42876 665
A43 6.8 451.13 813
A44 79 42819 674
A45 7.2 52652 773
A46 6.3 527.87 762
A47 6.8 39423 651
A48 69 42851 712
A49 7.3 296.15 435
A50 5.6 21954 304
Max 8.1 87534 1569

33250 300 39.60 67 20.8 135.7 367.2 775 32 65 05 039
169.17 75 2740 22 321 188.7 1148 572 11 145 04 018
16417 75 2560 23 223 1912 1415 66.5 9 154 0.4 0

17750 175 2220 34 165 1279 1788 73.1 7 80 05 0.03
149.17 200 16.60 32 7.8 1945 2237 89.6 0 87 04 074
160.83 50 23.60 25 22.6 1865 138.1 974 13 145 04 013
303.75 225 3510 63 95 9845 2911 56.3 0 95 0 0.15
222.08 200 16.70 61 16.8 1258 2341 89.1 0 90 04 0.23
10333 75 1640 14 178 6123 498 65.1 0 67 0.4 0
296.25 75 6210 15 20 7123 893 982 9 80 0.3 0.1
41417 375 6210 123 984 340 5295 1863 54 214 1 15
0
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3 04
Min 56 219.54 304 0 62.92 50 3.10 8 28 2123 498 329 30 0 0
Mean 7.25 500.33 81558 0.22 19264 136 2252 39.52 23.14 147.39 185.27 83.16 11.22 9458 029 0.19 0.00 0.03
SD 0.56 147.88 27237 0.74 8276 8952 11.17 2317 16.59 68.27 11339 3896 11.03 3542 023 029 0.00 0.07
CV _7.78 29.56 3340 334.78 42.96 65.83 49.60 58.63 71.68 46.32 61.20 46.85 98.27 37.45 77.92 15243 4218 2115

Max= Maximum, Min= Minimum, SD= Standard Deviation, CVV= Coefficient of

Variance, BDL= Below detection limit
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52.1 pH

pH (potential of hydrogen) is used to express the hydrogen ion activity in water
on a logarithmic scale. The pH value shows the balance between acids and bases in
groundwater. Water that is close to 7 in pH is referred to as neutral, pH less than 7 is

acidic and greater than 7 is basic.
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Fig. 5.1: Geospatial distribution maps of pH during (a) 2019 Pre-monsoon
(b) 2021 Pre-monsoon (c) 2019 Post-monsoon (d) 2021 Post-monsoon

The pH ranged from 5 to 9 in the study area indicating the acidic to alkaline nature.
The descriptive statistics of pH pre-monsoon and post-monsoon groundwater samples in
2019 and 2021 are shown in Tables 5.2 to 5.5 and the spatial distribution map is shown
in Fig. 5.1. The hydrogen ion concentration of the groundwater in 2019 pre-monsoon
varies from 5-9 with a mean of 7.04; in 2021 pre-monsoon, pH varies from 5.7- 8.3 with

a mean of 7.1. Whereas, the hydrogen ion concentration of the groundwater in 2019 post-
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monsoon varies from 5.4- 8.2 with a mean of 6.95 and in 2021 post-monsoon pH varies
from 5.6- 8.1 with a mean of 7.25.

The areas with high pH (alkaline) are mostly distributed in the central and
southern parts of the study area (Fig. 5.1a, b, c and d). This is because of the dominance
of dissolved HCOs" ions, which have been known to change the pH of water (Laar et al.,
2011).

5.2.2 Total Dissolved Solids (TDS)

All solid materials that are present in solution in an ionized state and do not
include suspended colloids or dissolved gases are known as Total dissolved solids (TDS).
The amount of TDS in groundwater determines whether it is suitable for irrigation,
drinking, and other industrial uses. TDS is classified into four types of water: fresh water
(TDS < 1000 mg/L), brackish water (TDS 1,000- 10,000 mg/L), saline water (TDS
10,000- 1,00,000 mg/L) and brine water (TDS >1,00,000 mg/L) (Freeze and Cherry,
1979).

The concentration of TDS in the study area ranged from 120.85 to 1402.89 mg/L.
The descriptive statistics of TDS pre-monsoon and post-monsoon groundwater samples
in 2019 and 2021 are shown in Tables 5.2 to 5.5 and the spatial distribution map is shown
in Fig. 5.2. The TDS of the groundwater in 2019 pre-monsoon varies from 131.1- 1207
mg/L with a mean of 417.11 mg/L and in 2021 pre-monsoon, TDS varies from 120.85-
788.46 mg/L with a mean of 374.61 mg/L. Whereas, TDS concentration of the
groundwater in 2019 post-monsoon varies from 160.31- 1402.89 mg/L with a mean of
560.96 mg/L and in 2021 post-monsoon TDS varies from 219.54- 875.34 mg/L with a
mean of 500.33 mg/L.

The areas with high TDS are mostly distributed in the central and northern parts
of the study area (Fig. 5.2a, b, ¢ and d). The high TDS values are mostly found in the
Disang Group of rocks which are abundant in shale rocks. The geology of shale rocks
affects the concentration of TDS because they weather more readily than others (Water
Resources Mission Area, 2019). The TDS in the study area is within the permissible limit
for drinking (Table 5.1).
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Fig. 5.2: Geospatial distribution maps of TDS during (a) 2019 Pre-monsoon
(b) 2021 Pre-monsoon (c) 2019 Post-monsoon (d) 2021 Post-monsoon

5.2.3 Electrical Conductivity (EC)

The EC is the ability to conduct an electric current and measure of the salt content
of water which is expressed as uS/cm (micro Siemens/cm) (Karanth, 1987). EC is found
to directly affect the percentage of TDS (Shrinivasa Rao and Venkateswara, 2000).

The descriptive statistics of EC pre-monsoon and post-monsoon groundwater
samples in 2019 and 2021 are shown in Tables 5.2 to 5.5 and the spatial distribution map
is shown in Fig. 5.3. The concentration of EC in the study area ranged from 203 to 1885
puS/cm. The EC of the groundwater in 2019 pre-monsoon varies from 230- 1700 pS/cm
with a mean of 634.7 uS/cm and in 2021 pre-monsoon, EC varies from 203- 1120 uS/cm
with a mean of 618.3 uS/cm Whereas, EC concentration of the groundwater in 2019 post-
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monsoon varies from 280-1885 uS/cm with a mean of 863.18 uS/cm and in 2021 post-
monsoon EC varies from 304-1569 pS/cm with a mean of 815.58 uS/cm.
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Fig. 5.3: Geospatial distribution maps of EC during (a) 2019 Pre-monsoon
(b) 2021 Pre-monsoon (c¢) 2019 Post-monsoon (d) 2021 Post-monsoon

The EC in the pre-monsoon seasons of 2019 and 2021 are mostly distributed in
the central, eastern and northern parts while in the post-monsoon seasons of 2019 and
2021, the EC has also increased towards the western part of the study area (Fig. 5.3a, b,
c and d). The high EC values in the study area denote that there is a high concentration of
soluble salts in groundwater and anthropogenic influences like seepage of domestic and
municipal sewage are present (Hussain et al., 2002). The geospatial distribution of EC of

all the samples showed almost similar trends to that of TDS.
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5.2.4 Turbidity

Turbidity is a measurement of the cloudiness in water and is mostly caused by
suspended particles like silt, clay, plankton and other organisms, as well as light
scattering and absorption. It is expressed in NTU (Nephelometric Unit).

The turbidity in the study area ranged from 0-10 NTU. The descriptive statistics
of turbidity pre-monsoon and post-monsoon groundwater samples in 2019 and 2021 are
shown in Tables 5.2 to 5.5 and the spatial distribution map is shown in Fig. 5.4. The
highest value of turbidity in the groundwater during 2019 pre-monsoon is 8 NTU and has
a mean of 0.24 NTU while in 2021 pre-monsoon, the highest value of turbidity is 10 NTU
with a mean of 0.86 NTU. Whereas the highest turbidity concentration of the groundwater
in 2019 post-monsoon is 5 NTU with a mean of 0.4 NTU while in 2021 post-monsoon
the highest value of turbidity is 4 NTU with a mean of 0.22 NTU.

The high turbidity in 2019 pre-monsoon is found in the northern area and a small
pocket in the central area. In 2021 pre-monsoon, high concentrations of turbidity are
observed in the northern area and in small pockets towards the south. In 2019 and 2021
post-monsoon, the higher concentration of turbidity is found towards the north-west and

south-west.

There are several sources of turbidity in the groundwater of the study area. In pre-
monsoon seasons of 2019 and 2021, the groundwater level had decreased and almost
reached the bottom of the well which has mostly led to increased turbidity. Turbidity may
also be from wastewater containing residual particles, decaying plant and animal matter,

or soil erosion from building construction near the sampling sites.
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5.2.5 Total Hardness (TH)

TH is an important measure for determining the usability of water for drinking
and other domestic supplies, as it causes an unpleasant taste and reduces the ability of
soap to produce lather. Hardness is defined by the sum of the concentrations of Ca and
Mg ions which is expressed in mg/L of CaCOs. TH values are subdivided into four
degrees (Sawyer and Mc Carty, 1967) which are: soft (<75 mg/L), moderately hard (75—
150 mg/L), hard (150-200 mg/L) and very hard (>300 mg/L).

The nature of the groundwater samples is presented in the integrated water quality
diagram using TH and TDS (Fig. 5.5). The study area's groundwater quality is
predominantly hard and fresh water type. The pre-monsoon 2019 groundwater is

dominated by hard-fresh water with 58%, pre-monsoon 2021 groundwater is dominated

82|Page



by hard-fresh water with 25%, post-monsoon 2019 groundwater is dominated by
moderately hard-fresh water with 44% and post-monsoon 2021 groundwater is dominated

by hard-fresh water with 42%.

a Pre-monsoon 2019 b Pre-monsoon 2021
T
Soft ‘ Moderately hard ‘ Hard | Very hard Soft Woderately hard Hard Very hard
— —
100000 - - A - 100000 = ' i =
| |
| |
: g ; g
= z
| 3 i 5
| I
| |
| |
10000—-——-———————:———: ——————————————— 10000 - - ! e e e - - - —
\ |
= ! . |
1 = I -]
= | £ @ | 3
E | 2 E | 2
8 I N ! 2
- 1 '_ I
e |
WoF-----—-——-+-Jd-- :— : ””” 1 Wwop---——-—-=-=-4-4 e L LR ——1
i
e‘-"z : AN
% o | . %% -
g * g B L g
. - 1 . w
* 1 = | Wges =
4 |
. w'e
. .
100 : : : 100 N el
10 100 1000 10000 10 100 1000 10000
TH (mg/L) TH (mg/L)
Post-monsoon 2019 Post-monsoon 2021
C Soft ‘ Moderately hard | Hard Very hard d Soft ‘ Moderately hard Hard Very hard
|
100000 - - — 100000 - - T =
| I
| f o
i o
1 w ! ! w
1 2 [ E
1 3 1 g
1 W 1 1
! o
| | !
10000 b = = = = = = — =L - T - 10000 b - - - - ———-—-L 1 L e ]
VT | f VT !
— 1 =5 I 1 1
= 1
3 ! 2 | 3 I g
E I 2 E o 2
@ I = @ o B
a | 5 |2 o -
| o
1 ] ﬂﬁ. 1
__________ s . 2 S— L S I
1000 . '-nl 1000 3 i Y
r [ 1 i od 1§
o‘-:'.f L] n | ih?{g E
AT . g o) 3
P4 5 we oY 5
1 1 1 .
. ' 1 1
o
100 e S EE— 100 L :
10 100 1000 10000 10 100 1000 10000
TH (mg/L) TH (mg/L)
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monsoon

The value of TH was observed to be between 60 mg/L- 521.84 mg/L. The
descriptive statistics of TH pre-monsoon and post-monsoon groundwater samples in 2019
and 2021 are shown in Tables 5.2 to 5.5 and the spatial distribution map is shown in Fig.
5.6. The TH of the groundwater in 2019 pre-monsoon varies from 76.22-444.29 mg/L
with a mean of 198.22 mg/L and in 2021 pre-monsoon, TH varies from 60.32- 521.84
mg/L with a mean of 218.06 mg/L. Whereas, TH concentration of the groundwater in
2019 post-monsoon varies from 60- 363.33 mg/L with a mean of 165.56 mg/L and in

2021 post-monsoon TH varies from 62.92- 414.17 mg/L with a mean of 192.64 mg/L.
High TH values are distributed around the northern and central parts in the study
area. The TH of water is mainly due to the dispersion of chlorides, bicarbonates and

sulphates in water (Dash, 1999). The domestic effluent also increases the TH of the
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groundwater. The TH in the study area is found to be within the permissible limit for

drinking (Table 5.1).
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5.2.6 Total Alkalinity (TA)

The ability to neutralize acids is referred to as alkalinity. TA is not a chemical in
water but it is a property of water that depends on the presence of carbonate and
bicarbonate salts along with hydroxyl ions in the free salts.

