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CHAPTER-1
INTRODUCTION



1. INTRODUCTION
1.1. General Background

Water is most precious and a universal asset. Water provides life supporting
system of human beings, vegetation/plants and animals. It is also very
important part of socio-ecological environment. It is evident from the fact
that without water no civilization can sustain. That is why; ancient
civilizations are developed along the water courses and near water bodies.
Great importance of water and its development for all kind of needs
including environmental functions can be found in ancient texts, local
tradition and archeological remains. But these vital natural resources are
depleted rapidly, since this life saving resources are always taken for
granted in name of development. The twentieth century has seen
phenomenal growth in the use of water and the easy accessibility of
groundwater by even small-scale users, its local availability and the
difficulty of coordinating and governing many users of the same aquifers
across wide geographic spaces has frequently led to indiscriminate
extraction of this precious natural resource for domestic, industrial and
agricultural uses around the world. Groundwater exploitation, particularly
in India, has increased by leaps and bounds over the last 50 years along
with the expansion of shallow, mostly private, wells. The growth of
groundwater abstraction from 1950 to 1990 clearly depicts the increasing
use of ground water utilization across sectors. Groundwater is not an
independent entity as it is only one of the phases of the Hydrologic cycle.
This cycle is maintained by precipitation, runoff, evaporation, transpiration,
ground water flow, each one of which is dependent on the other. Though
precipitation is the main source of groundwater, all of the precipitated water
does not form groundwater. Only a part which gets infiltrated into the
ground reaches the groundwater aquifer underneath and the rest flows
down to the sea as runoff and goes back to the atmosphere. It is, therefore,
obvious that the occurrence, movement and storage of ground water would
be intricately related to the climatological behaviour, the quantum and

subsurface geological conditions. Ground water recharging has becoming an
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emerging new paradigm in water resource development and management.
Through different type of groundwater recharging method this over
exploitation can be mitigated to great extent. Apart from natural recharging
areas it essential to adopt different method of reaching to rise the water
level at a greater extent in the long run to meet the demand of water for all

stakeholders for sustainable development of groundwater.

1.2. Importance of research in regional and global perspective

Groundwater in the area to the western part of West Bengal the rocky
terrain and literate bearing undulating uplands occurs under water table
condition in the near surface aquifers and under confined conditions in the
deeper aquifers. Excepting some local recharge zones which replenish
groundwater in the near surface aquifers, the deeper aquifers in the eastern
parts separated by impermeable clay zones get replenished from infiltration
of the precipitated water in the distantly located recharge zones. These
recharge zones are located along the boundary of the rocky and the alluvial
areas to the west and also in the northern portion of this part of the state
located in the Murshidabad and Nadia districts where a thick granular zone
from the surface down to 150 m depth occurs. The deeper aquifers below
Kanchrapara in the 24 Pargana (North) to far south up to the coast are
recharged from the north. The above discussions clearly depict the close
relationship between the physical and geological factors with regard to
groundwater occurrence and availability (A.B.Goswami). Over the past three
decades, government policies that subsidize credit and rural energy supplies
have encouraged a phenomenal increase in the growth of groundwater
development as the ground water abstraction structure have increased from
4 million in 1951 to nearly 17 million in 1997 (Chadha, 1999). Groundwater
extraction is convenient since it is available on demand. The status of
ground water development for West Bengal state is in stress condition .At
present, the groundwater contributes about 50 percent of water for

irrigation, 80 percent for domestic use in rural areas and 50 percent in



urban and industrial areas. Out of assessed 23.09 bcm of replenishable
groundwater, a provision of 3.46 bcm has been made for domestic,
Industrial and other uses, with remaining 19.63 bcm for irrigation. Rapid
pace of groundwater development is resulting in over-draft and water table
is declining at an alarming rate. Excessive extraction of groundwater by tube
wells in the sweet water zone of West Bengal declined its water table at the
rate of 23 cm per annum. An area is said to be overexploited when the level
of groundwater utilization exceeds the annual recharge of groundwater in
that area. Hydrological classification constitutes the first step of a new
holistic framework for developing regional environmental flow criteria: the
aim of this study was to develop a cost effective technology models for
recharging in over-exploited groundwater resources through application of
different groundwater conservation structures(Check dam, Collector, well,
recharge shaft, Subsurface-Dam) in Hydrological and Hydro geological
critical areas of West Bengal and assess the performance of different
recharging technology units including economic viability, social acceptability
and technical feasibility. Eco-friendly recharging technique are come out
from the field study and prepared GIS based Map. To achieve the goal
initially hydrogeological investigation done for classification of 90 stream
sections of the Damodar, Kangshabati, and Darorokeswar river on 10
hydrological indices that characterize their natural flow regimes and also
Identify Hydrological & Hydrgeological critical areas and to provide
sustainable and Cost effective solution. The hydrological indices were
calculated with 25 years of natural monthly flows (1990-2015) derived from
a rainfall runoff model developed from historical data and field survey data.
These indices included, at a monthly or annual basis, measures of duration
of droughts and central tendency and dispersion of flow magnitude (average,
low and high flow conditions. These classes can be simplified in 3 broader
groups, with different seasonal discharge pattern: large rivers, , perennial
seasonal streams and intermittent and ephemeral streams. They showed a
high degree of spatial cohesion, following a gradient associated with climatic
aridity from NW to SE, and were well defined in terms of the fundamental

