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Abstract

The study was conducted with an aim to provide practical solution for the groundwater management in three villages namely
Singhola, Ghoga and Dhirpur of the North-West Delhi, India. LANDSAT remote-sensing datasets for the last four decades
(1977-2018) were assessed to determine changes in vegetation cover at the selected sites. The Google Earth Engine was
used to determine how values of the Normalized Difference Vegetation Index (NDVI) were found to have varied spatially
and over time for the selected sites. Strong correlations were found between the NDVI values of surface features including
waterbodies, forest land, agricultural land and urban areas in Singhola, Ghoga and Dhirpur, respectively. The relative infil-
tration capacity of soils was highest (92.9%) and lowest (57%) for Singhola and Dhirpur, respectively, due to spatial differ-
ences in soil texture. In each village, locations exhibiting a higher soil infiltration capacity could be used for implementing
managed aquifer recharge schemes using rainwater harvested from rooftops in the villages. This assessment indicated that
the village of Ghoga has the highest potential (3,76,98,013.08 m?) for aquifer recharge through rooftop rainwater harvesting

as compared to the other two villages.

Keywords NDVI - Soil texture - Rooftop capacity - Rainwater harvesting

Introduction

Densely populated areas in many parts of the world that have
seasonal rainfall are facing high water scarcity problems,
particularly in regions that have a semi-arid climate (Falk-
enmark et al. 1989). These problems can often be alleviated
in regions that are underlain by suitable aquifers by harvest-
ing rainfall and surface runoff and infiltrating the water to
ground to store water in aquifers for extractive uses during
the dry season. The amount of water that can be harvested
in rainy seasons by these techniques depends both on the
annual rainfall of the region and the intensity of individual
rainfall events (Helmreich and Horn 2009; Abdulla and Al-
Shareef 2009). Under suitable conditions, well-managed
rainwater harvesting schemes can prevent the water scarcity
during dry seasons and support day-to-day essential activi-
ties (Kumar and Chander 2018),
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The use of engineering measures to harvest rainfall and
enhance groundwater recharge is most effective in areas
underlain by coarse textured soils, although other factors
including macro-structures within the soil profile and veg-
etation cover can also play a significant role in controlling
recharge rates (Horton 1940). The presence or absence of a
vegetation cover may also influence infiltration rates through
a soil profile (Dekker et al. 2007). The presence of a vegeta-
tion cover can increase the water percolation to an aquifer
and reduces surface runoff and consequently prevent silting
through soil erosion (Mukherjee and Mukherjee 2001). It
is, therefore, important to identify sites that have suitable
soils and a vegetation cover in areas where rainfall harvest-
ing can be proposed, and this assessment is generally most
effective when carried out using remote-sensing techniques.
Geomatic techniques can be used to determine spatial pat-
tern of areas where present is present or absent in any region
in India using Landsat satellite datasets in the form of a
Normalized Difference Vegetation Index (NDVI). Geomatic
techniques are also helpful for understanding soil and veg-
etation characteristics as remote-sensing data can also evalu-
ate the soil-moisture content (soil index) in a region (Vidhya
Lakshmi et al. 2015).
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ABSTRACT

This paper focuses on the suitability of spring water for
drinking and irrigation purposes in a part of eastern Himalaya,
south Sikkim, There are many anthropogenic and geogenic factors
contributing as a source of major cations and anions in the
spring water. The spring water chemistry show a variation in EC,
pH, TDS, Temperature, Na*, K*, Mg, Ca®, Fe**, Ph, Mn, Cu,
HCO,, CI, PO,*, NO,, F and SO,*. Mainly two types of water
quality indexing has been used, one for suitability of spring water
for drinking purposes and the other for irrigation purposes. For
drinking purposes, Piper diagram used for determination of water
type, water quality index (WQI) for quality monitoring and
saturation index for mineral dissolution in water. % Na, RSC
(Residual Sodium Carbon) and SAR (sodium absorption ratio) have
been used for irrigation suitability. Piper diagram shows that
CaHCO, type of water was dominant in the study area. The WQI
depicted excellent category and SAR, percent sodium and RSC
(Residual Sodium Carbon) depict excellent, good and permissible
category for irrigation purposes. Principle component analysis
(PCA) was used to determine the major influencing factor
responsible for the variability in the parameters analysed of spring
water.