The value of TA was observed to be between 25 mg/L- 575 mg/L. The descriptive
statistics of TA pre-monsoon and post-monsoon groundwater samples in 2019 and 2021
are shown in Tables 5.2 to 5.5 and the spatial distribution map is shown in Fig. 5.7. The
TA of the groundwater in 2019 pre-monsoon varies from 25-575 mg/L with a mean of
139 mg/L and in 2021 pre-monsoon, TA varies from 25-400 mg/L with a mean of 138
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mg/L. Whereas, TA concentration of the groundwater in 2019 post-monsoon varies from
25-450 mg/L with a mean of 133.5 mg/L and in 2021 post-monsoon TA varies from 50-
375 mg/L with a mean of 136 mg/L. The higher TA values are distributed around the
north-western and eastern parts of the study area. The TA concentrations in the study area
are found to be within the permissible limit for drinking (Table 5.1).

a) 2019 Pre-monsoon b) 2021 Pre-monsoon

s R 5 2EXE MTOE e

% Legend § f| |Legend g
4 7 Study Area & S % Study Area &

TA TA

Viluomgn - Value
P R |-, &
£ E £ £
z £
] Pl ]
2 bl &
z z
£ £ § ;
2 b4 ] &

=
; Pl §
H i 8
= =
i P ]
b & 8 f
i o = o o wtor s werr eere Wt
c) 2019 Post-monsoon d) 2021 Post-monsoon
sesoe sesare svave swsae serwe sesoe orsre seere swewe wroe

Legend TA . TA
il L[5 g[resene [ L
IS Study Area 0w o 1 . ¢ e[ 3]/ C3 suovaee [ O I \\%ﬂk &

/ TA s

Value y - s y - s

o High : 450 Value / A\
:| . § 5w High : 375 /’ - £
3 Low: 25 1 é -, 50 y Z

]

4 o
/
y .
L
' o
\

£
H
."/
\ [
) 8
. -4 . 4 "
. N / :

4

25°0030%

2500

25400N
25abeN
a

s
|

250N
3730

2390%
23N

Fig. 5.7: Geospatial distribution maps of TA during (a) 2019 Pre-monsoon
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5.2.7 Magnesium (Mg?"
Mg?* is a common element in the earth's crust and is found in all natural waters.
The value of Mg?* was observed to be between 2- 62.93 mg/L. The descriptive statistics
of Mg?" pre-monsoon and post-monsoon groundwater samples in 2019 and 2021 are

shown in Tables 5.2 to 5.5 and the spatial distribution map is shown in Fig. 5.8.
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The Mg?* of the groundwater in 2019 pre-monsoon varies from 2.2- 62.93 mg/L
with a mean of 22.46 mg/L and in 2021 pre-monsoon, Mg?* varies from 7.2- 45.2 mg/L
with a mean of 21.26 mg/L. Whereas Mg?" concentration of the groundwater in 2019
post-monsoon varies from 2- 40.8 mg/L with a mean of 19.03 mg/L and in 2021 post-

monsoon Mg?* varies from 3.1-62.1 mg/L with a mean of 22.52 mg/L.

a) 2019 Pre-monsoon b) 2021 Pre-monsoon

seTvE wBE seevE e seToE g WSWE EVE %ERE WTVE

Value
o High :6293

- Low : 2.20

25°ar30N

239N

25300N

WIVE WIWE WEVE WEWE WITE

c) 2019 Post-monsoon d) 2021 Post-monsoon

WSTE wsE wgvE eNE wTTE LA s; WEUE i HTVE

E Legend

& | CD studyarea
Mg

Value

£ o Hioh:62.1
Boon |-, s,

o
253930

26
25N

Fig. 5.8: Geospatial distribution maps of Mg?* during (a) 2019 Pre-monsoon
(b) 2021 Pre-monsoon (c) 2019 Post-monsoon (d) 2021 Post-monsoon

High Mg?* values are distributed around the northern parts of the study area during
pre-monsoon season and the high Mg?* concentrations are more towards the central-east

during post-monsoon seasons. Mafic minerals (pyroxene, amphibole, and olivine)
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chlorite and clay minerals are the sources of Mg?*. The Mg?* concentrations in the study

area are found to be within the permissible limit for drinking (Table 5.1).

5.2.8 Calcium (Ca?")

Ca2* is a widely distributed element of the alkaline earth metals found in natural
waters. Additionally, aquifer water that has been present for a longer period of time may

include more Ca?*, which was likely released during feldspar alteration (Hem, 1970).

The value of Ca?* was observed to be between 8-123 mg/L. The descriptive
statistics of Ca®* pre-monsoon and post-monsoon groundwater samples in 2019 and 2021
are shown in Tables 5.2 to 5.5 and the spatial distribution map is shown in Fig. 5.9. The
Ca2* of the groundwater in 2019 pre-monsoon varies from 10-90 mg/L with a mean of
41.56 mg/L and in 2021 pre-monsoon, Ca?* varies from 8-74 mg/L with a mean of 32.62
mg/L. Whereas Ca?" concentration of the groundwater in 2019 post-monsoon varies from
9-110 mg/L with a mean of 34.5 mg/L and in 2021 post-monsoon Ca?* varies from 8-123
mg/L with a mean of 39.52 mg/L.

The geospatial distribution of Ca?* in pre-monsoon and post-monsoon seasons are
almost similar i.e., higher values are found towards the northern and central part of the
study area. In soils and rocks, Ca?* can be found as absorbed ions on negatively charged
mineral surfaces. Most clastic deposits, including sandstone, shale, and others, use CaCOs3
as a cementing material. Ca®* ions are released into groundwater during the weathering
of silicate rocks in the presence of CO, (Mazor et al., 1980). The Ca?* concentrations in

the study area are found to be within the permissible limit for drinking (Table 5.1).
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Fig. 5.9: Geospatial distribution maps of Ca?* during (a) 2019 Pre-monsoon
(b) 2021 Pre-monsoon (c) 2019 Post-monsoon (d) 2021 Post-monsoon

5.2.9 Potassium (K")

K* is substantially less abundant in groundwater than Na*, Ca?* and Mg?" (Kumar
et al., 2015). The resistance of K* minerals to break down due to weathering and the
fixation of K™ in clay minerals due to weathering are the two causes of the low
concentration of K* in groundwater (Karanth, 1989). When rocks dissolve, potassium is
slowly released; as a result, concentration rises with increasing population.

The value of K* was observed to be between 2.8- 98.4 mg/L. The descriptive
statistics of K™ pre-monsoon and post-monsoon groundwater samples in 2019 and 2021
are shown in Tables 5.2 to 5.5 and the spatial distribution map is shown in Fig. 5.10. The

K* of the groundwater in 2019 pre-monsoon varies from 3.31-56.06 mg/L with a mean of
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31.36 mg/L and in 2021 pre-monsoon, K* varies from 3.15- 53.7 mg/L with a mean of
17.22 mg/L. Whereas, K* concentration of the groundwater in 2019 post-monsoon varies
from 3.6- 82.4 mg/L with a mean of 19.84 mg/L and in 2021 post-monsoon K* varies
from 2.8- 98.4 mg/L with a mean of 23.14 mg/L.
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Fig. 5.10: Geospatial distribution maps of K* during (a) 2019 Pre-monsoon
(b) 2021 Pre-monsoon (c) 2019 Post-monsoon (d) 2021 Post-monsoon

From the geospatial distribution of K in 2019 pre-monsoon, the higher values of
K* are mostly scattered towards the central, eastern and south-western parts while in pre-
monsoon of 2021, higher values of K™ are mostly scattered towards the north-western,
eastern and central areas. The post-monsoon season of 2019 and 2021 has similar
geospatial distribution of K™ with higher values found in isolated pockets towards the

north-western, western and south-eastern areas.
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Feldspar, feldspathoids and micas are the principal sources of K* in groundwater.
High K" concentrations in the study area are probably resultant from the chemical
decomposition of sylvite (KCl), silicates and especially clay minerals which are derived
from the dominant shale rocks in the study area. High K" concentrations have been found
in shallow and deep aquifers at different depths, which suggests both geogenic and
anthropogenic activities for increasing K™ in groundwater (Vero et.al.,, 2023).
Anthropogenic activities such as fertilizers and the breakdown of animal or waste
products can also add K* to groundwater (Saha et al., 2019). “Despite the possibility of
certain health effects, the amount of K* consumed through drinking water is substantially

lower at which adverse health effects may occur” (WHO, 2011).

5.2.10 Sodium (Na*)

The precipitation of sodium salts that saturated the soil in shallow water tracts, the
infiltration of sea water in coastal locations, and connate water are the main sources of
Na* in groundwater (Karanth, 1989). In humid and snow-fed areas, the sodium level of
groundwater ranges from 1 mg/L to more than 100,000 mg/L in brines. Sodium is mostly
found in natural waters due to the release of soluble byproducts from the weathering of
aquifer material.

The major cation in the study area Na* was observed to be between 19.15- 388.9
mg/L. The descriptive statistics of Na* pre-monsoon and post-monsoon groundwater
samples in 2019 and 2021 are shown in Tables 5.2 to 5.5 and the spatial distribution map
is shown in Fig. 5.11. The Na* of the groundwater in 2019 pre-monsoon varies from
24.74- 201 mg/L with a mean of 72.10 mg/L and in 2021 pre-monsoon, Na* varies from
34.35- 388.9 mg/L with a mean of 196.78 mg/L. Whereas, Na* concentration of the
groundwater in 2019 post-monsoon varies from 19.15- 335.6 mg/L with a mean of 139.48
mg/L and in 2021 post-monsoon Na* varies from 21.23- 340 mg/L with a mean of 147.39
mg/L.
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Fig. 5.11: Geospatial distribution maps of Na* during (a) 2019 Pre-monsoon
(b) 2021 Pre-monsoon (c) 2019 Post-monsoon (d) 2021 Post-monsoon

From the geospatial distribution of Na* in 2019 pre-monsoon, the higher values
of Na* are mostly scattered towards the central and north-western parts while in pre-
monsoon of 2021, higher values of Na* are mostly scattered towards the northern part.
The post-monsoon seasons of 2019 and 2021 geospatial distribution shows that the higher

values of Na* are found towards the north-western and central areas.

Vizovol (2016) stated that the high concentrations of Na* in the study area may be
due to the mixing of seawater controlled by tectonic activities. Feldspar and clay minerals
are also the natural sources of Na*and the high shale content in the study area contributes
to the Na" concentrations. According to WHO (2003), “the contribution of Na* from

drinking water to daily intake is small and not much of health concern at levels found in
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drinking water. No firm conclusions can be drawn concerning the possible association
between Na® in drinking water and the occurrence of hypertension. However,

concentrations in excess of 200 mg/L may give rise to unacceptable taste.”

5.2.11 Bicarbonate (HCO3)
According to Khan and Jhariya (2018), CO2 reacts with basic minerals in the soil
to form bicarbonate and carbonate, which are then concentrated in groundwater. The

weathering of silicate minerals produces HCOs ions (Gastmans et al., 2010).

HCOs was found to be the dominating anion in the groundwater and its value
ranges from 49.8- 715.36 mg/L. The descriptive statistics of HCO3 in pre-monsoon and
post-monsoon groundwater samples of 2019 and 2021 are shown in Tables 5.2 to 5.5 and
the spatial distribution map is shown in Fig. 5.12. The HCO3z of the groundwater in 2019
pre-monsoon varies from 70.15- 505.1 mg/L with a mean of 202.37 mg/L and in 2021
pre-monsoon, HCOsz varies from 57.95- 715.36 mg/L with a mean of 226.13 mg/L.
Whereas, HCOz concentration of the groundwater in 2019 post-monsoon varies from
55.6- 536.8 mg/L with a mean of 199.65 mg/L and in 2021 post-monsoon HCO3 varies
from 49.8- 529.5 mg/L with a mean of 185.27 mg/L.

From the geospatial distribution of HCO3 in 2019 pre-monsoon, the higher values
of HCOs are mostly scattered towards the north-western and central parts while in pre-
monsoon of 2021, higher values of HCO3 are mostly scattered towards the northern parts
of the study area. The post-monsoon season of 2019 and 2021 has similar geospatial
distribution of HCOs with higher values found in isolated pockets towards the north-
western, western and eastern areas. The increased HCOz concentration in groundwater
indicates an intense weathering of rocks, which facilitates active mineral dissolution
(Stumm and Morgan, 1996).

92| Page



a) 2019 Pre-monsoon

s wsre seTvE wSUE

b) 2021 Pre-monsoon

[ «TVE

HCO3

z Legend
§ (7, study Area
HCO3

Value
g| | High :505.08

4 B
51 (- oy 7015 43 §

; i !
; i} 5
= s
H bR
i i E §
H bo& i
c) 2019 Post-monsoon d) 2021 Post-monsoon
- Legend HCO3 A : E Legend 3
i 7% StudyArea o s m 1420m w‘é": % 2] CO sudyaea S g
HCO3 y HCO3

/’ . s Value
\ o High :5295

Value

2| — High :536.8 - £ 4 -
24 £ k3 Low : 498
S | — Low : 55.60 "N S B
g DAY )

M |
z N i B

.
\ {

2574030
pre =

N

4N
250N
F

2573030N
243590N

N
y

28N
2N

Fig. 5.12: Geospatial distribution maps of HCOs during (a) 2019 Pre-monsoon
(b) 2021 Pre-monsoon (c) 2019 Post-monsoon (d) 2021 Post-monsoon

5.2.12 Sulphate (SO4?)

SO4? naturally arises in water as a result of rock leaching. Sulphur is oxidized to
produce sulphate ions, which dissolve in the water during weathering of sulphide minerals
in contact with aerated water.

The value of SO4> was observed to be between 6.31- 195.2 mg/L. The descriptive
statistics of SO4* pre-monsoon and post-monsoon groundwater samples in 2019 and 2021
are shown in Tables 5.2 to 5.5 and the spatial distribution map is shown in Fig. 5.13. The
SO4* of the groundwater in 2019 pre-monsoon varies from 14.87- 167.4 mg/L with a
mean of 58.07 mg/L and in 2021 pre-monsoon, SO4* varies from 6.31- 144.17 mg/L with
a mean of 103.85 mg/L. Whereas, SO4> concentration of the groundwater in 2019 post-
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monsoon varies from 27.88- 195.2 mg/L with a mean of 86.46 mg/L and in 2021 post-

monsoon SO4* varies from 32.9- 186.3 mg/L with a mean of 83.16 mg/L.
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Fig. 5.13: Geospatial distribution maps of SO4* during (a) 2019 Pre-monsoon
(b) 2021 Pre-monsoon (c) 2019 Post-monsoon (d) 2021 Post-monsoon

From the geospatial distribution of SO4* in 2019 pre-monsoon, the higher values
of SO4* are mostly scattered towards the north-western parts while in pre-monsoon of
2021, higher values of SO4> are mostly scattered towards the northern areas. The post-
monsoon season of 2019 and 2021 has similar geospatial distribution of SO4* with higher
values found in isolated pockets towards the central and northern areas. The
concentrations of SO4* are found to be within permissible limit in all the groundwater
samples from the study area during pre- monsoon and post-monsoon seasons (Table 5.1).