variables. Ecological point of view have been used for hydrologic



classification to place individual streams and rivers into a broader spatial
context with the goal of maximizing the transferability of knowledge among
rivers of the same hydrologic class and to show broader application of
intensely studied sites to unstudied sites .Hydrologic classes are expected to
have similar biological responses to both natural and human-induced
variability in patterns of magnitude, frequency, duration, timing and rate of
change in flow conditions. Consequently, systems that show commonalities
in their hydrologic characteristics have provided a basis for testing whether
hydrology influences the structure and function of biological communities in
a similar fashion (e.g. Poff and Ward 1989; Jowett and Duncan 1990; Poff
and Allan 1995; Snelder et al. 2004). Recent efforts have also focused on
how rivers in different classes vary with respect to the degree of human
influence (e.g. land use, river regulation, construction of barrier or dam,
with drawl of water for Industrial and agricultural uses , drinking water and
pollution concentration) thus providing a benchmark against which the
response of biological communities to these factors can be accessed through
Detail survey. In hydrological classification within above mentioned three
rivers Damodar river basin is only classify as large river catchment area but
due to human influence construction of DVC project, Shantaldihi thermal
plant and drinking water project with drawl rate was very high and riches
to hydrologic critical condition. Other two river basins Kangshabati and
Darokeswar are comprise of small catchment areas and short duration
irregular rain fall with high bed slope. Therefore it helps to drain quickly to
downstream and creates a hydro-geological critical condition in river basin.
Hydro-geologically three river catchments area is underlain by granite gneiss
and quartzite. The depth of weathering which is an important factor to
locate the areas for good groundwater recharge is more in case of the former
while the latter is less weathered. The northern part of the area falling along
the course of Dwarekeswar river is underlain by quartzite while granitic
rocks are available in the sub-surface along the catchment of Futiary
stream. Depth to water level as observed from the wells varies from 7.5 to
11.0 m below ground level during pre-monsoon 4.8-7.5 m below ground

level during post-monsoon. Although the weathered zone is having good
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proportion of sandy residue with relatively high porosity and permeability,
moderate to high slope of the country facilitates quick recession of
groundwater during lean period. Hence, the wells located in higher
topography become dry during summer. As a result this two river also riches
the critical condition. As the rivers are mostly gaining in nature,
groundwater recharge activities are increased in the upper catchment along
the river, the same would regularly enrich the base flow of the rivers
consequently the rivers become more perennial. All these scientific
observations and knowledge are utilized during framing the model of
conservation and recharge in the area.Economic approach to the
management of water resources is one of the balancing competing
objectives. It is obvious that improvement in quality of living environment
enhances our sense of well-being. Water constitutes a major part of our
environment, and individuals quite naturally express their preferences for
clean water and in adequate quantity. Supply of safe drinking water is a
global concern. In the context of developing countries where issues of
poverty and inequality deserves special attention, provision of safe and clean
drinking water at an affordable price is also inextricably tied to efforts to
erase gender inequality, alleviation of poverty, and enhancement of
productivity (Jain 2012). The problem is particularly acute in the Southeast
Asian countries where water resources have suffered both qualitative and
quantitative degradation in a massive way under an enormous population
pressure. Recent satellite-based estimates show that groundwater level is
rapidly declining in many parts of India (Matthew et al. 2009). Rising
demand for water by ever-growing population has forced over extraction of
groundwater in many areas. Contamination of underground aquifers by
leached out arsenic and fluoride has further aggravated the problem. In the
arsenic contaminated areas, concentration of arsenic in groundwater has
been found to reach up to 3 mg/L against the WHO-prescribed maximum
permissible contaminant level (MCL) of 0.01 mg/L (Pal et al.2012).
Concentration of fluoride in the groundwater of the surveyed block was 12—
15 mg/L against the MCL of1.5 mg/L as set by WHO (Chakrabortty et al.
2013). High population density and ever-degrading groundwater quality
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have resulted in rapid decline in per capita availability of safe and clean
drinking water (Roy 2010; Roy et al. 2008). Threats of climate change and
inadequate rainfall have added other dimensions to the already stressed
water resources. The state of West Bengal an eastern province of India is
currently confronted with the challenge of supplying safe and adequate
drinking water to millions of its people living in rural areas because of
contamination of groundwater by arsenic and fluoride. Ten districts (out of a
total of 18 districts) of West Bengal are arsenic affected (involving 30 million
people) and the fluoride contamination problem has affected 43 blocks
spread over seven districts (Bhattacharya and Chakrabarti, 2011). In most
of these affected areas, alternate river water sources are often far away
particularly from its fluoride-affected and water stressed regions. When
bringing safe drinking water from faraway places is difficult, the other
solution that remains is treating contaminated groundwater to the safe level
using modern separation and purification technology. However, literature
shows that such options have hardly been tried. Thus despite several
studies on the groundwater contamination problems, people still continue to
suffer as scale-up confidence is often limited for setting up such modern
technology-based treatment plants. The common belief is that advanced
water treatment schemes are likely to be very expensive and the affected
people cannot think of such an advanced water treatment scheme. There
has neither been any convincing techno-economic feasibility study. Thus
developing a sustainable water resource management strategy remains a big
challenge to the scientific community and the policy maker for such areas
facing acute drinking water crisis. This necessitates thorough economic
evaluation and comparison of the alternate technologies with respect to the
affected region. This article aims to assess the current water status of such
a critically water-stressed region of India both quantitatively and
qualitatively and estimate benefits of water status improvement in order to
develop a sustainable water management policy for a water scarce region.
The selected study region as indicated by arrow in the map, presents a
critically water-stressed region of West Bengal. This district is one of the
most economically backward districts of West Bengal. Average annual
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rainfall in this district is only 1,200 mm. Rainfall in this region is below the
state average, surface water resources are very scarce and groundwater in a
number of blocks of the district is fluoride affected (Gupta et al. 2006;
Ghosh et al. 2010). The district suffers from acute shortage of drinking
water supply during the dry months and draws critical and immediate
attention of the decision makers. It transpires from literature that the
proposed research is the first of its. Keeping in view, to mitigate the acute
water crisis not only in drinking water but also to provide irrigation water in
Purulia district, an extensive water harvesting through recharging
structures have been planned and subsequently few structures are selected
and implemented with design based criteria. Under these circumstances, the
overall objective of research work highlights a low cost technology model has
been design and developed in the undulating rocky terrain. The pilot model
cater the need for recharging in water scared particularly in valley and foot
hills areas and for  project scenario through the development and
management of harnessing excess water for different stake holder. The pilot
model implement at identified location, it will exhibit its efficacy in the rocky
terrain and it would be a tool for policy maker for sustainable water
recourse development in other similar terrain not only in West Bengal but
also in the states like Jharkhand, Bihar etc. is to identify the suitable areas
for recharging structures with low cost technology models through people’s
participation and their willingness so that the overall storage water could be
augmented over implementation in the defined catchment and also the
water table and the soil moisture would be raised as well to mitigate the