INTRODUCTION

Sikkim is one of the smallest Indian states of Eastern Himalaya
consisting of four districts namely East, West, North and South.
Major region of the state is hilly with an elevation ranging from 230
to 8583 meters (Roy, 2009). The people of Himalayan region mainly
depend on spring water for livelihood, drinking water, sanitation, and
irrigation (Mahamuni and Kulkarni, 2012). Most of the rainfall flows
off as surface runoff through kholas, streams, and intermittent spring
due to the steep slope. Springs get recharged through infiltration of
rainfall through fractures, joints, weathered zones of the rocks and
through soil covers. Spring discharge increases by 2 to 6 times during
the monsoon season as compared to the pre-monsoon season. It
plays a very significant role for fulfilling the water security to nearly
80% of the rural households (Roy, 2009).

Although Sikkim is endowed with rich water resources but due to
poor management, degradation in water quality has been observed in
recent years. Being a tourist spot and a commercial hub, most of the
towns in Sikkim are growing rapidly. Therefore, there is & need for
proper management of water supply systems of these towns which
can fulfill the water supply demands of consumers as well as tourist
population. The state of Sikkim exclusively depends on surface water
sources like streams, rivers, lakes and springs. The springs originate
from the underground aquifers which are recharged with rainwater
(P.H.E., 2012-2013).
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The water quality of the study area is relatively good as it is a
lowland area (Verghese, 1990). As discussed earlier, the spring water
is the main source of livelihood and it comes through various geological
structures like fractured and joints. The chemistry of groundwater
affected by many factors like geology of the area, the extent of chemical
weathering of various rock types and other anthropogenic factors
(Singh et al., 2015). The chemical quality of groundwater is evaluated
based on its suitability for agricultural and domestic purposes
(Mukherjee, Kumar, & Koertvelyessy, 2005). All these factors are
responsible for various water types which may vary from place and
time (Ako et al., 2012). The run-off water interacts with weathered
zone of schist, gneisses, quartzite and phyllite rocks (Tiwari, 2012).
Due to gravity flow, the spring water reaches the household of lower
areas. It is discussed that with increase in the run-off time, the surface-
water interaction predisposes the water to microbial and mineral
contamination present within rocks. Due to hydro-meteorological
conditions, Sikkim receives the maximum rainfall amounting to more
than 2500mm (P.H.E., 2012-2013). The precipitated water is
responsible for weathering process. Therefore, the present study was
carried with emphasis on the spring water hydro-geochemistry which
helps in determination of the acquisition process of solute into water
and primary and secondary minerals saturation states in groundwater.
The chemical characteristics of groundwater were analyzed with the
help of hydrogeochemical facies and hydrogeochemcial signatures such
as dissolution, ion exchange process, precipitation and calcite buffering
mechanism. Conventional graphical plots have been used to determine
various hydrogeochemical processes controlling the hydrochemical
characteristics of an aquifer in the study area (E. J. Singh, Gupta and
Singh, 2013). Principal component analysis and correlation matrix
are used in this study to identify the interaction between physico-
chemical parameters of water and to understand the important variables
which affect the quality of water (E. J. Singh et al., 2013).