The lower concentrations of SO4° suggest that bacterial SO4* reduction has occurred
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(Kirk et al. 2004). The low SO4> content of groundwater also indicates that the study area
lacks industries as high SO4> content indicates anthropogenic activities and industrial

processes (Mostafa et al. 2017).

5.2.13 Nitrate (NO3)

NOs in drinking water usually originates from fertilizers or animal and human
wastes. NOs concentrations in water tend to be highest in areas of intensive agriculture
or with a high density of septic systems.

The value of NOs was observed to be between 0-65 mg/L. The descriptive
statistics of NO3 pre-monsoon and post-monsoon groundwater samples in 2019 and 2021
are shown in Tables 5.2 to 5.5 and the spatial distribution map is shown in Fig. 5.14. The
NOz of the groundwater in 2019 pre-monsoon varies from 0-45 mg/L. with a mean of
11.5 mg/L and in 2021 pre-monsoon, NOs varies from 0-47.2 mg/L with a mean of 6.14
mg/L. Whereas, NOs concentration of the groundwater in 2019 post-monsoon varies
from 0-65 mg/L with a mean of 13.3 mg/L and in 2021 post-monsoon NOs varies from
0-54 mg/L with a mean of 11.22 mg/L.

From the geospatial distribution of NO3z in 2019 pre-monsoon, the higher values
of NOs are mostly scattered in isolated pockets in the central, south-eastern and south-
western parts while in pre-monsoon of 2021, higher values of NO3z are mostly scattered
in isolated pockets in the north and central parts. The post-monsoon season of 2019 and
2021 has similar geospatial distribution of NOs with higher values found distributed
unevenly throughout the study area. NOs is a non-lithological source. In natural
conditions, the concentration of NO3z does not exceed 10 mg/l in the water (Cushing et
al., 1973) so the higher concentration of NOs beyond 10 mg/l indicates anthropogenic

activity.
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Fig. 5.14: Geospatial distribution maps of NO3z during (a) 2019 Pre-monsoon
(b) 2021 Pre-monsoon (c¢) 2019 Post-monsoon (d) 2021 Post-monsoon

5.2.14 Chloride (CI)

Although CI is a minor constituent of the earth's crust, it is a major dissolved
component of natural water. In sedimentary rocks and soils, the mineral halite (NaCl) is
the principal source of its dissolution. Sewage, oil field brines, industrial waste, and
seawater all contain Cl'. Cl in combination with Na* can give drinking water a salty taste
and make it more corrosive when it is present in concentrations more than 100 mg/L.

The value of Cl was observed to be between 25- 283.68 mg/L. The descriptive
statistics of Cl pre-monsoon and post-monsoon groundwater samples in 2019 and 2021
are shown in Tables 5.2 to 5.5 and the spatial distribution map is shown in Fig. 5.15. The
Cl of the groundwater in 2019 pre-monsoon varies from 25-150 mg/L with a mean of 81
mg/L and in 2021 pre-monsoon, ClI varies from 27.73-283.68 mg/L with a mean of
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160.06 mg/L. Whereas, the Cl concentration of the groundwater in 2019 post-monsoon
varies from 25-235 mg/L with a mean of 106.6 mg/L and in 2021 post-monsoon CI varies
from 30-214 mg/L with a mean of 94.58 mg/L.
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Fig. 5.15: Geospatial distribution maps of CI during (a) 2019 Pre-monsoon
(b) 2021 Pre-monsoon (c) 2019 Post-monsoon (d) 2021 Post-monsoon

From the geospatial distribution of Cl in 2019 pre-monsoon, the higher values of
Cl are scattered throughout the study area towards the north, central and eastern parts
while in pre-monsoon of 2021, higher values of Cl are mostly scattered throughout the
north-western, central, eastern and some small pockets in the western part. The post-
monsoon season of 2019 and 2021 has similar geospatial distribution of CI with higher
values found towards the north-western part and small pockets in the central and eastern

part.
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The concentrations of Cl are found to be within the permissible limit in all the
groundwater samples from the study area during pre-monsoon and post-monsoon seasons
(Table 5.1). According to Hem (1991), CI is primarily obtained from non-lithological
sources. However, the groundwater could get Cl from the local shale rocks (Subba Rao
et.al., 2012). The poor sewage system in the study area is also an additional source of Cl

in the groundwater.

5.2.15 Fluoride (F)

F is released into groundwater from minerals like fluorite, apatite, certain
amphiboles and micas. Besides fluorine bearing minerals, F is released into the
subsurface water by the manufacture and use of phosphate fertilizers. For the calcification
of dental enamel, F is beneficial when present in drinking water in small amounts (0.8 to

1.0 mg/L). If levels are high, it can lead to dental and skeletal fluorosis.

The value of F was observed to be between 0-3 mg/L. The descriptive statistics
of F pre-monsoon and post-monsoon groundwater samples in 2019 and 2021 are shown
in Tables 5.2 to 5.5 and the spatial distribution map is shown in Fig. 5.16. The F of the
groundwater in 2019 pre-monsoon varies from 0-3 mg/L with a mean of 0.33 mg/L and
in 2021 pre-monsoon, F varies from 0-1.77 mg/L with a mean of 0.28 mg/L. Whereas F
concentration of the groundwater in 2019 post-monsoon varies from 0-1.5 mg/L with a
mean of 0.43 mg/L and in 2021 post-monsoon F varies from 0-1 mg/L with a mean of
0.29 mg/L.

From the geospatial distribution of F in 2019 pre-monsoon, the high values of F
is clustered in the eastern part while in pre-monsoon of 2021, the high F values are
scattered in the eastern part and also in small pockets in the northern and southern areas.
The geospatial distribution of F in 2019 post-monsoon shows high values clustered in the
eastern areas while in post-monsoon of 2021, the high F valuesare scattered in the eastern
parts and also in small pockets in the south-western areas. The main causes of the
concentration of F are a combination of geogenic (apatite, biotite, and clays) and
anthropogenic (chemical fertilizers) sources and prolonged water interaction with the

aquifer materials (Subba Rao, 2009).
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Fig. 5.16: Geospatial distribution maps of F during (a) 2019 Pre-monsoon
(b) 2021 Pre-monsoon (c) 2019 Post-monsoon (d) 2021 Post-monsoon

5.2.16 Iron (Fe)

Iron concentration in groundwater is mainly caused by the dissolution of iron
oxides (Singhal and Gupta, 1999). In the case of excess Fe, aeration and sedimentation
are the two major processes used to remove iron from water.

The value of Fe was observed to be between 0-5.33 mg/L. The descriptive
statistics of Fe pre-monsoon and post-monsoon groundwater samples in 2019 and 2021
are shown in Tables 5.2 to 5.5 and the spatial distribution map is shown in Fig. 5.17. The
Fe of the groundwater in 2019 pre-monsoon varies from 0-3.53 mg/L with a mean of 0.44
mg/L and in 2021 pre-monsoon, Fe varies from 0-5.33 mg/L with a mean of 0.37 mg/L.

Whereas Fe concentration of the groundwater in 2019 post-monsoon varies from 0-4.28
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mg/L with a mean of 0.44 mg/L and in 2021 post-monsoon Fe varies from 0-1.5 mg/L
with a mean of 0.19 mg/L.
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Fig. 5.17: Geospatial distribution maps of Fe during (a) 2019 Pre-monsoon
(b) 2021 Pre-monsoon (c¢) 2019 Post-monsoon (d) 2021 Post-monsoon

From the geospatial distribution of Fe in 2019 pre-monsoon, the higher values of
Fe are found in pockets mostly in the north and east direction while in pre-monsoon of
2021, higher values of Fe are found in isolated pockets in the north-west, south-east and
south-west parts. The geospatial distribution of Fe in 2019 post-monsoon has higher
values of Fe in pockets mostly in the north, east and south-west while in post-monsoon
of 2021, the Fe geospatial distribution has higher values found in isolated pockets towards
the north-west, south-east and south-west.

Fe is naturally present in the form of metal in rocks, soil, and minerals. Rainwater

absorbs Fe and other elements from the geological formations as it percolates through the
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soil and rocks, increasing the concentration of these elements in groundwater. Pumps,
pipes, and well casings may also add iron to the water. The high Fe concentration in
groundwater in the study area may result from a combination of the area's predominantly
weathered shales and anthropogenic activities. In the groundwater sampling locations
with high Fe concentrations, open drainage and sewage systems are present and one of
the sites is located next to an automobile workshop contributing to groundwater
contamination (Vero et.al., 2023).
5.2.17 Trace elements

According to Karanth (1989), specific metallic components were present in
groundwater in extremely small amounts or traces, normally not exceeding 1 ppm. These
substances are known as trace metals or trace elements. The most significant natural
source of trace elements reaching water bodies is through rock-water interaction
(Purushothan et al., 2017). According to Sujatha (2004), human activities including the
discharge of municipal sewage and industrial effluent directly transfer trace elements into
the groundwater. Due to a lack of data on heavy/ trace metal accumulation in the study
environment, Cd, Cu and As concentrations were studied to create a data background for

the study area.

5.2.17a Cadmium (Cd)

Cd concentrations in groundwater can be increased by both geogenic and
anthropogenic factors. Cd is usually found in batteries, in plastic colours and other
electronic wastes. When these get into the water system, it causes health issues. High Cd
dosages can cause cancer in humans. Cd builds up in the body of a person, particularly in
the kidneys, where it causes kidney disease which is a serious health consequence.

The value of Cd was observed to be between 0-0.06 mg/L. The descriptive
statistics of Cd pre-monsoon and post-monsoon groundwater samples in 2019 and 2021
are shown in Tables 5.2 to 5.5. The spatial distribution map of Cd pre-monsoon and post-
monsoon is shown in Fig. 5.18. The concentration of Cd in the groundwater of the study
area during 2019 pre-monsoon and post-monsoon seasons was found to be below
detection limit. Whereas the concentration of Cd in the groundwater in 2021 pre-monsoon
samples are ranging from 0-0.06 mg/LL with a mean of 0 mg/L and in the 2021 post-
monsoon samples, it is ranging from 0-0.03 mg/L with a mean of 0 mg/L.

In the geospatial distribution of Cd in 2021 pre-monsoon and post-monsoon
periods, the higher values of Cd are found in pockets in the north-west, south-east and
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south-west parts. The concentration of Cd in rocks is generally 1 mg/L and Cd is not very
much soluble, so the natural concentrations of Cd in groundwater is usually less than
0.0005 mg/L (MPCA, 1999). The Cd in the study area is found to be exceeding the
permissible limit of 0.003 mg/L (Table 5.1) in four locations (A6, A17, A19 and A31).
The measured metal concentrations might not be adequately explained by natural
processes alone. The findings of this study show that Cd concentrations have risen in
2021. This will be due to pollution from anthropogenic activities such as sewage sludge,

batteries and fuel combustion products.
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Fig. 5.18: Geospatial distribution maps of Cd during
(a) 2021 Pre-monsoon (b) 2021 Post-monsoon

5.2.17b Copper (Cu)

Cu is found in both the native form and its compounds. The water containing
copper corrodes steel fittings and galvanized iron. Laundries are also stained by Cu (Park,
2015). With increased stagnation in the pipe, the concentration of Cu can increase. Cu is
necessary for developing haemoglobin and human metabolism at low trace concentrations
(Tiwari et.al., 2013). The typical daily consumption of Cu from food is 3 mg, but too
much Cu might have negative health effects (Krishna and Govil, 2004).

The value of Cu was observed to be between 0-0.5 mg/L. The descriptive statistics
of Cu pre-monsoon and post-monsoon groundwater samples in 2019 and 2021 are shown
in Tables 5.2 to 5.5. The spatial distribution map of Cu 2021 pre-monsoon and post-
monsoon is shown in Fig. 5.19. The concentration of Cu in the groundwater of the study

area during 2019 pre-monsoon and post-monsoon was found to be below detection limit.
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Whereas the concentration of Cu in the groundwater in 2021 pre-monsoon samples are
ranging from 0-0.5 mg/L with a mean of 0.08 mg/L and in the 2021 post-monsoon
samples, it is ranging from 0-0.4 mg/L with a mean of 0.03 mg/L.

In the geospatial distribution of Cu in 2021 pre-monsoon and post-monsoon
periods, the higher values of Cu are found in pockets in the north-east, west and south-
west parts. The concentrations of Cu are found to be within permissible limit in all the
groundwater samples from the study area during pre- monsoon and post-monsoon seasons

(Table 5.1).
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Fig. 5.19: Geospatial distribution maps of Cu during
(a) 2021 Pre-monsoon (b) 2021 Post-monsoon

5.2.17c Arsenic (As)

As occurs in many oxidation states in the environment but in water, it mostly
occurs in inorganic forms such as As™ and As™>. As from weathered rocks and soils
dissolves in groundwater (Puzari et al., 2015). Anthropogenic activities such as
industrial effluents, pesticides, insecticides, and herbicides can all transmit As into
groundwater. According to Polizzotto et al. (2008), groundwater can be contaminated
by As, which may come from eroded sediments and enter the solution after being
reductively released from solid phases under anaerobic conditions. An excessive level
of As in drinking water poses serious health risks. As is toxic and carcinogenic and
even trace amounts of As in water can cause serious health problems. The groundwater

samples in the study area were confirmed to have zero As concentrations.
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53 PIPER’S TRILINEAR DIAGRAM

Piper’s trilinear diagram is one of the key methods for interpreting
hydrogeochemical facies (Piper, 1944). The graphical representation highlights the
similarities and differences between the water samples since they tend to cluster together
according to their similar qualities (Todd, 1980; Ramesh et al., 2014). The two basal
triangles show the principal cations (Ca?*, Mg?*, Na*, and K*) and anions (HCOs, SO4*>
and Cl), all of which are expressed in meg/L. The classification of water is described in
the diamond-shaped field of the diagram.