water problem contaminated with fluoride and other metal substances.

1.3. The study area

The area under consideration in this research is the Purulia district which
includes three river basins Kangshabati, Damodar, and Darokeswar
catchment area and the Field model has been installed in Ghutlia village
falling under Simla-Dhanera GP of Kashipur block In Purulia district.

Location map of the study area shown in Figure 1.1 below.
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Figure 1.1 : Tangible road map of study areas

Research motivations

Groundwater is an important resource for India and thus for
sustainable use of it, a sustainable cost effective recharge technology

is vital;

Purulia is hydrogiologically critical area, drinking water scarcity
problem in drought prone Purulia district is a major problem therefore
mitigation of water scarcity is needed. Most of River and stream in the
Purulia district are almost dried up in summer season and as well as
in winter season. Therefore, groundwater is an important resource for

the Purulia District and thus its recharge is vital ;
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e Site-specific characterization is needed to identify areas of high
potential of groundwater recharge and hence every care should be

considered when developing land use categories and related practices.

e Literature survey reveals that application research was so far carried
out to ascertain groundwater recharge potential and implementation
model of utilizing that potential in hydro-geologically critical areas of

West Bengal.

1.5. Research objectives

The main objective of the present research work is to develop cost effective
technology models for recharging in over-exploited groundwater resources
through application of different groundwater conservation structures in
hydrological and hydrogeological critical areas of West Bengal and assess
the performance of integrated model involving different recharging
technology units including economic viability, social acceptability and

technical feasibility.

1.6. Beneficiary stakeholders
The outcome of this research will be of great importance to the following:

e Water resources development managers; From this thesis work
water resources managers will be apprised about composite model of
cost effective technology for recharging in rural areas where ground
water is over exploited as well the area is hydrogeologicaly critical.
This study will also provide an insight of optimal withdrawal of sub

surface from hydrological critical areas.

e Decision makers; This work will develop a database which
culminates into GIS based map, out of VES survey pump testing and
determine sustainable withdrawal aquifer response occurs. This will

helps future planning for groundwater utility.

e Education and Research sector; There is a direct need to develop an

environmental information system and a groundwater information



system such that available data pertaining to the Ghutlia drained by
river Darokeswar and its tributary locally known as futiary
jhor(stream). It is also be helpful as a case study for planning cost
effective ground water recharging structure in over exploited ground
water resources in rural area will facilitate water management for
future research. The present application research may be useful in
in apprising the concerned department to replicate in the critical areas
as well as technical input to the researcher developing ground water
resource for an effective and sustainable use of this important natural

resource.

e Farmer & Villagers; Direct impact on agricultural command area and
drinking water availability purpose of the villagers in the adjacent area

where field model is installed.