STUDY AREA

The study area belongs to a part of south Sikkim extending from
88.271° E to 88.538° E longitude and 27.078° N to 27.336° N latitude
(Fig. 1). Climatic condition in the study area can be broadly divided
into tropical temperate and alpine zone. The climate and weather of
the whole state is mainly governed by elevation which ranges
from 230 to 8583 meters. The average annual rainfall in Sikkim is
2739 mm. The rainfall of pre-monsoon occurs in April to May and
monsoon operates normally from the month of May and continues
upto early October. South Sikkim has a lower elevation and is
dominated by cultivated land. It is characterized by Himalayan
topography with series of crisscross ridges and ravines (CGWB, 2017).
This variation is due to the south direction of drainage pattern. Most
part of the state is encompassed by Precambrian rocks (NIC, 2017).
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Abstract

The study area Faridabad District is situated in the south-eastern part of state Haryana in the National Capital Region Delhi,
India. From past few decades, change in land use pattern has affected water resources in the area both in terms of quantity
and quality. To avoid further degradation of groundwater, the present study aims to identify the sources and the processes
contributing to groundwater salinity and pollution, based on hydrogeochemistry in integration with GIS. The groundwater
vulnerability has been assessed by rock—water interaction, geochemical processes, river/canal seepage, pollution and inter-
mixing, variation in land use activities. The study suggests that the region-specific factors such as unplanned land use pattern
and waste disposal, drainage as well as intermixing of groundwater play significant role in groundwater pollution besides
geochemical processes. Salinity in shallow aquifers is usually as a consequence of leaching of evaporates in waterlogged
areas along canals during rain or irrigation; mineral weathering; evaporation induced concentration of dissolved salts; saline
groundwater movement from deeper to shallower aquifers due to continued indiscriminate groundwater over-abstraction;
and expanding lateral extent of pollution in the overexploited aquifers.

Keywords Groundwater - Salinity - Geochemical processes - Groundwater recharge - Geochemical modelling - Faridabad
Haryana

Introduction

The concept National Capital Region (NCR), Delhi, orig-
inated to relocate the commercial activities to keep pace
with increasing migration of population, dynamic changes
in land use and land cover; and to achieve environmentally
sustainable development. Over the past decades, the NCR,
India’s largest and the world’s second largest agglomeration
of people has faced rapid growth in population, urbaniza-
tion, industrialization and agricultural intensification, which
caused scarcity of water. Faridabad District in Haryana
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State—a part of the NCR is one of the largest industrial
estates of Asia, housing a number of small, medium and
large industries, such as agro-based, chemicals, electroplat-
ing, fertilizers, dyeing, textile, weaving, pharmaceuticals,
machinery parts, and wooden products. Along with indus-
trialization, the area has also experienced high agricultural
development. The consumption of fertilizer increased from
130.77 kg/Ha in 2000-2001 to 329.55 kg/Ha in 2010-2011
(Agricultural Department of Haryana 2013). Increasing
urbanization and industrial activities also lead to increase
in solid waste generation. Presently, 200 MLD of sewage
is generated, and about 85 MLD is being discharged to the
River Yamuna without any treatment. The present industrial
water demand is about 20MLD and the same is expected to
reach 100MLD in 20 years. In 2001, sewer network covered
65 per cent of urban population in the district which has
increased to cover only 70 per cent of the population in 2011
(NCRPB 2013).