The Piper’s trilinear diagram for both pre-monsoon and post-monsoon (2019 and
2021) has been prepared and reveals that the groundwater samples of the study area fall
in the following sub-divisions -1, 2, 3, 4, B, D, E, H and G (Fig. 5.20 and 5.21). The

number of samples in each division is given in Table 5.6.

Table 5.6: Number of groundwater samples in sub-divisions of Piper’s trilinear diagram

Sub-division Pre- Pre- Post- Post-
monsoon monsoon monsoon monsoon
2019 2021 2019 2021
1 (Ca%*- HCOs
8 samples - 4 samples -
type)
2 (Na*-ClI type) 21 samples 45 samples 37 samples 46 samples
3 (Mixed Ca?*-
. 11 samples 3 samples 6 samples 4 samples
Na'- HCOs type)
4 (Mixed Ca*-
. 10 samples 2 samples 3 samples -
Mg%-Cl type)
B (No dominant
20 samples 2 samples 7 samples -
type)
D (Na*+ K" type) 30 samples 48 samples 43 samples 50 samples
E (HCO3 type) 20 samples 3 samples 10 samples 4 samples
H (No dominant
22 samples 35 samples 35 samples 39 samples
type)
G (CI type) 8 samples 12 samples 5 samples 7 samples

In 2019 pre-monsoon, the maximum number of groundwater samples with 42%
fall under sodium-chloride type of water, 16% of groundwater samples fall under calcium-
bicarbonate type, 22% of groundwater samples fall under mixed type of calcium-sodium-
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bicarbonate type and 20% of groundwater samples fall under mixed type of calcium-
magnesium-chloride type. From the cationic triangle, the maximum number of
groundwater samples with 60% fall under sodium and potassium type and 40% of
groundwater samples are under no dominant type. From the anionic triangle, the
maximum number of groundwater samples with 44% fall under no dominant type, 40%
of groundwater samples are under bicarbonate type and 16% of groundwater samples are

under chloride type.

In 2021 pre-monsoon, the maximum number of groundwater samples with 90%
fall under sodium-chloride type of water, 6% of groundwater samples fall calcium-
sodium-bicarbonate type and 4% of groundwater samples fall under mixed type of
calcium-magnesium-chloride type. From the cationic triangle, the maximum number of
groundwater samples with 96% fall under sodium and potassium type and 4% of
groundwater samples are under no dominant type. From the anionic triangle, the
maximum number of groundwater samples with 70% fall under no dominant type, 6% of
groundwater samples are under bicarbonate type and 24% of groundwater samples are
under chloride type.

Piper's Trilinear diagram (Pre-monsoon)
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Fig. 5.20: Trilinear graphical representation of pre-monsoon groundwater samples

In 2019 post-monsoon, the maximum number of groundwater samples with 74%
fall under sodium-chloride type of water, 8% of groundwater samples fall under calcium-
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bicarbonate type, 12% of groundwater samples fall under mixed type of calcium-sodium-
bicarbonate type and 6% of groundwater samples fall under mixed type of calcium-
magnesium-chloride type. From the cationic triangle, the maximum number of
groundwater samples with 86% fall under sodium and potassium type and 14% of
groundwater samples are under no dominant type. From the anionic triangle, the
maximum number of groundwater samples with 70% fall under no dominant type, 20%
of groundwater samples are under bicarbonate type and 10% of groundwater samples are
under chloride type.

In 2021 post-monsoon, the maximum number of groundwater samples with 92%
fall under sodium-chloride type of water and 8% of groundwater samples fall calcium-
sodium-bicarbonate type. From the cationic triangle, all the groundwater samples with
100% fall under sodium and potassium. From the anionic triangle, the maximum number
of groundwater samples with 78% fall under no dominant type, 8% of groundwater

samples are under bicarbonate type and 14% of groundwater samples are under chloride

type.

Piper's Trilinear diagram (Post-monsoon)
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Fig. 5.21: Trilinear graphical representation of post-monsoon groundwater samples
Piper’s trilinear diagram represented in both the pre-monsoon and post-monsoon

seasons of 2019 and 2021 reveals that the aquifer in the study area is dominated by the
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hydrochemical Na-Cl type. The alkalies exceed the alkaline earth while strong acids

exceed weak acids in the studied groundwater samples.

5.4  FACTORS GOVERNING GROUNDWATER CHEMISTRY

To understand the factors influencing the hydrochemistry of groundwater, Gibbs
diagram (Gibbs, 1970) was created for both the pre-monsoon and post-monsoon seasons
0f 2019 and 2021. The relationship between TDS versus (Na*+ K*)/ (Na"+K* +Ca*") and
TDS versus CI/ (Cl1+ HCO5") was used to generate the Gibbs diagrams. The diagram is
separated into three categories that represent rock, evaporation, and precipitation
dominance. The hydrogeochemical composition of groundwater is predominately
controlled by water-rock interactions (weathering dominance), in both pre-monsoon and
post-monsoon seasons as seen in Figs. 5.22 and 5.23, where all groundwater samples plot
in the rock dominance area. As a result, it appears that the main source of the chemical

elements dictating the groundwater quality in Kohima town is rock weathering.
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Fig. 5.22: Gibbs diagram showing the mechanism controlling groundwater chemistry in
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Fig. 5.23: Gibbs diagram showing the mechanism controlling groundwater chemistry in
post-monsoon

“It is important to determine the minerals that were involved in the interaction
between rocks and water using major ion correlation analysis” (Adimalla et al., 2020). In
Cl versus Na" scatter plots, six groundwater samples plot above the 1:1 halite dissolution
line in 2019 pre-monsoon (Fig. 5.24a). Groundwater samples which have greater Cl /Na*
ratios are likely the result of cation exchange reactions that cause the adsorption of Ca*"
on clay minerals while simultaneously releasing Na"ions (Nganje et.al., 2017). While the
majority of groundwater samples plot below the 1:1 halite dissolution line (Figs. 5.24a, e
and 5.25a, e). This implies that the groundwater has Na” concentrations greater than CI-,
which would be primarily due to rock weathering (silicate weathering) or ion exchange
process. If this is the case, the dominating ion in groundwater is usually HCO3; (Rogers,
1989).

The total cation concentration has been plotted against HCOj3 for the pre-monsoon
and post-monsoon seasons of 2019 and 2021 (Figs. 5.24b, f and 5.25b, f). According to
Kim (2003), "the ratio of HCO3 : TC would be 1 if the dissolution of silicate minerals is
the major controlling process for ionic concentration in groundwater." All groundwater
samples are seen above the 1:1 line. The deviation of the sampling points from the line
indicates that it is due to anthropogenic sources acting as a secondary phase over the
fundamental rock weathering and mineral dissolution process in the groundwater system.

In both the pre-monsoon and post-monsoon seasons of 2019 and 2021, the scatter
plots of total cation (TC) versus Na* (Figs. 5.24c¢, g and 5.25¢, g) were prepared. All of

the groundwater samples plot above the 1:1 line. This suggests that the groundwater has
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a significant contribution of cations which would mostly be from ion exchange processes

or silicate weathering of shale rocks since shales play an essential part in the global

silicate weathering process (Amiotte Suchet et al., 2003).

The plots of Na'+ K* versus TC can be further used to assess the cation

contribution in groundwater and are shown in Figs. 5.24d, h and 5.25d, h. All groundwater

samples of pre-monsoon and post-monsoon seasons (2019 and 2021) were found to be

below the 1:1 line and above the 1: 0.5 line. This shows that the cations in the groundwater

samples are from rock weathering process or soil salts preserved due to evaporation

(Stallard and Edmond, 1983; Subba Rao, 2012).
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Fig. 5.24: Scatter plots of pre-monsoon (2019 and 2021) groundwater samples (a, e¢) Cl
versus Na* (b, f) TC versus HCOs (c, g) TC versus Na " and (d, h) Na® + K" versus TC
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Fig. 5.25: Scatter plots of post-monsoon (2019 and 2021) groundwater samples (a, ¢) Cl
versus Na* (b, f) TC versus HCOs (¢, g) TC versus Na “and (d, h) Na® + K" versus TC

Many anthropogenic activities such as agricultural, industrial, and municipal
sewages have an impact on NO3 contaminations (Adimalla, 2021). The pre-monsoon and
post-monsoon groundwater samples for 2019 and 2021 have been plotted between NO3~
/Na' ratios and CI'/Na" ratios (Yunhui Zhang et al., 2021; Wang Yi et al., 2023), which is
shown in Fig. 5.26. In pre-monsoon and post-monsoon groundwater samples of the year

2019, the majority of the samples have been plotted below and along the y = x line,
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indicating the source of NO; concentrations to be mostly from municipal sewage
operations and some agricultural activities. In 2021 pre-monsoon and post-monsoon
groundwater samples, the samples have been plotted below the y=x line and more toward
the municipal sewage area indicating that the sources of NO3 concentrations are mostly

from municipal sewage operations in the year 2021.
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Fig. 5.26: Scatter plots of NO3 / Na" versus Cl/ Na" for the pre-monsoon and post-

monsoon groundwater samples (2019 and 2021)

5.5 STATISTICAL ANALYSIS USING CORRELATION COEFFICIENT

Pearson’s correlation (Karl Pearson, 1896) coefficient measures the statistical
relationship between two continuous variables and is known as the best method of
measuring the association between variables of interest. If the correlation coefficient (r)
is near + 1, then it indicates a perfect correlation, i.e., as one variable increases, the other
also increases if it is positive and decreases if it is negative. When the value is zero then
it is said to have no correlation. If r > 0.7 or -0.7, it shows a strong correlation between
the variables and if r ranges from 0.5 to 0.7 or -0.5 to -0.7, the correlation between the
variables is moderate (Jabal et al., 2014; Pazand et al., 2012).

Pearson correlation analysis was conducted to assess and analyze the relationship
between different parameters The parameters of groundwater correlation were calculated,
and the results are shown in Table 5.7 to Table 5.10 for both pre-monsoon and post-
monsoon for the years 2019 and 2021. The Pearson correlation coefficient analysis among

the water quality parameters, namely pH, TDS, EC, Turbidity, TH, TA, major cations
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(Ca?*, Mg?*, K*, Na*), anions (HCOs, SO4>, NOs, CI, F) and Fe were calculated for

correlation analysis.

In 2019 pre-monsoon groundwater samples (Table 5.7), TDS with EC (r=0.96)
show the highest correlation coefficient. The TDS strongly correlates with TH, TA, and
Ca?* while moderately correlating with HCOs . EC and TA are strongly correlated with
each other while EC is moderately correlated with TH, Ca?* and HCO3 . TH is strongly
correlated with Mg?*, Ca?* and HCO; while moderately correlated with TA. TA is
strongly correlated with Ca®* and HCO3 . Ca®* and HCOs strongly correlate with each
other while Na* is moderately correlated with K* and SO4>.

Table 5.7: Correlation matrix of 2019 Pre-Monsoon groundwater samples

pH TDS EG Turbidity TH TA Mg Ca K Na HCo3 504 NO3 a A Fe

pH
TDS
e
Turbidity
TH
TA
Mg
Ca
K
Na
HCo3
S04
NO3
(e]
2
Fe

In 2021 pre-monsoon groundwater samples (Table 5.8), TDS with EC (0.98) show
the highest correlation coefficient. The TDS strongly correlates with TH and HCO3 while
TDS moderately correlates with TA, Ca?*, Mg?*, Na*, Cl and F". EC strongly correlates
with TH, TA and HCO3s while EC is moderately correlated with Mg?*, Ca*" Na*, SO4?,
Cl and F".Turbidity is showing a moderate correlation with Fe. TH is strongly correlated
with TA, Mg?*, Ca*" and HCOs . TA is strongly correlated with Ca®>" and HCOs while
moderately correlating with Mg?*. Mg?* has a strong correlation with HCOs and a
moderate correlation with Ca®* and Fe. Ca®" is moderately correlating with HCOs3 . Na™ is
strongly correlated with HCO3, SO4> and CI while HCOs is moderately correlated with
Cl and Fe.
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Table 5.8: Correlation matrix of 2021 Pre-Monsoon groundwater samples

pH DS EC__ Turbidity _ TH TA Mg Ca K Na HCo3 S04 NO3 a F Fe

pH

7Ds
EC
Turbidity
H
A
Mg
ca 0.60
K 0.03 029 017  -007 014  -0.01
Na 0.14 028 039 046 040 025
HCo3 | 013 035
so4 | 006 001 032 031 02 017
NO3 | -018 048 014 020 -0.02 -023 -007 -0.10
a 013 | 060 060 032 041 034 043 029
F 013 052 051 028 030 045 017 037
Fe 002 033 028 | 06 | 029 02 | 050 020

In 2019 post-monsoon groundwater samples (Table 5.9), TDS with EC (0.98)
show the highest correlation coefficient. The TDS strongly correlates with Na* and HCO3
whereas it moderately correlates with TH, TA, Ca®", K*, SOs*> and CI. EC strongly
correlates with Na* and HCOs while EC is moderately correlating with TH, TA, Ca?",
K*, SO4* and CI'. Turbidity is showing a moderate correlation with Fe. TH is showing a
strong correlation with TA, Mg**, Ca** and HCOs . TA is strongly correlated with Ca®*
and HCOs5 while moderately correlating with Na*. Ca?" has a strong correlation with
HCOs. K* has a moderate correlation with Na*, HCO3 and SO.*. Na® is strongly
correlated with SO4* and CI while it has a moderate correlation with HCO3 . SO4* is

moderately correlated with CI .