1.7. New research dimension

The present application research of this thesis work highlights the design,
field study and deployment of low cost groundwater recharging model has
in the undulating rocky terrain. The pilot model may cater the need for
recharging in water hydrologically and hydrogeologically critical areas for
future project scenario through the development and management of
harnessing excess water for different stake holder. Once the pilot model
could implement at identified location, it will exhibit its efficacy in the rocky
terrain and it would be a tool for policy maker for sustainable water
recourse development in other similar terrain not only in West Bengal but

also in the states like Jharkhand, Bihar etc.

1.8. Methodology

The overall research methodology is mainly divided into four components:
data collection, data analysis, model development and output and result
analysis. A Gram panchayat in one district was chosen through
participatory rural appraisal technique and with consultation of local

community or panchayat. Accordingly critical water scared falling under
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Simla-Dhanera Gram Panchayat Kashipur block in Purulia district was
selected based on base line house hold survey carried out questionnaire
format. Land use map includes drainage boundary topography etc. will be
prepared based on GIS software (ERDAS), Surfer 8.0 and GPS technology.
Scientific studies were carried out the project related data pedology, geology,
geomorphology, surface groundwater identified locations. Finally a cost-
effective composite model includes Check dams in series, Recharge wells
with shaft, Percolation Tank with recharge shaft, sub-surface dam,
Multipurpose collector well with side spillway and infiltration gallery in
valley will be designed and developed for groundwater recharging in over
exploited areas like Purulia district in west Bengal .Since the selected areas
i.e. Purulia district in West Bengal is underlain by hard rock’s with limited
potential of groundwater, rainwater harvesting and recharge to sub-surface
reservoir and optimal development of groundwater in the micro watershed is
to be achieved for utilization of both surface and ground water potential to
mitigate the acute crisis of drinking water as also to provide irrigation water
in the study area, intensive rainwater harvesting and artificial recharge of
ground water have been envisaged which can be achieved through proper
application of watershed development or groundwater recharging
techniques. For the up liftmen of the poor SC and ST population in the
study area, watershed development is the prime factor to upgrade the

economy of poor inhabitants.

1.9. Research outcomes

The cost-effective composite model includes Check dams in, Recharge wells
with shaft, Multipurpose collector well with infiltration gallery in valley, and
it has been designed based on households base-line survey, hydro-geological
investigation through PRA exercise and with consultation of local
communities, as well as collection of different designed based on hydro-
geological and hydro-meteorological scientific data and site suitability.
Organized collected data source of different designed based hydro-geological
and hydro-meteorological scientific data for site suitability at that region.

Assessment of per capita drinking water availability in the village.Per Capita
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drinking water availability will be mitigated to same extent as per standard
norms to all the villagers in Selected Gram Panchayat of Purulia district and
the irrigated area could be extended up to a greater extent so far their

waterless land resources are concerned.

1.10. Thesis outline

The thesis consists of eleven Chapter 2 contains literature review. Chapter 3
describes the study area and its characteristics. Chapter 4 presents the
research methodology. Chapter 5 survey and investigation. The process site
selection with application of GIS and MCET approach described in chapter
six Water Quality Scenario included in chapter -7and Hydrological data
analysis and processing with numerical model discussed in Chapter 8 An
overview of the development of the Cost-effective groundwater recharge
model is discussed in Chapter 9. Chapter 10 demonstrates result and
Impact analysis of the model. Finally, conclusions and recommendations are

provide in chapter 11.
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2. LITERATURE REVIEW

2.1. State of the art work in the global perspective studies to
developed rain water harvesting and groundwater recharging.

High undulating terrain, irregular monsoon, increasing industrial, irrigation
and drinking water demand and overexploitation leads to exhaustion of
groundwater resource and drop of groundwater layer in many parts of the
world. This has create attraction to the researcher, government authority
and policy maker understand, agree, and execute recharge of groundwater
artificially in order to arrest such rapid lowering groundwater tables
(Samadder et al., 2012). Therefore, artificial groundwater recharge for
subsurface water storage has become an important aspect of studies and an
effective measure to manage water-scarcity problem trough out the world
(Barksdae and Debuchanne, 1946; Todd,1959) Alternative rain water
harvesting methodology is playing crucial role for urban water scare area.(
Wright and du Toit, 1996) Artificial recharge scheme can be established with
help of regional study ( CGWB, 2000) Hydrogeology is essential aspect for
regional study (Bouwer, 2002; Asano and Cotruvo, 2004; Ong’or and Long-
Cang, 2009). Rainwater harvesting and groundwater recharge of aquifers is
affected by many factors such as :population growth, socioeconomic need
and demand, economic feasibility (capital investment, operation cost, cost-
effectiveness, skilled operational staff availability etc.)physical and
technical feasibility (water quality, source water, site suitability,
compatibility between source water and native water, etc.), and expected
benefit or result (quantity of replenishment, fulfillment of demand,
sustainable use of the extracted water, etc.). Groundwater recharge through
recharge shaft in surface water recharge method collect fresh water from
rivers, reservoir ,harvested rain-water into an aquifer via single well or a
group of wells during periods of monsoon when water surplus, and is
withdrawn at the time of summer and winter when water availability is less .
Long-term groundwater monitoring data is help full to reveal scenario of the