Although Agra canal and Gurgaon canal were constructed
to meet the irrigation water demand, yet, about one-third of
the treated sewage in the area is utilized for irrigation. The
rest of sewage is discharged into Budhiya Nala and Gaunchi
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Abstract Unplanned abstraction of groundwater due to
various land use land cover activities and variations in
monsoonal rainfall have greatly affected the availability
and quality of groundwater resources in semi-arid regions
of India. In the present study, a study of the hydrogeo-
chemical characteristics of groundwater was undertaken in
the Sonipat district of Haryana in India together with the
use of stable isotope (5'*0 and 8D) measurements and GIS
analysis. A total of 53 groundwater samples were collected
from seven blocks of the district, and 14 water quality
parameters and stable isotopes (3'*0 and 8D) were anal-
ysed to infer hydrogeochemical processes taking place in
the area. The integration of hydrochemistry with GIS is
very helpful to understand the factors governing in the
arca. The majority of the samples showed Na-Cl type of
hydrochemical facies. The trilinear plot for major cations
and anions in groundwater indicates dominance of sodium,
calcium, chloride and bicarbonate ions. Nitrate plumes in
the groundwater appear to be migrating in groundwater
from the central and south-western parts of the area
towards the urbanized areas. A total of 64% of the samples
exceed the maximum permissible limit of 1.5 mg/L given
by WHO for fluoride. Besides natural sources such as sil-
icate and carbonate weathering, ion exchange, and reverse
ion exchange, the leaching of surficial salts and untreated
industrial wastes along with unregulated abstraction are
contributing to poor groundwater qualily in the study area.
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An assessment of saturation indices has shown that
groundwater in the area is unsaturated with respect to
anhydrite, halite and gypsum suggesting significant con-
tribution of Ca®*, Mg”™ and other ions in the groundwater.
A scatter plot of 3'%0 versus Cl also suggests mixing of
saline water with fresh groundwater.

Keywords Hydrogeochemistry - Geochemical modelling -
Saturation index - Stable isotopes (3'*0 and 8D) - GIS -
Sonipat

Introduction

Haryana, a part of national capital region (NCR), is one of
the states in India that are undergoing the greatest rate of
economic growth. The population of the NCR has
increased from 9.93 million in 2000 to 11.86 million in
2010 and is expected to double by 2021. This rapid growth
of population, the rising demand for improved agricultural
varieties and increasing industrialization pose a serious
threat for the availability of water in the region. Thus, the
concept of NCR was formulated, to develop a metropolitan
arca around the Delhi to divert the population pressure
from the region (NCR 2011-2012). The state of Haryana is
an industrial hub of the country and has more than 1347 big
and medium industrial units and 80,000 small-scale
industrial units (CII 2010).

Besides industrialization, Haryana is also an agricul-
turally rich state in north-western India which covers an
area of 4.42 million hectares and accounts for 1.3% of
country’s total geographical area. The gross cropped area
of the state is 6.51 m ha, and the net cropped arca is
3.64 mha with a cropping intensity of 184.9%. The total
consumption of fertilizers in the region was 42 kg/ha in
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Abstract

The change in land use land cover (LULC) pattern is the result of natural and socio-economic
factors and their use by human being over time and space. Change analysis plays an
important role in natural resource management and in the assessment of environmental
change. Land use land cover changes over a period of 25 years have been studied with the
help of remote sensing and GIS in a part of Sonbhadra district of Uttar Pradesh and Singaruli
region of Madhya Pradesh. The study area situated is situated in the vicinity of Govind
Ballabh Pant Sagar reservoir. The present study is focused on the changing land use practices
and their implications in the study area. Land use and land cover patterns at different time
viz. 1991, 2000 and 2014 were analyzed and compared using a hybrid method of
classification in ERDAS Imagine version-14. Data for this purpose was sourced from remote
sensing satellite imageries of LANDSAT (TM of 1991 & ETM+ of 2000 & 2014) and Survey
of India (SOI) topographic sheets on 1:50000 scale. After downloading Landsat data it has
been proceed and further analyzed in Arc GIS version- 10.3. In this method, a statistics of
area change in agriculture, barren land and forest cover, which is governed by variation in
geology and prevailing structural anomaly were calculated.

Keywords: Land use, land cover, Landsat, ARC GIS, remote sensing, ERDAS imagine

1. INTRODUCTION

Land Use Land cover (LULC) and human/natural modifications have mainly caused in
deforestation, biodiversity loss, global warming and an increase of natural disaster flooding
(Mass et. al. 2004; Zho et. al. 2004; Diwedi et. al. 2005). These environmental problems are
often connected to LULC changes. The term land use describes the land, which uses for
several activities of human whereas land cover states the naturally occurring land parcels like
natural vegetation, water bodies, rock/soil etc. (Kumar et al. 2012; Kahlon, 2015). Therefore,
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