Table 5.9: Correlation matrix of 2019 Post-Monsoon groundwater samples

pH DS EC Turbidity TH TA Mg Ca K Na Hco3 504 NO3 a F Fe

pH
TDS
EC
Turbidity
TH
TA

0.29
F 0.24 0.22 0.23 -0.08 0.34 0.44 0.25 0.31 0.06 0.16 0.45 -0.08 0.01
Fe -0.20 -0.16 -0.21 0.51 0.04 0.07 0.03 0.04 -0.04 -0.04 0.03 -0.06 -0.14 -0.01

In 2021 post-monsoon groundwater samples (Table 5.10), TDS with EC (0.96)
show the highest correlation coefficient. The TDS and EC both strongly correlates with
Ca?", Na"and HCO5 whereas TDS and EC both moderately correlates with TH, TA, K*,
SO4? and Cl . Turbidity is showing a moderate correlation with Fe. TH is showing a strong

correlation with TA, Mg?', Ca?" and HCO; while TH moderately correlates with Na*and
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SO4*. TA is strongly correlated with Ca*" and HCOs while moderately correlating with
Mg*". Ca?" has a strong correlation with HCO3 while it has a moderate correlation with
Na®. K" has a strong correlation with Na*and a moderate correlation with SO4>, NO3 and
Cl'. Na* strongly correlates with SO4> and CI- while it correlates moderately with HCOs
and NOs3 . SO4> is moderately correlated with CI .

Table 5.10: Correlation matrix of 2021 Post-Monsoon groundwater samples

pH DS EC__ Turbidity _ TH TA Mg Ca K Na HCo3 S04 NO3 a F Fe

pH
DS
EC
Turbidity
TH
TA
Mg
Ca
K
Na
HCO3
504
NO3
a
F
Fe

From the statistical analysis using Pearson’s correlation coefficient, we find that
the groundwater in the study area has a strong correlation between TDS and EC. The TDS
and EC are both strongly correlated with most of the physico-chemical parameters such
as TH, TA, Ca*, Na"and HCOs . The TH and HCO; are also strongly correlated with
each other and they both have a strong correlation with TDS, EC, TA, Ca®>" and Mg?". The
Na® also shows a strong correlation with TDS, EC, Cl, SO4*> and HCO; . Thus, the
parameters EC, TDS, TH, HCO; and Na' can be determined to be important physico-
chemical parameters for drinking water quality parameters because they correlate with

the majority of the groundwater parameters in the study area.
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CHAPTER 6

ASSESSMENT OF GROUNDWATER QUALITY

6.1 INTRODUCTION

The quality of water directly affects the overall well-being of life. The pollution
of water leads to health issues and causes degradation of habitat. Wastewater is a
byproduct of various harmful substances released from domestic, agricultural or industrial
practices. The degradation of water quality is caused by an increase in contaminants,
including heavy metals, pesticides, and infectious and non-communicable diseases.
Monitoring these risk factors at the right time can prevent habitat destruction and harm to

public health.

The discharge of untreated sewage is the main polluting source for surface and
groundwater in India. Given the fast changes in groundwater through the effects of natural
and artificial sources, the investigation of groundwater quality in all parts of the country
is required to improve health conditions. The study area, Kohima town has witnessed a
growth in urban population. Therefore, it has become essential to check the quality of

water for both drinking and irrigation uses for the future development of the town.

6.2  ASSESSMENT OF WATER QUALITY FOR DRINKING PURPOSES

The assessment of water for drinking purposes is critical and the groundwater in
the study area was determined by using the Water Quality Index (WQI). The main
objective of the WQI is to assign a single value to the water quality of a source by
converting the parameters and their concentrations present in a sample into one value,
which then gives an extensive evaluation of the water quality and its suitability for

different uses like drinking, irrigation, etc. (Abbasi, 2002).

The "Weighted Arithmetic Water Quality Index" method (Brown et al., 1972 and
Cude, 2001) has been utilized, which was compared with the acceptable limit standards
of BIS (2012) and WHO (2004) for drinking purposes to know the general water quality
of Kohima Town. Brown's WQI is one of the most used WQI techniques. A set 12 most
commonly used water quality parameters (pH, TDS, major cations (Na*, Ca**, K*, Mg?"),
major anions (HCO3 , SO4*, Cl, NO;, F) and Fe) which reflect the overall water quality

were chosen for calculating the WQI of all fifty groundwater samples in both pre-
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monsoon and post-monsoon periods of 2019 and 2021. Based on WQI values, the samples

have been classified into their respective water status in Table 6.1.

Table 6.1: WQI and status of water quality (Brown et al., 1972)

WQI Level Water Quality Status
0-25 Excellent water
26-50 Good water
51-75 Poor water
76-100 Very Poor water
>100 Unsuitable for drinking

In order to calculate WQI using the "weighted arithmetic index" approach, the

unit weight for each parameter that will be used in the computation must first be

estimated. All parameters of various units and measurements are converted to a standard

scale by assigning “unit weights.” The unit weights allocated to each parameter used to

calculate the WQI, along with the drinking water quality standards are shown in Table

6.2. The maximum unit weight of 0.7211049 is given to Fe, indicating its importance in

determining water quality and its significant influence on the index (Bora and Goswami,

2017).

Table 6.2: Relative weights of parameters (W,) used for WQI determination (All

parameters except pH are in mg/L)

SL no. | Parameters Standard values (Sn) Unit weight Ideal
*BIS (2012) & **WHO (2004) (Whn) value (Vo)
1. pH 8.5% 0.02545076 7
2. TDS 500%* 0.00043266 0
3. Magnesium 30* 0.00721105 0
4. Calcium 75% 0.00288442 0
5. Potassium 12%* 0.01802762 0
6. Sodium 200%** 0.00108166 0
7. Bicarbonate 300%** 0.0007211 0
8. Sulphate 200* 0.00108166 0
9. Nitrate 45% 0.00480737 0
10. Chloride 250%* 0.00086533 0
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11. Fluoride 1* 0.21633147 0

12. Iron 0.3* 0.7211049 0

XWp=1

6.2.1 WQI of pre-monsoon seasons (2019 and 2021)
The WQI values have been determined for pre-monsoon season for the years 2019
and 2021 which is presented in Table 6.3. The WQI geospatial distribution map has been

prepared for the 2019 pre-monsoon and 2021 pre-monsoon and is shown in Fig. 6.1.

Table 6.3: WQI values for pre-monsoon season (2019 and 2021)

Sample Pre-Monsoon 2019 Pre-Monsoon 2021
no. WQI Description WOQI Description
Al 7.29 Excellent 12.85 Excellent
A2 77.24 Very Poor 263.90 Unsuitable
A3 100.72 Unsuitable 119.06 Unsuitable
A4 4.36 Excellent 3.91 Excellent
A5 80.78 Very Poor 75.92 Poor
Ab 26.25 Good 29.37 Good
A7 70.26 Poor 134.27 Unsuitable
A8 60.43 Poor 2.82 Excellent
A9 43.87 Good 21.31 Excellent
Al0 42.57 Good 19.61 Excellent
All 34.87 Good 20.63 Excellent
Al12 5.35 Excellent 21.25 Excellent
Al3 47.79 Good 16.77 Excellent
Al4 54.18 Poor 89.54 Very Poor
Al15 20.41 Excellent 34.10 Good
Al6 298.50 Unsuitable 355.67 Unsuitable
Al7 85.54 Very Poor 404.24 Unsuitable
Al8 32.85 Good 84.48 Very Poor
Al19 246.49 Unsuitable 1300.76 Unsuitable
A20 16.84 Excellent 20.13 Excellent
A21 29.56 Good 4.28 Excellent
A22 94.40 Very Poor 8.15 Excellent
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A23 65.03 Poor 46.40 Good
A24 26.64 Good 181.73 Unsuitable
A25 156.35 Unsuitable 9.83 Excellent
A26 5.04 Excellent 9.63 Excellent
A27 45.22 Good 10.64 Excellent
A28 39.35 Good 105.81 Unsuitable
A29 16.15 Excellent 16.63 Excellent
A30 144.63 Unsuitable 17.12 Excellent
A3l 126.78 Unsuitable 370.06 Unsuitable
A32 77.07 Very Poor 53.92 Poor
A33 31.61 Good 83.94 Very Poor
A34 17.89 Excellent 29.20 Good
A35 8.99 Excellent 106.18 Unsuitable
A36 17.06 Excellent 18.65 Excellent
A37 112.09 Unsuitable 104.51 Unsuitable
A38 364.72 Unsuitable 55.08 Poor
A39 20.67 Excellent 44.03 Good
A40 64.96 Poor 81.89 Very Poor
A4l 156.13 Unsuitable 119.33 Unsuitable
A42 69.76 Poor 74.08 Poor
A43 35.83 Good 5.25 Excellent
A44 20.35 Excellent 18.27 Excellent
A45 514.89 Unsuitable 144.29 Unsuitable
A46 60.34 Poor 60.38 Poor
A47 572.37 Unsuitable 50.78 Good
A48 819.22 Unsuitable 97.80 Very Poor
A49 48.05 Good 20.78 Excellent
A50 866.31 Unsuitable 31.90 Good

WQI of 2019 pre-monsoon

WQI in the study area during 2019 pre-monsoon ranges from 4.36 to 866.31 with
an average of 119.68. The results showed that most groundwater samples fall under the

good and unsuitable water categories with 26% each. 24% of the total groundwater
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samples have been classified under excellent water which is suitable for drinking, 14% of
the total groundwater samples as being of poor water quality while 10% were under very
poor water and unsuitable for drinking. The lowest WQI value 4.36 was found at sample
number A4. The highest WQI value was found in sample number A50 recorded at 866.31.
The high WQI could be attributed to the iron concentration in sample number A50 which
was measured at 3.53 mg/L and is far beyond the permissible limit for drinking (0.3
mg/L).

The geospatial distribution of 2019 pre-monsoon WQI in Kohima Town is
demonstrated in Fig. 6.1a. Excellent water is spatially limited and distributed in small
isolated patches mostly in the southern parts of the study area. Good water is distributed
in the western, south-eastern and small isolated patches in the northern areas.
Groundwater of relatively poor quality is found distributed throughout the southern part
of the study area and some pockets in the northern part. The very poor water is found
distributed in a linear trend from the north-west to the south-eastern part and also in small
pockets in the south-western and northern areas. The water which falls under the
unsuitable category is found distributed mostly throughout the northern and eastern parts

and some small isolated areas towards the south.

WQI of 2021 pre-monsoon

WQI in the study area during 2021 pre-monsoon ranges from 2.82 to 1300.76 with
an average of 100.22. The results showed that majority of the groundwater samples fall
under excellent water category with 40%. 26% of the total groundwater samples were
classified as unsuitable for drinking, 14% of the total groundwater samples were of good
water quality while 10% were under poor and very poor water each. The lowest WQI
value with 2.82 was found at sample number A8. The highest WQI value recorded at
1300.76 was found in sample number A19. The high WQI at A19 is found to be due to
the iron concentration which was measured at 5.33 mg/L and is far beyond the permissible

limit for drinking (0.3 mg/L).

The WQI of 2021 pre-monsoon has been geospatially plotted and presented in
Fig. 6.1b. Excellent water is spatially limited and distributed in small isolated patches
mostly in the south-western parts of the study area, some in the western and south-eastern
areas. Good water is distributed in the western, central, southern and small isolated

patches in the south-eastern and north-eastern areas. Groundwater of relatively poor
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quality is found distributed throughout the south-western and eastern parts of the study
area and some pockets in the northern part. The very poor water is found distributed in
the south-eastern, south-western part and north-eastern areas. The water which falls under
unsuitable category is found distributed mostly throughout the northern parts and some

small patches towards the south-eastern and south-western areas.
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Fig. 6.1: WQI geospatial distribution map of (a) 2019 Pre-monsoon and
(b) 2021 Pre-monsoon

6.2.2 WQI of post-monsoon seasons (2019 and 2021)

The WQI values have been determined for post-monsoon season for the years
2019 and 2021 which is presented in Table 6.4. The WQI geospatial distribution map has

been prepared for 2019 post-monsoon and 2021 pre-monsoon and is shown in Fig. 6.2.

Table 6.4: WQI values for post-monsoon season (2019 and 2021)

Sample Post-Monsoon 2019 Post-Monsoon 2021
no. WQI Description WQI Description
Al 27.67 Good 19.21 Excellent
A2 1031.69 Unsuitable 248.23 Unsuitable
A3 97.47 Very Poor 91.51 Very Poor
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A4 13.51 Excellent 9.61 Excellent
A5 56.20 Poor 52.43 Poor
A6 31.54 Good 29.07 Good
A7 47.03 Good 91.41 Very Poor
A8 48.02 Good 10.99 Excellent
A9 36.79 Good 17.87 Excellent
Al10 24.92 Excellent 20.91 Excellent
All 12.80 Excellent 16.98 Excellent
Al2 13.37 Excellent 2.72 Excellent
Al13 17.51 Excellent 21.47 Excellent
Al4 50.39 Good 51.01 Poor
Al5 24.84 Excellent 25.61 Excellent
Al6 123.46 Unsuitable 154.39 Unsuitable
Al7 52.80 Poor 140.12 Unsuitable
Al8 26.42 Good 61.67 Poor
Al9 390.71 Unsuitable 381.80 Unsuitable
A20 14.22 Excellent 19.98 Excellent
A2l 11.59 Excellent 8.21 Excellent
A22 14.86 Excellent 18.20 Excellent
A23 51.43 Poor 37.32 Good
A24 36.84 Good 60.21 Poor
A25 40.49 Good 29.90 Good
A26 3.84 Excellent 3.72 Excellent
A27 14.26 Excellent 35.31 Good
A28 30.86 Good 51.73 Poor
A29 15.73 Excellent 10.14 Excellent
A30 53.83 Poor 26.63 Good
A3l 77.67 Very Poor 202.32 Unsuitable
A32 36.48 Good 26.32 Good
A33 17.58 Excellent 78.11 Very Poor
A34 15.06 Excellent 13.27 Excellent
A35 15.86 Excellent 35.08 Good
A36 14.33 Excellent 7.38 Excellent
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A37 742.52 Unsuitable 70.12 Poor
A38 72.51 Poor 31.82 Good
A39 22.13 Excellent 14.40 Excellent
A40 44.79 Good 59.10 Poor
A4l 141.43 Unsuitable 110.03 Unsuitable
A42 45.17 Good 58.18 Poor
A43 31.89 Good 13.40 Excellent
A44 19.50 Excellent 22.99 Excellent
A45 311.42 Unsuitable 188.83 Unsuitable
A46 61.51 Poor 45.55 Good
A47 445.86 Unsuitable 39.12 Good
A48 235.28 Unsuitable 67.67 Poor
A49 30.46 Good 12.41 Excellent
A50 521.99 Unsuitable 37.73 Good

WQI of 2019 post-monsoon

WQI in the study area during 2019 post-monsoon ranges from 3.84 to 1031.69
with an average of 106.37. The results showed that majority of the groundwater samples
with 36% fall under excellent water category. 30% of the total groundwater samples fall
under good water and is suitable for drinking. 18% of the total groundwater samples were
classified under unsuitable which is not fit for drinking. 12% of the total groundwater
samples were under poor water and 4% were under very poor water. The lowest WQI
value 3.84 was found at sample number A26. The highest WQI value recorded at 1031.69
was found in sample number A2. The high WQI at A2 is found to be due to the iron
concentration which was measured at 4.28 mg/L and is far beyond the permissible limit

for drinking (0.3 mg/L).