groundwater system (Turner et.al 2015) Subsurface water source creation
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has many advantages over surface water source creation such as less
chance of contamination and evaporation loss, non-occupancy of space over
the land and little maintenance cost. Arid and semi-arid regions hard rock
areas, groundwater aquifers is already over-exploited, groundwater recharge
has capacity to increase storage water and soil moisture also reduce drought
(Dillon, 2005). Sometimes aquifer productivity is also measured and mapped
using kringing a geo-statistical interpolation techniques such as, but these
techniques tend to be unsuitable for mapping at the larger scale due to
requirement of the more data and time (Corinna Abesser and Melinda Lewis
2015). To estimate changes in groundwater storage from changes in gravity
over time. Maps of other key hydrologic budget components (Wolock
2003)However, recharge of water in the subsurface formations is a critical
method, and depends on many factors, like survey for site selection to
determination of the suitability of the source water, quality assessment of
water, sedimentation load calculation, contamination control and its
interaction with the groundwater, from collection of rainwater, recharge
methods to recovery sustainable water quantity, all are important for the
success of a recharge model and required reassessment process. Water
quality is one of the most important aspect of groundwater recharge to
aquifers because if any contamination like pesticides, industrial waste
recharged to the aquifer then whole groundwater aquifer will be
contaminated. Hydro-chemical criteria such as TDS, chloride
concentration, isotopes, pHis also important (Sukhija et al., 1997; Pérez-
Paricio et al., 2001).But normally anomaly between the aquifer water and
recharged water is extremely high, water quality generally imposes no stop
to water harvesting project. Sometimes recharge of portable water improves
water quality of the concerned aquifer through dilution (Gale et al., 2002).
From qualitative aspect, artificial recharge of aquifers has many advantages
as listed by Stuyfzand (2001) which includes removal of of heavy metals
suspended fine particles and pathogens. Due to the high quality of the
groundwater, geochemical compatibility is required between the native
aquifer-water and the harvested water. Above mentioned issues very vast
and are beyond the arena of scope of discussion in this article as the
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present research study focuses on selection of intake well sites for
sustainable subsurface water-storage. Selection of methods and suitable
location is very important for the success of a Sustainable subsurface water
recharge model. The selection of sites and techniques for water storage
requires detailed survey of hydrological, hydraulics and geological,
conditions which is more critical in hard rocks, where of infiltration rate and
recharge rate calculation is very difficult. Water storage through Integrated
model(Check Dam, Recharge shaft, collector well gives an emphasis on
recovery of recharged water. Several indices such as recovery ratio k (Bear
andJacobs, 1965) and regular Recovery Efficiency Sheng et al (2007) had
been evaluated for assessment of efficiency of well in terms of percent of
recovery of harvested or recharged water for a recharge-withdrawal cycle.
Groundwater (GW) recharge is defined as the fraction of total precipitation
falling into a drainage basin, which eventually reaches the water table in the
saturation zone of an aquifer (Juki¢c and Jukic¢, 2004). It is a fundamental
component of GW systems (Sanford, 2002), because information on GW
recharge rates is often necessary for water resource management, inputs to
regional GW models and predictions of climate change impacts (De Silva and
Ruston, 2007). Thus, GW recharge is a critical hydrological parameter,
which may need to be estimated at a variety of spatial and temporal scales
depending on the application. Since GW recharge cannot be measured
directly, it is often estimated by using the results of hydrogeologic and
geologic investigations, hydro meteorological data, observed discharges or
GW level hydrographs (Juki¢ and Juki¢, 2004). However, aquifer scale
recharge estimation is often required for water resource assessment and
management, whereas local-scale recharge is critical to assessment of GW
contamination from point sources. Estimation of GW recharge may be
required on temporal scales ranging from days to thousands of years. As
aquifers are depleted, recharge estimation have become more vital in
determining appropriate levels of GW withdrawal. In addition, recharge
estimation is becoming more important for contaminant transport, as
aquifer management expands from cleanup of existing contamination to
aquifer protection by delineation of areas of high recharge (Scanlon and
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Cook, 2002). Thus, understanding GW recharge and its accurate estimation
is essential for the successful management of water resources and modeling
fluid flow and transport of contaminants within the subsurface (Healy,
2010; Healy and Cook, 2002). Increasing demand for recharge estimation is
forcing the researchers to develop approaches for building a more thorough
understanding of aquifer recharging process and quantifying recharge rates
that reduce uncertainties and increase confidence in recharge estimates
(Scanlon and Cook, 2002).Sub surface water is natural resource in most
countries, particularly for those in arid and semi-arid areas, due to its
relatively low susceptibility to pollution in comparison to surface water
(Jamrah et al., 2008). But the existence of groundwater is under great stress
of degradation both in quality and quantity. Due to increase in population,
lack of awareness among the people, and improper management of this
valuable resource lead to depletion of potential and deterioration of the
quality. Unfortunately the excessive use and continued mismanagement of
water resources to supply ever increasing water demands to profligate users
have led to water shortages, increasing pollution of fresh water resources
and degraded ecosystems worldwide (Clarke, 1991; Falkenmark and
Lundqvist, 1997; de Villiers 2000; Tsakiris, 2004). It presents a clear fact
that water is finite and vulnerable resource and it must be used efficiently
for present and future generations GIS has emerged as an effective tool for
handling spatial data and decision making in several areas including
engineering and environmental fields (Stafford, 1991; Good child, 1993).GIS
provides a means of representing the real world through integrated layers of
constituent spatial information (Corwin, 1996). Most GIS, can easily access
overlay and index operations but cannot model groundwater flow and
transport processes. However, coupling a GIS to process-based groundwater
models can provide an effective tool for data processing, storing,
manipulating, visualizing and displaying hydro geological information. Data
used in groundwater modelling consists of four categories: (1) the aquifer
system stress factor, (2) the aquifer system geometry, (3) the hydro
geological parameters, and (4) the main measured variables (Gogu et al.,
2001). A well designed GIS database can significantly reduce the time
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required for data preparation, processing and presentation during the
modelling process. Use of groundwater models in hydrogeology mainly
includes the simulation of steady or transient sate groundwater flow,
advection, hydrodynamic dispersion, and multi-component chemical
reaction. In recent years, the use of GIS has grown rapidly in groundwater
assessment and management research works. Lasserre et al. (1999)
developed a simple GIS linked model for ground water nitrate transport in
the IDRISI GIS environment. Visual MODFLOW is also an user friendly
software that has ability to generate 3D visualization graphics and import
GIS data. Xu et al. (2009) used MODFLOW 2000 (Harbaugh et al. 2000)
coupled with GIS to simulate the groundwater dynamics. All of them vary
both in space and time, thus adopting a Geographic Information System
(GIS) in association with a model is helpful. Coupling GIS technology with a
process-based groundwater model may facilitate hydro geological and
hydrologic system conceptualization andcharacterization (Hinaman1993;
Kolm1996; Gogu et al. 2001), thus also a proper adaptation of the
groundwater flow model to the area under study (Brodie1998). In most of
groundwater modelling softwares such as FEFLOW, MODFLOW, GMS
(Groundwater Modelling System) there is an interface that links vector data
through compatible GIS formats i.e. .shp, .lin, .dxf etc. and raster data
formats i.e. .tif, .bmp, .img etc. Unlike surface water hydrology, the
applications of GIS techniques in groundwater hydrology have received only
cursory treatment and are less documented. In the present paper an
attempt has been made to highlight coupling of GIS technology with
MODFLOW as well as to present a state of the art review on the application
of GIS techniques along with MODFLOW package in ground water hydrology
However, these criteria’s can be calibrated with post-project evaluation of
site-efficiency or impact assessment, but are very limited helpful in decision-
making for site selection for integrated model of groundwater recharging.
The selection criteria for groundwater recharge also concerned with surface
runoff variation (Anbazhagan et al., 2005). Practically low surface runoff or
lean flow can ensure neither good amount of recharge nor sustainable

productivity. Other important are hydraulic parameters such as hydraulic
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gradients, transmissivity, porosity and (Mukhopadhyay and Fadlelmawala,
2009). Some time in a particular region above mention parameters at
different well-location may be similar but recharge, storage quantity , and
yield may be found different. Therefore, it is most likely that these
parameters will give different response with different recharge percentage.
Since subsurface water recharge aims maximum possible availability of
harvested water during the lean period, the water budget equation or
inflow-outflow  ratio of water will be more appropriate criterion. A
hypothetical aquifer-stream water interaction system can developed using
GMS software (groundwater modeling system) not only to depicted the
hydraulic head changes in the groundwater system around well fields but
also able to quantify the flow rate due to change in river stage, harvested
due to rainfall, and also to determine how the surface water could correlate
with groundwater due to with drawl( Roy et.al, 2015). Rationality of design
methods of sub-surface well, dependent on image theory and numerical
model study, adequately supported with geophysical investigations is
combined approach for planning. Integrated -management models related
with numerical simulation model with linear optimization can established to
evaluate relation between groundwater withdrawals and stream flow

depletions.

» Sun et.al.(2011) discuss about reservoir drawdown, the groundwater
table in the adjacent aquifer falls down correspondingly. that is useful
to calculate the groundwater table variation as a function of time
during reservoir drawdown for hydraulic and hydrological purposes.
The Boussinesq equation with a moving boundary is applied to
analyze the groundwater table variation in the unconfined aquifer
during reservoir drawdown. This approach assumes a negligible
seepage face. Since the moving boundary condition in the
mathematical formulation precludes analytical solutions even for the
linear zed Boussinesq equation, it has transformed the Boussinesq

equation into an advection-diffusion equation to address the negligible
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seepage face and the moving boundary condition. Based on the

Laplace transformation, they yield analytical.