The WQI of 2019 post-monsoon has been geospatially plotted and presented in
Fig. 6.2a. Excellent water is spatially limited and distributed in small isolated patches
mostly in the south-eastern parts of the study area, some in the western and central areas.
Good water is mostly distributed in the south-eastern area and small isolated patches all
throughout the study area. Groundwater of relatively poor quality is found distributed in
a continuous zone from central to south-east and then to the south-western areas, some

poor water is also found towards the western and northern areas. The very poor water is
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found distributed in the south-western, western, north-eastern and small isolated patches
in the northern areas. The water which falls under unsuitable category is found distributed

mostly throughout the northern parts and some towards the south-western areas.
WQI of 2021 post-monsoon

WQI in the study area during 2021 post-monsoon ranges from 2.72 to 381.80 with
an average of 57.64. The results showed that the majority of the groundwater samples
with 40% fall under the excellent water category. 22% of the total groundwater samples
fall under good water and are suitable for drinking. 18% of the total groundwater samples
were classified under poor water. 14% of the total groundwater samples were under
unsuitable water and 6% were under very poor water. The lowest WQI value 2.72 was
found at sample number A12. The highest WQI value recorded at 381.80 was found in
sample number A19. The high WQI at A19 is found to be due to the high Fe (1.5 mg/L)
and K* (98.4 mg/L) concentration which is far beyond the permissible limit for drinking
(0.3 mg/L and 12 mg/L).

The WQI of 2021 post-monsoon has been geospatially plotted and presented in
Fig. 6.2b. Excellent water is distributed in isolated patches mostly in the central and south-
western parts of the study area and a few patches in the north-eastern area. Good water is
mostly distributed in a continuous zone from east to west and extends to the southern
area. Good water is also found in patches in the northern and north-eastern areas.
Groundwater of relatively poor quality is found distributed in the north-eastern, south-
western and south-eastern areas. The very poor water is mostly found distributed in the
northern areas and isolated patches towards the south-west and south-east. The water
which falls under unsuitable category is found distributed mostly in the north-western

parts and some isolated patches towards the south-western and south-eastern areas.
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Fig. 6.2: WQI geospatial distribution map of (a) 2019 Post-monsoon and
(b) 2021 Post-monsoon

6.2.3 WQI of 2019 and 2021

The WQI values of pre-monsoon and post-monsoon of the year 2019 have been

calculated to find the mean WQI values of 2019. Similarly, this was also calculated for

the year 2021. The WQI values for 2019 and 2021 are presented in Table 6.5.

Table 6.5: WQI values of 2019 and 2021

Sample no. 2019 WQI 2021 WQI
Al 17.48 Excellent 16.03 Excellent
A2 554.46 Unsuitable 256.06 Unsuitable
A3 99.10 Very Poor 105.28 Unsuitable
A4 8.94 Excellent 6.76 Excellent
A5 68.49 Poor 64.18 Poor
A6 28.89 Good 29.22 Good
A7 58.65 Poor 112.84 Unsuitable
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A8 54.23 Poor 6.90 Excellent
A9 40.33 Good 19.59 Excellent
Al10 33.75 Good 20.26 Excellent
All 23.84 Excellent 18.80 Excellent
Al2 9.36 Excellent 11.99 Excellent
Al3 32.65 Good 19.12 Excellent
Al4 52.28 Poor 70.28 Poor

Al5 22.63 Excellent 29.85 Good

Al6 210.98 Unsuitable 255.03 Unsuitable
Al7 69.17 Poor 272.18 Unsuitable
Al8 29.64 Good 73.08 Poor

Al9 318.60 Unsuitable 841.28 Unsuitable
A20 15.53 Excellent 20.06 Excellent
A21 20.58 Excellent 6.25 Excellent
A22 54.63 Poor 13.17 Excellent
A23 58.23 Poor 41.86 Good

A24 31.74 Good 120.97 Unsuitable
A25 98.42 Very Poor 19.87 Excellent
A26 4.44 Excellent 6.67 Excellent
A27 29.74 Good 22.98 Excellent
A28 35.11 Good 78.77 Very Poor
A29 15.94 Excellent 13.38 Excellent
A30 99.23 Very Poor 21.87 Excellent
A3l 102.22 Unsuitable 286.19 Unsuitable
A32 56.77 Poor 40.12 Good

A33 24.59 Excellent 81.03 Very Poor
A34 16.48 Excellent 21.24 Excellent
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A35 12.42 Excellent 70.63 Poor
A36 15.69 Excellent 13.01 Excellent
A37 427.31 Unsuitable 87.32 Very Poor
A38 218.61 Unsuitable 43.45 Good
A39 21.40 Excellent 29.21 Good
A40 54.88 Poor 70.50 Poor
A4l 148.78 Unsuitable 114.68 Unsuitable
A42 57.46 Poor 66.13 Poor
A43 33.86 Good 9.33 Excellent
Ad4 19.93 Excellent 20.63 Excellent
A45 413.16 Unsuitable 166.56 Unsuitable
A46 60.93 Poor 52.96 Poor
A47 509.12 Unsuitable 44.95 Good
A48 527.25 Unsuitable 82.73 Very Poor
A49 39.25 Good 16.60 Excellent
A50 694.15 Unsuitable 34.81 Good

The WQI in the study area during the year 2019 ranges from 4.44 to 694.15 with
an average of 113.03. The results showed that the majority of groundwater samples fall
under the excellent water category with 30%. The groundwater samples with poor and
unsuitable water were at 22% each. 20% of the total groundwater samples were classified
under good water while 6% of the total groundwater samples were under very poor water.
The lowest WQI value 4.44 was found at sample number A26 while the highest WQI
value at 694.15 was found in sample number A50. Whereas the WQI in the study area
during the year 2021 ranges from 6.25 to 841.28 and averages at 78.93. The results
showed that most of the groundwater samples fall under the excellent water category with
42%. The groundwater samples with 20% were categorized under unsuitable water. 16%
of the total groundwater samples were classified under good water. 14% of the total

groundwater samples were under poor water while 8% of the total groundwater samples
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were under very poor water. The lowest WQI value 6.25 was found at sample number

A21 while the highest WQI value at 841.28 was found in sample number A19.

The WQI of 2019 and 2021 have been geospatially plotted and shown in Fig. 6.3.
In 2019, excellent water is distributed in small isolated patches mostly in the southern
parts of the study area. Good water is distributed in the south-eastern area and small
isolated patches mostly in the western part and towards the northern areas. Groundwater
of relatively poor quality is found distributed mostly in the western areas, in the south,
south-east and isolated patches in the northern areas. Very poor water is found scattered
in the south-western, central, eastern and small isolated patches in the northern areas. The
water which falls under the unsuitable category is found distributed mostly throughout
the northern parts and some in the south-western areas. Whereas, in 2021, excellent water
is distributed in isolated patches mostly in the south-western areas and in a small patch
towards the north-east. Good water is distributed mostly in a linear zone from west to
east, the southern part and small isolated patches in the south-east and towards the
northern areas. Groundwater of relatively poor quality is found scattered throughout the
south in the south-eastern, south-western, eastern and isolated patches in the north-eastern
areas. Very poor water is found distributed in the north-eastern areas and isolated patches
in the south-east and south-west. The water which falls under the unsuitable category is
found distributed mostly towards the north-western parts and some isolated patches in the

south-western and south-eastern areas.

Comparing the WQI values of 2019 and 2021, we find that 46% of the
groundwater samples had no change in the WQI category of water while there was 34%
increase of the WQI category of water from bad to good and a 20% decrease in the WQI
category of water from good to bad. Overall, there has been a decrease in the WQI values
which has led to better groundwater quality in 2021. This has also been found in many
other regions and this is attributed to the pandemic which has led to less pollution of the
environment during the year 2020 (Smart water magazine, 2020; Chakraborty et al., 2021;
Pacaol, 2021).
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Fig. 6.3: WQI geospatial distribution maps of (a) 2019 and (b) 2021

6.3  ASSESSMENT OF WATER QUALITY FOR IRRIGATION PURPOSES

The suitability of water for irrigation is influenced by a number of chemical
components in water. It is also affected by the nature and composition of the soil and
subsoil, the depth of the water table, the terrain, the climate, the type of crop, etc. Salts in
irrigation water if present in excess amounts can alter the qualities of the soil and be
hazardous to plant growth. Salts are more likely to accumulate in plant root zones when
the soil permeability is low, low water table, flat topography, and arid climate. Some
crops can  tolerate  salt better than  others. Different types of
ions are present in groundwater such as COs, HCO;, Ca*", Mg?*, SO4>, TH etc. The
important cations that have an impact on the suitability of groundwater for irrigation
purposes are Ca>", Mg** and Na*. Some concentrations of these cations are beneficial for
plant growth. EC is also an important parameter for the suitability of water for irrigation
(Brindha et al., 2014).

In the present study, the water quality criteria for irrigation purposes have been
ascertained using sodium percentage (%Na), Wilcox diagram, sodium adsorption ratio

(SAR), US salinity diagram and permeability index (PI).
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6.3.1 Sodium percentage (%Na)

When sodium concentrations are high in irrigation water, sodium produces an
increase in soil hardness by being absorbed by clay particles and displacing Mg** and
Ca®" ions. This exchange mechanism lowers permeability and results in soil with
inadequate internal drainage (Tijani, 1994). The %Na was calculated for pre-monsoon
and post-monsoon seasons for the years 2019 and 2021 which is tabulated in Table 6.6.
The water class suitable for irrigation according to the %Na proposed by Wilcox (1955)
is given in Table 6.7.

Table 6.6: %Na values of groundwater samples in pre-monsoon and post-monsoon

(2019 and 2021)

% Na of groundwater samples in meg/L
Sample

no. Pre-monsoon | Pre-monsoon | Post-monsoon | Post-monsoon

2019 2021 2019 2021
Al 57.57 61.12 68.59 78.33
A2 57.50 66.58 75.69 65.27
A3 57.63 71.61 73.05 73.64
A4 59.58 67.32 67.01 67.69
A5 51.54 50.92 55.70 79.73
A6 50.91 61.94 80.09 86.22
A7 71.20 69.08 76.06 79.85
A8 42.91 49.37 72.68 80.13
A9 53.30 61.14 64.20 80.53
Al0 41.71 58.80 35.10 63.85
All 51.21 65.47 74.75 90.32
Al2 32.63 60.56 36.59 69.02
Al3 68.64 59.96 65.53 76.31
Al4 53.75 73.94 65.16 79.66
Al5 39.49 69.07 64.57 79.37
Al6 38.22 75.86 64.35 79.86
Al7 32.78 64.45 54.94 66.79
Al8 50.37 83.10 61.59 78.21
Al9 39.51 74.78 75.00 75.16
A20 49.06 75.34 64.75 73.27
A21 53.39 62.32 68.33 88.91
A22 44.81 54.66 44.21 78.32
A23 53.25 71.07 58.76 78.08
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A24 43.30 63.44 55.55 79.66
A25 65.66 49.89 67.17 78.05
A26 57.50 81.14 72.84 84.32
A27 50.51 80.08 71.14 81.39
A28 45.34 81.76 69.60 80.21
A29 50.89 74.08 74.46 79.08
A30 52.56 74.13 80.77 84.54
A3l 59.02 70.00 67.61 78.97
A32 51.58 75.65 60.98 76.42
A33 53.17 77.07 81.27 87.59
A34 54.93 81.96 74.84 81.85
A35 50.66 75.06 62.14 73.44
A36 44.57 77.42 63.74 65.58
A37 50.06 79.57 41.58 73.79
A38 53.89 87.71 77.90 83.42
A39 41.38 73.23 64.54 77.55
A40 48.91 80.41 78.73 85.87
A4l 34.15 73.37 45.47 63.95
A42 61.72 74.90 74.66 84.19
A43 47.43 79.46 77.20 86.73
A44 56.64 83.65 68.97 77.81
A45 54.40 77.65 79.61 76.43
A46 53.25 78.27 77.90 85.20
A47 26.93 52.75 47.15 58.81
A48 38.84 66.59 62.83 60.58
A49 60.79 77.26 69.28 85.77
A50 70.61 90.12 49.38 80.93

Table 6.7: Water classification for irrigation based on %Na

Percentage (%) of groundwater samples
%Na Water Pre- Pre- Post- Post-
class monsoon monsoon monsoon monsoon
(2019) (2021) (2019) (2021)
<20 Excellent - - - -
20-
Good 16 - 4 -
40
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40-
Permissible 72 14 18 2
60
60-
Doubtful 12 68 72 62
80
>80 | Unsuitable - 18 6 36

The majority of the groundwater samples in the pre-monsoon of 2019 fall under
the permissible water class with 72%, 16% of the groundwater samples are classed under
good water and 12% under doubtful water. In the pre-monsoon of 2021, the majority of
the groundwater samples fall under doubtful water with 68%, 18% of the groundwater
samples are classed under unsuitable water and 14% under permissible water. In the post-
monsoon of 2019, the majority of the groundwater samples fall under doubtful water with
72%, 18% of the groundwater samples are classed under permissible water, 6% under
unsuitable water and 4% under good water. Whereas, the majority of the groundwater
samples in post-monsoon of 2021 fall under the doubtful water class with 62%, 36% of
the groundwater samples are classed under unsuitable water and 2% under permissible

water.

6.3.2 Wilcox Diagram

The groundwater samples of pre-monsoon and post-monsoon seasons (2019 and
2021) in the study area are plotted in the Wilcox diagram (1955) shown in Figs. 6.4 and
6.5 by using sodium percentage against EC to find the water which is suitable for
irrigation purposes. The Wilcox diagram is divided into five divisions- excellent to good,
good to permissible, permissible to doubtful, doubtful to unsuitable and unsuitable. The
percentage of groundwater samples which falls under the different water classes for

irrigation based on the Wilcox diagram is presented in Table 6.8.

Table 6.8: Water classification for irrigation based on Wilcox diagram

Wilcox Percentage (%) of groundwater samples

water class

Pre-Monsoon

Pre-Monsoon

Post-Monsoon

Post-Monsoon

(2019) (2021) (2019) (2021)
Excellent to
2 14
Good 70 3 6
Good to
Permissible 22 2 6 i
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Permissible

to Doubtful 8 06 80 o4

The groundwater in the study area varies from excellent to doubtful. In the pre-
monsoon season of 2019, most of the groundwater samples come under the excellent to
good water category with 70%, 22% of the groundwater samples come under the good to
permissible water class and 8% fall under permissible to doubtful water. In the pre-
monsoon season of 2021, the majority of groundwater samples with 66% fall under the
permissible to doubtful water category, 32% of the groundwater samples come under the
excellent to good water class and 2% fall under the good to permissible water class. In
the post-monsoon season of 2019, the majority of the groundwater samples come under
the permissible to doubtful category with 80%, 14% of groundwater samples come under
excellent to good water and 6% come under good to permissible. In the post-monsoon
season of 2021, the majority of the groundwater samples come under the permissible to

doubtful category with 94% and 6% of groundwater samples come under excellent to

good water.
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Fig. 6.4: Suitability of groundwater for irrigation based on EC and

sodium percent for pre-monsoon groundwater samples
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Post-monsoon
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Fig. 6.5: Suitability of groundwater for irrigation based on EC and

sodium percent for post-monsoon groundwater samples
6.3.3 Sodium Adsorption Ratio (SAR)

The sodium adsorption ratio (SAR) is a measure of the Na' content in a water
sample in comparison to the concentrations of Ca>* and Mg?*. High quantities of Na* ions
in water reduce soil permeability and can cause water infiltration problems. The SAR of
water reflects its use for agricultural irrigation. The SAR was calculated for pre-monsoon
and post-monsoon seasons for the years 2019 and 2021 which has been given by Richards
(1954) and is tabulated in Table 6.9. The water class suitable for irrigation according to

SAR values given by Todd (1980) is given in Table 6.10.

Table 6.9: SAR values of groundwater samples in pre-monsoon and post-monsoon
(2019 and 2021)

SAR of groundwater samples in meg/L
Sample | Pre-monsoon | Pre-monsoon | Post-monsoon | Post-monsoon
no. 2019 2021 2019 2021
Al 2.33 3.19 4.29 5.88
A2 2.38 4.85 5.80 4.29
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A3 2.27 5.13 4.25 4.39
A4 243 4.34 3.75 3.96
AS 2.36 3.32 3.87 7.03
A6 2.18 4.15 8.16 10.10
A7 4.41 5.40 6.05 6.90
A8 1.87 2.93 6.40 8.03
A9 2.15 3.98 4.76 7.40
Al0 1.66 3.89 1.30 2.90
All 2.07 4.41 5.84 10.39
Al2 1.46 4.48 1.93 4.59
Al3 5.86 5.00 6.55 8.65
Al4 2.65 8.22 6.66 8.60
Al5 1.69 6.76 5.55 7.86
Al6 1.68 8.97 4.55 7.12
Al7 1.54 6.14 3.59 4.36
Al8 2.05 11.33 4.24 6.20
Al9 2.18 9.63 8.75 7.85
A20 2.06 6.91 3.30 4.14
A21 2.12 2.59 3.40 8.19
A22 1.19 1.92 1.07 5.34
A23 2.07 5.13 2.66 5.12
A24 1.71 4.34 2.52 5.45
A25 3.22 1.67 4.26 5.69
A26 2.57 8.91 4.71 7.15
A27 2.27 8.34 5.52 7.70
A28 1.85 7.87 441 6.15
A29 2.24 5.82 4.93 6.05
A30 2.29 5.78 6.98 7.26
A3l 2.54 5.84 4.60 6.47
A32 241 9.27 4.83 6.52
A33 2.26 7.54 8.59 10.69
A34 2.44 9.85 5.29 6.38
A35 2.27 7.81 3.29 4.65
A36 1.77 7.48 4.70 4.78
A37 241 8.19 1.74 4.77
A38 2.61 12.39 6.56 7.57
A39 1.92 8.30 5.52 7.36
A40 2.38 9.20 8.19 9.92
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A4l 1.55 8.14 2.84 4.55
A42 291 7.71 6.14 8.37
A43 2.23 9.81 7.18 9.79
Ad4 2.83 11.39 5.04 5.75
A45 2.90 9.37 8.17 6.68
A46 2.35 8.04 7.45 8.50
A47 1.31 3.20 2.85 3.66
A48 1.76 6.14 4.35 3.79
A49 2.55 7.80 3.44 6.99
A50 3.26 13.29 2.44 6.23

Table 6.10: Classification of SAR values of groundwater samples in pre-monsoon and

post-monsoon (2019 and 2021)

Percentage of groundwater samples
SAR | Water class Pre- Pre- Post- Post-
Monsoon Monsoon Monsoon Monsoon
(2019) (2021) (2019) (2021)
<10 Excellent 100 92 100 94
10-18 Good - 8 - 6
18-26 Fair - - - -
>26 Poor - - - -

All groundwater samples in the pre-monsoon and post-monsoon seasons of 2019
fall under the excellent water class for irrigation. The excellent water type can be used for
irrigation in almost all types of soil. The majority of the groundwater samples in pre-
monsoon 2021 and post-monsoon 2021 fall under the excellent water class for irrigation.
8% and 6% of the total groundwater samples in the pre-monsoon and post-monsoon
seasons of the year 2021 are classified under good water. This class of water can be used

for irrigation in coarse-texture soils or in organic soils which have good permeability.
6.3.4 U.S. Salinity Diagram

The salinity hazard of groundwater has been classified according to United States
Salinity Laboratory (USSL) diagram after Richards (1954). The USSL diagram was
prepared for the pre-monsoon and post-monsoon seasons of 2019 and 2021 which is
shown in Figs. 6.6 and 6.7. Electrical conductance and SAR were used in the USSL (1954)

diagram where EC represents salinity along the x-axis and SAR represents sodium hazard
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along the y-axis. Based on USSL Staff, 1954, the groundwater for irrigation can be
divided into four salinity classes- C1, C2, C3 and C4 whereas the groundwater for
irrigation can be divided into four sodicity classes with respect to SAR or sodium hazard-
S1, S2, S3 and S4. The different classes in the salinity and sodicity division have been
given in tabular form in Table 6.11. The USSL (1954) diagram was made for the
groundwater in Kohima town and it has been classified into four categories which is given

in Table 6.12.

Table 6.11: USSL classification for salinity and sodicity

Salinity classes Description/ Uses

This water is suitable for irrigating most crops in most

C1 (Low salinity) .
soils.

This water can be used to irrigate crops that are moderately

C2 (Medium salinity)
salt tolerant.

This water is not suitable for usage in soils with poor
C3 (High salinity) drai
rainage.

This water is not suitable to use for irrigation under normal

C4 (Very high salinity) .
conditions.
Sodicity classes Description/ Uses
S1 (Low sodium) This water is suitable for irrigation on most soils.

S2 (Medium sodium) | This water is suitable for irrigation on coarse-textured

soils.

S3 (High sodium) This water causes harmful exchangeable sodium levels in

most soil.

S4 (Very high sodium) | This water is generally unacceptable for irrigation.
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Table 6.12: USSL classification of groundwater samples in pre-monsoon and post-

monsoon (2019 and 2021)
USSL water Percentage (%) of groundwater samples
class Pre-Monsoon | Pre-Monsoon | Post-Monsoon | Post-Monsoon
(2019) (2021) (2019) (2021)
v
ery Good ) 6 ] ]
(CI1S1)
Good
74 60 46 44
(C2S1, C282)
Medium
24 4 30 12
(C3S1)
Bad
- 30 24 44
(C382)

The groundwater in pre-monsoon 2019 in the study area falls under C1S1, C2S1
and C3S1. Based on the classification of USSL diagram, the groundwater samples have
74% of good water, 24% of medium water and 2% of very good water fit for irrigation
use. In the pre-monsoon 2021, the groundwater falls under C1S1, C2S1, C3S1, C2S2, and
C38S2 where 60% of groundwater is good water, 30% of groundwater is bad water, 6% of
groundwater is very good water and 4% of groundwater is medium water. The post-
monsoon 2019 groundwater falls under C2S1, C3S1, C2S2, and C3S2 where 46% of
groundwater is good water, 30% of groundwater is medium water and 24% of
groundwater is bad water. The post-monsoon 2021 groundwater falls under C2S1, C3S1,
C2852, and C3S2 where 44% of groundwater is good water, 44% of groundwater is bad
water and 12% of groundwater is medium water. From the USSL diagram, we find that
the majority of the groundwater is good and can be used for irrigation on coarse grained
soils and also in almost all soil types. It can be used to irrigate crops that are moderately

salt tolerant.
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Fig. 6.6: USSL classification of groundwater for irrigation during pre-monsoon
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Fig. 6.7: USSL classification of groundwater for irrigation during post-monsoon
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6.3.5 Permeability Index (PI)

The long-term use of irrigation water affects soil permeability, which is influenced
by the Na*, Ca*", Mg?* and HCO; concentrations of the soil. Doneen (1964) developed
a criterion for determining the suitability of groundwater for irrigation based on the
permeability index (PI), with concentrations measured in meq/L. The permeability index
is classed as class I (>75%, suitable), class II (25-75%, good) and class III (<25%,
unsuitable). Waters in classes I and II are considered good for irrigation. The PI values of
the groundwater samples in the study area are given in Table 6.13 and the groundwater

classification for irrigation as per the PI values are shown in Table 6.14.

Table 6.13: PI of groundwater samples in pre-monsoon and post-monsoon (2019 and

2021)

PI of groundwater samples in meg/L expressed as %
Sample | Pre-monsoon | Pre-monsoon | Post-monsoon | Post-monsoon
no. 2019 2021 2019 2021
Al 73.18 80.77 84.63 102.03
A2 80.53 78.49 97.64 84.74
A3 74.51 86.20 96.20 94.01
A4 88.35 84.22 90.37 88.77
A5 71.85 70.16 71.09 88.98
A6 63.29 74.55 94.42 101.22
A7 101.70 90.26 94.31 97.76
A8 61.54 68.41 89.75 96.70
A9 73.48 80.08 79.35 96.70
Al10 67.27 73.87 64.90 91.56
All 72.43 82.43 89.03 97.80
Al2 57.40 78.76 57.98 96.98
Al3 84.81 73.44 77.21 88.17
Al4 78.98 87.94 75.63 103.77
Al5 60.09 84.68 79.76 105.86
Al6 57.71 89.11 80.24 91.81
Al7 59.22 78.66 71.20 87.14
Al8 69.03 95.39 77.92 102.01
Al9 56.79 88.12 85.70 88.65
A20 66.77 88.46 82.32 98.89
A2l 81.90 85.37 94.49 115.10
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A22 79.25 85.86 94.04 113.17
A23 75.40 86.89 76.79 108.97
A24 57.75 79.12 75.46 101.69
A25 89.12 85.19 88.81 123.99
A26 74.86 94.82 90.17 105.47
A27 69.79 93.41 86.21 101.80
A28 67.42 96.91 89.12 116.84
A29 69.63 88.36 96.51 106.78
A30 68.87 85.49 96.98 102.39
A3l 81.86 85.83 85.03 92.05
A32 70.99 89.24 82.01 104.46
A33 71.63 91.12 97.84 105.56
A34 70.28 93.51 92.08 103.09
A35 66.13 88.12 82.80 96.75
A36 70.51 90.33 83.47 100.61
A37 64.93 91.17 61.59 101.87
A38 68.12 99.76 94.28 100.27
A39 58.39 87.08 79.30 96.11
A40 61.46 92.18 92.18 98.35
A4l 50.01 87.64 62.91 95.54
A42 73.67 87.49 89.25 98.38
A43 64.80 92.32 91.73 97.19
Ad4 76.12 96.13 87.44 100.55
A45 74.16 91.32 97.12 92.80
A46 64.45 93.50 91.20 98.21
A47 49.54 73.98 67.80 79.52
A48 55.21 80.90 82.29 86.53
A49 80.11 90.78 88.12 98.93
A50 90.83 105.04 64.77 99.99

Table 6.14: PI classification of groundwater samples in pre-monsoon and post-monsoon

(2019 and 2021)
PI water Percentage (%) of groundwater samples
class Pre-Monsoon | Pre-Monsoon | Post-Monsoon | Post-Monsoon
(2019) (2021) (2019) (2021)
Class I 26 88 84 100
Class 11 74 12 16 -
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The majority of groundwater samples in pre-monsoon 2019 fall into the Class II
category with 74% while 26% of the groundwater samples fall into the Class I category
of Doneen’s chart (Table 6.14). In the pre-monsoon 2021, the majority of groundwater
falls under Class I category with 88% while 12% of the groundwater samples fall under
Class II category. In post-monsoon 2019, the majority of groundwater falls under the
Class I category with 84% and 16% falling into Class II category while in the post-
monsoon of 2021 all groundwater samples fall under the Class I category. According to
Doneens, we find that the groundwater is suitable for irrigation as per the permeability

index values.
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CHAPTER 7

SUMMARY AND CONCLUSIONS

The study area Kohima town lies in between the Latitudes 25°37'30” N to
25°42'32" N and Longitudes 94°04'40" E to 94°07'34" E and falls in the survey of India
Toposheet No. 83 K/2. It covers a total area of 915.43 hectares out of which 99.4% is
covered by built-up areas based on the LULC map. Kohima town lies in the Kohima
Synclinorium of the Inner Fold belt and is occupied by Tertiary sedimentary rocks ranging
in age from Upper Cretaceous to Recent which trends along the linear NNW-SSE ridge.