Okoro et.al. discuss about a cost effective and efficient alternative in
aquifer parameter estimation. They have using Vertical Electrical
Sounding (VES) at 40 sites in the study area for the identification of
the vertical variation in subsurface lithology and for the
characterization of the aquifer system of the study area. The
interpretation of the VES data revealed 3 to 5 geoelectric units with
the depth to aquifer varying from 7 to 108m and the resistivity of the
saturated layer varying between 42.9 and 8829 ohm-m. Using the
geoelectric data, aquifer depth, hydraulic head and aquifer resistivity
maps they prepare using appropriate software. Aquifer characteristics
in the form of transmissivity and hydraulic conductivity calculated
from interpreted VES results varied from 0.48 to 19.50m2/day and
0.06 to 3.75m/day respectively. This coupling has proved useful and

most valuable in areas of scarce data such as the study area.

Barthold et.al. (2008) States about a major research challenge in un
gauged basins is to quickly assess the dominant hydrological
processes of watersheds. In this paper they present a top-down
approach from first field reconnaissance to perceptual model
development, model conceptualization, evaluation, rejection and
eventually, to a more substantial field campaign to build upon the
initial modeling. This approach led them from an initial state where
very little was known about catchment behavior towards a more
complete view of catchment hydrological processes, including the
preliminary identification of water sources and an assessment of the

effectiveness of our sampling design.
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» 1 W. Welby described a methodology is for estimating a "Ground Water
Working Inventory" for areas of the eastern Piedmont Province
drawing ground water from crystalline rocks. The approach can
improve efficiency in water resource and land-use planning and use of
surface and ground water resources. Calculation of the 7-day, 10-year
and 7-day, l-year flows from stream gage data together with
application of geologic data and information calculated from 24- hr
pumping tests allow the outlining of areas more favorable and less
favorable for ground water development. The Ground Water Working
Inventory based on the 7-day low-flow calculations allows estimates of
available water to be made and permits land-use planners to make
rational decisions about residential densities and other water-related
issues. Political bodies and planners can use the methodology to guide
development according to how large a role ground water is to play in
local water supply planning and management. High density
development can be discouraged in those areas where ground water is
limited and encouraged where commitments for surface water
supplies have been made. Additionally, the inventory provides
information which strengthens planning for use of ground water as a

supplement to surface water supplies.

» Sanz et.al.(2011) discuss about the Mancha  oriental
System(MOS,7,260km2)which is one of the largest aquifers within
Spain, and is encompassed by the Jucar River Basin. Over the past
30years, socio economic development within the region has been
largely due to intensive use of groundwater resources for irrigating
crops (1,000km?2). Groundwater pumping (406 million m3) has
provoked a steady drop in groundwater level and reduction MOS
discharge to the Jucar River. This study aims to characterize the river
aquifer relationship, to determine the influence that ground water

abstraction has on the river discharge. This research has advanced a
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three dimensional large scale numerical groundwater flow
model(MOD-FLOW2000) in order to spatially and temporally evaluate,
quantify the river aquifer inter actions that are influenced by ground
water abstraction in MOS. It is demonstrated that although ground
water increased considerably from the early 1980s to 2000, the
depletion of water stored in aquifer lower than might be expected. This
is mainly due to aquifer recharge from the Jucar River, induced by
groundwater abstraction. The area of disconnection between river and
water table (i.e. where ground water head is lower than the river bed)
is found to have spread 20 km downstream from its position before

pumping started.

Dijksmaet.al.(2010) emphasized about the ground water level in
basalt aquifer around the world have been declining for many years.
They stated that understanding for water path ways is needed for
solution like artificial drainage water supply in in the Palouse
Basin,Washington and Idaho, USA, primarily relies on basalt aquifers.
This study presents a combination of modeling and field observation
to understand the spatial distribution of recharge path ways in over
lying pleistosence sediment. Aspatially distributed model was used to
quantify potential recharge rates. This model shows clearly that the
recharge predominantly occurs trough non- argilic soils, and soils that
are not under lain by fine grained sediments, i.e. upper area of the
watershed. From their field survey they get 83percent perinial
springs.Drilling near spring showed conection of coarse grained
layers within the fine grained sediment of Bovill tpo this springs. Such
layers,with streame like fractures , act as paleo chanels.water from
one of this coarse-grained layers had similar electrical conductivity
(200uS cm-1) to water from a downstram perennial spring, also
suggesting the existence of a lateral conduit for deep percolation

water.
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» Oh Kimet.al.(2006) State that the various combining methods that
have been commonly used in economic forecasting, and examined
their applicability in hydrologic forecasting. The following combining
methods were investigated: The simple average, constant coefficient
regression, switching regression, sum of squared error, and artificial
neural network combining methods. Each method combines ensemble
streamflow prediction _ESP_ scenarios of the existing rainfall-runoff
model, TANK, those of the new rainfall-runoff model that has been
developed using an ensemble neural network for forecasting the
monthly inflow to the Daecheong multipurpose dam in Korea. In
addition to the combining, the ESP scenarios were adjusted using
correction methods, such as optimal linear and artificial neural
network correction methods. Among the tested combining methods,
sum of squared error _SSE_, a combining method using time-varying
weights, performed best with respect to the root mean square error.
When SSE was coupled with optimal linear correction _OLC_,
denotes/OLC, its bias became sufficiently close to zero. SSE/OLC also
considerably improved the probabilistic forecasting accuracy of the

existing ESP system.