The older Disang Group of rocks ranges in age from Upper Cretaceous to Middle
Eocene and consists of well-bedded, dark grey, thick, monotonous sequences of shale
intercalated with fine-grained, flaggy sandstone and siltstone. There is a transitional
sequence between the older Disang and the younger Barail Group called the Disang-
Barail Transitional sequence (DBTS) belonging to the Upper Eocene age. The rocks of
the DBTS consist of mixed lithology of silt, shale, and very fine to fine-medium sand
fractions. To the south of Kohima town lies the younger Barail Group of rocks of
Oligocene age. These are an arenaceous suite of rocks that conformably overlies the
DBTS and Disang Group and consists of thick sequences of sandstones intercalated with
thin shales. The rocks in and around the township are affected by a series of faults, thrusts,
fractures and multiple joint sets. The shales with intercalations of sandstone/siltstone are
crushed and weathered, which makes it easy for the local streams to vigorously erode the
base and toes of their channels and groundwater flow in these areas.

Geomorphologically, the terrain in the study area consists of moderate and highly
dissected hills and valleys. The area has a relatively rugged landscape with sub-rounded
hills, narrow valleys and deep gorges. The southern hill ranges, which are covered with

evergreen forests, are quite rugged and cultivation is done on the lower slopes of the hills.

Hydrogeologically, the study area comes under semi-consolidated formations.
The dominant Disang Group of rocks in the study area is highly fractured, splintery and
sheared, and is found to be the most potential formation for groundwater development in
the hilly area. The occurrences and movement of groundwater in any area are governed
by several factors like topography, lithology, geological structures, porosity, slope,
drainage pattern, land use/land cover, climate conditions, depth of weathering, extent of

fractures, and interrelation between these factors.
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Kohima town has witnessed an increase in urbanization in recent years and with
the growing population in search of improved social and economic development, there is
a high demand of fresh water for domestic and agricultural usage. The main sources of
drinking water supply in Kohima town come from the reservoirs of Zarii River and the
streams from the slopes of Pulie Badze but they do not meet the needs of the population
and many end up buying water from private individuals at a high cost, especially during
the dry seasons. Groundwater usage has increased over the years in Kohima. At present,
there are no major industries in and around the study area, but human activities like
garbage and domestic waste water are directly disposed of in and around the town without
being treated. It has thus become important to check the groundwater quality, especially

for drinking purposes.

No extensive published research work on groundwater has been done in Kohima,
so the present research is one of the first in-depth studies on groundwater quality to be
conducted in the study area. The main purpose of the research study is to investigate
groundwater quality based on geological, geochemical and geophysical data and present

it in the form of a Ph.D. thesis comprising seven chapters.

The first chapter presents the general information on the study area including
location and accessibility, habitation, climate and rainfall, land use land cover, soil,
geomorphology, drainage, vegetation, agriculture and irrigation, groundwater resources
and groundwater importance, literature review, previous works on the study area and aim
& scope of the work.

The second chapter includes the regional geology; major structures and
stratigraphy of Nagaland; geology, tectonic setting, hydrogeology and hydrological data
of the study area. Various lithological units of the study area were identified. The rock
types in Kohima town consist of shales, sandstone, and siltstone with the Disang shales
being the major rock type. The depth to water level measurements and water level

fluctuations were investigated in Kohima town.

The third chapter describes the various field and laboratory studies that were
done. Field studies include the hydrological and subsurface studies and collection of
groundwater samples during pre-monsoon and post-monsoon periods. Laboratory work
includes the estimation of various physical and chemical parameters by using various
instruments as per the standard procedures and then processing the data by using different
methods and software.
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The fourth chapter deals with the study of subsurface geology in the study area
using the geoelectrical VES resistivity method. Five VES stations were chosen and data
were interpreted using IPI2Win software. A maximum of four subsurface layers with
topsoil, fractured shale, weathered shale and sandstone layers were identified in the VES

stations.

The fifth chapter includes the study of the hydro-geochemistry of groundwater in
the study area. Fifty groundwater samples were analyzed to examine the physico-
chemical characters, which include pH, TDS, EC, Turbidity, TH, TA, major cations (Ca?*,
Mg?*, K*, Na*), anions (HCOs, SO4*, NOs’, Cl', F), Fe and trace elements like Cd, Cu
and As. The physico-chemical parameters were also geospatially plotted. The data was
then processed and studied using Piper’s trilinear diagram to know the type of water. The
major ion chemistry was studied to understand the factors affecting the hydrochemistry
of groundwater and statistical analysis using Pearson’s correlation coefficient was

analyzed to find the relationship between different parameters.

The sixth chapter focuses on the quality of water for various uses. The assessment
of the groundwater quality for drinking purposes was done using the Weighted Arithmetic
Water Quality Index method and the assessment for irrigation purposes was done using
the %Na, Wilcox diagram, sodium adsorption ratio, U.S. salinity diagram and

permeability index methods.

The seventh chapter summarises the whole work done in the study area based on

the studies conducted and so the conclusions have been generated.
The salient features of the research work are as follows:

e Hydrogeologically, Kohima town consists of semi-consolidated formations
which are mostly argillaceous, highly fractured, weathered and sheared
through which groundwater flows. The main rock types consist of shales,
sandstone and siltstone.

e The DTWL maps show that the deepest groundwater level in the study area is
found in the western part and the very shallow groundwater level is found
towards the southwestern area.

e In the year 2019, there is a decrease in groundwater level in post-monsoon as

compared to the pre-monsoon season in small pockets mostly around the
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central part of the study area indicating that there has been an increase in
groundwater extraction over groundwater recharge in these areas.

e In the year 2021, there is a rise in groundwater level in post-monsoon as
compared to the pre-monsoon season.

e The depth to water level of groundwater decreased in major parts of the study
area in the year 2021 compared to the year 2019 which is due to less annual
rainfall.

e The water table and topographic elevation maps reveal that the groundwater
level follows the topographic elevation of the study area.

e QH, KQ, KH, HK, and Q type curves have been derived from the VES data
and the subsurface layers- topsoil, fractured shale, weathered shale and
sandstone layers have been established from the curves. The best layer which
acts as a good aquifer is the weathered shale layer.

e Kohima town is located at a high altitude but groundwater can be found in
shallow aquifers at less than 50 m which may be due to the fractured and
weathered rocks in the study area where groundwater flows.

e The sequence of the ionic dominance pattern in the study area is: Na*> Ca?"
> K" > Mg*" for cations and HCO3™ > CI'> SO4* > NO3™> F- for anions.

e The hydrochemistry based on pH value reveals that the groundwater in the
study area is predominantly alkaline in nature.

e The high TDS values are mostly found in the Disang Group of rocks which
are abundant in shale rocks. The geology of shale rocks affects the
concentration of TDS because they weather more readily.

e The high EC values in the study area denote that there is a high concentration
of soluble salts in groundwater and anthropogenic influences like seepage of
domestic and municipal sewage are present.

e The quality of groundwater in Kohima town is predominantly hard and fresh
water in character based on TDS and TH.

e High K*, Na*and HCO3 were found in the groundwater samples exceeding
the permissible limit which is found to be due to rock weathering (silicate

weathering) or the ion exchange process.
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e High Fe concentration of up to 5.33 mg/L was found in pre-monsoon (2021)
which is due to the geological formation of the area composed mostly of
weathered ferruginous shales.

e (Cd was found to be exceeding the permissible limit in four locations during
the year 2021 indicating that pollution of groundwater has taken place in these
locations by anthropogenic activities.

e The Piper’s diagram directly reflects the hydrogeochemical characteristics and
water types showing that the groundwater aquifers are dominated by alkali
elements (Na*+ K"), strong acids (CI™+SO4? ) and Na-Cl is the dominant water
type in the study area.

e Gibb’s diagram indicates that the hydrochemical composition is governed by
water-rock interactions and rock weathering is the main source of chemical
components in the groundwater of Kohima town.

e Cl versus Na" plot shows that Na® concentration is more than CI
concentration which is due to silicate weathering.

e The plots of TC versus HCO3 revealed that there was an anthropogenic
influence on ionic concentrations in groundwater.

e The plots of TC versus Na" and (Na” +K") versus TC revealed that cation
concentrations are from silicate weathering of rocks which were largely from
the major shale rocks in the research area since these rocks play an important
role in global silicate weathering processes.

e The scatter plots of NO3 /Na" ratios and C1"/Na" ratios indicate the presence
of NOs3 contamination and the groundwater in the study area was found to
have a maximum of 65 mg/L NO3 concentration.

e High NOs; was found to be more in post-monsoon seasons which may be due
to municipal sewage and some agricultural activities.

e Pearson’s correlation analysis revealed that EC, TDS, TH, HCO3; and Na" are
identified to be important physico-chemical parameters for drinking water
quality because they correlate with the majority of the groundwater
parameters.

e The WQI reveals that the groundwater in the southern part of Kohima town is
primarily safe and suitable for drinking purposes. In contrast, the northern part

of the town is mostly very poor and unsuitable for drinking.
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e The groundwater quality for drinking purposes was found to be better in 2021
as compared with the WQI of 2019.

e The majority of the groundwater samples are suitable for irrigation purposes
based on Wilcox diagram, SAR, USSD and PI.

e The groundwater quality in 2019 is found to be considerably better for
irrigation purposes as compared to 2021.

e Human activities such as the disposal of municipal wastes in open sewage
systems without being treated pose a serious concern for groundwater and the
environment.

e The nature and composition of rocks is another major factor that governs the
chemical composition and quality of groundwater in Kohima town.

e Opverall study reveals that the groundwater is suitable for drinking purposes in
the southern part of Kohima town and the northern part of the town is mostly
very poor and unsuitable for drinking due to anthropogenic and geogenic

components.
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RECOMMENDATIONS

Based on the results and discussion of the various physicochemical characteristics
examined for the groundwater samples in Kohima town, the following recommendations
are made to minimise further degradation and conserve groundwater for the benefit of

future generations.

e Proper monitoring system for assessing the groundwater quality for drinking
at particular intervals is needed.

e Proper town planning should be done to preserve the catchment areas from
urbanization for surface and groundwater recharge.

e The springs with high discharge should be maintained and protected.
Springshed management will significantly help in mitigating the people's
water requirements.

e Kohima town receives a good amount of annual rainfall, so surface basins and
rainwater harvesting are suitable to conserve, recharge and meet the demands
of water.

e Wells with high Fe content should be treated before being used for drinking
purposes. An innovation from IIT Guwahati has made a traditional method for
household use to remove iron below 0.3 ppm without increasing the pH above
the acceptable limit by using the ash of banana pseudostem.

e Heavy metals such as Cd and Fe can also be removed by filtration through

hydrogel-based devices and the use of ultra-filtration membranes (Fig. 7).
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Fig. 7: Schematic diagram for removal of heavy metals from wastewater by

using hydrogel-based adsorbent material (Source: Darban et al., 2022)
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e The local government must empower the population with the means to purify
the available water before using it to meet their daily needs.

e Further studies involving isotopic studies should be carried out to enhance and
prove the origin of high sodium, potassium and iron in Kohima town.

e Maintaining a proper drainage and sewage system along with proper disposal
of wastes is the need of the hour to protect the groundwater from being

polluted.

*kkxk
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Geology organized by the Department of Geology, Faculty of Earth Sciences,
Mohanlal Sukhadia University, Udaipur, Rajasthan from 05-06 February
2020.

III. SEMINARS/ WEBINARS AND WORKSHOP ATTENDED

1) Online Tier III Training on “Local Groundwater Related issues and
participatory groundwater management” held at Dept. of Geology, Nagaland
University, Kohima by Central Groundwater Board, NER, Guwahati on 28
February 2022.

2) E-training on “Basic course on PGRS using ArcGIS for pre-field studies” by
RTD, NER, GSITI, Shillong from 4™ -10™ June 2021.

3) Webinar on “A Novel Systems in Waste Water Treatment for Sustainable
development” jointly organized by Department of Civil Engineering and
Internal Quality Assurance Cell, Karpaga Vinayaga College of Engineering
and Technology on 28" December 2020.

4) Virtual FDP on “Water Resources Engineering” jointly organized by
Department of Civil Engineering and Internal Quality Assurance Cell,
Karpaga Vinayaga College of Engineering and Technology from 17" to 23™
December 2020

5) Webinar on “Earthquake versus landslide with special reference to Mizoram”
by Mizoram University on 13™ August 2020

6) E-training on “Fundamentals of Structural Geology” by RTD, SR, GSITI,
Hyderabad from 12 -14™ August 2020.

7) Webinar on “Recent earthquakes in Indo-Burmese Ranges” by Dept of
Geology, Pachhunga University College, Aizawl, Mizoram, India on 6 -7
August 2020.

8) Faculty development program on “Sustainable Water Resource
Management” by Karpaga Vinayaga college of Engineering and Technology,
Dept. of civil engineering, Tamil Nadu from 14™ -16' July 2020
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9) National workshop on “Sequence stratigraphy and basin analysis”, held at
Department of Geology, Nagaland University and sponsored by Nagaland
University and Oil India Ltd from 26™-30" November, 2018.
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