» Lall(19995) discuss about an optimization model which is developed for
selecting between surface water reservoirs and ground-water
development. The model may be used to perform a preliminary
screening of alternatives for water-supply development, and to identify
storage capacities at reservoir sites, as well as aquifer pumping at
candidate locations. A hybrid simulation-optimization strategy is used
to consider monthly operation of the reservoir and aquifer system
using historical or synthetic hydrologic data. A modified sequent peak
algorithm is used for reservoir sizing, and a unit response matrix
approach is used to model the ground-water subsystem. A target
aggregate firm yield from the surface water-ground water system may
be specified. Decisions on the failure of firm yield at each reservoir site

during a critical period for stream flow, with a corresponding increase
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in ground-water pumping such that the system firm yield is
maintained are considered. Example applications with data from the
Jordan River basin in Utah demonstrate the utility of the model
relative to a disjunctive analysis of surface water-ground water

development.

» Barlow et.al.(2003) states about Conjunctive-management models
that couple numerical simulation with linear optimization were
developed to evaluate trade-offs between groundwater withdrawals
and stream flow depletions for alluvial-valley stream-aquifer systems
representative of those of the northeastern United States. A
conjunctive-management model developed for a hypothetical stream-
aquifer system was used to assess the effect of inters annual
hydrologic variability on minimum monthly stream flow requirements.
The conjunctive-management model was applied to the Hunt-
Annaquatucket Pettaquamscutt stream-aquifer system of central
Rhode Island. Results show that it is possible to increase the amount
of current withdrawal from the aquifer by as much as 50% by
modifying current withdrawal schedules, modifying the number and
configuration of wells in the supply-well network, or allowing
increased stream flow depletion in the Annaquatucket and
Pettaquamscutt rivers. Alternatively, it is possible to reduce current
rates of stream flow depletion in the Hunt River by as much as
35%during the summer, but such reductions would result in smaller

increases in groundwater withdrawals.

» Watkins and McKinney(1996) describe that Geographic information
systems (GISs) offer data management and spatial analysis
capabilities can be useful in ground-water modeling. Many regional
ground-water models require large, unwieldy datasets, and
calibrating them has traditionally been a trial-and-error, hit-or-miss
process. GIS provides automatic data collection, systematic model

parameter assignment, spatial statistics generation, and the visual
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display of model results, all of which can improve and facilitate
modeling. To utilize these abilities, however, GIS and ground-water
models must be able to communicate. Researchers and practitioners
have achieved this interface in three ways: (1) linking a GIS to a
ground-water model through data-transfer programs; (2) integrating a
model with a GIS database; and (3) embedding modeling capabilities
within a GIS. This paper emphasizes the usefulness of GIS in ground-
water modeling and evaluates these three methods of GIS-model
interfacing. Current needs are identified, and suggestions for future

work are made.

» Cosgrove and Johnson(2005) discuss that Conjunctive management of
surface and ground water requires an understanding of the degree to
which surface water resources will be impacted by aquifer stresses at
different locations. Response functions quantify the rate of depletion
or accretion of a surface-water body relative to a unit stress on an
aquifer under simplified, but often realistic, conditions. Response
functions for four reaches of the Snake River have been determined
for each cell of the eastern Snake River Plain aquifer model grid in
southern Idaho. Mapping the response functions for each reach
creates a visual image of how effects of aquifer stresses at different
locations are distributed among the four hydraulically connected river
reaches. The mapped distribution of response functions reflects
aquifer properties such as the distribution of aquifer transmissivity.
Cluster analysis of the response functions for each cell and each river
reach has proven useful for subdividing the aquifer into zones for the
conjunctive management of ground water and surface water. The
response function variance within each zone is minimized in this
procedure. In most situations, zone boundaries defined through
cluster analysis will likely be modified to better conform to existing
political and administrative units. The selection of the number of
zones, and the degree to which boundaries based on response

functions are modified, reflect a balance between the exactness
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provided by the science and administrative convenience and efficiency.
The approach of managing an aquifer through response function
based zones has gained initial acceptance in Idaho, as evidenced by
the citation of these zones in Idaho’s draft Water Management Rules.
How management zones based on response functions will ultimately
be used in Idaho water policy and procedures has not yet been

determined.

Marcela et.al(2001) describe that open-check dams are built in
mountain streams to control sediment transport during a flood.
Sediment passes through them at the lowest discharges, whereas
deposition occurs during the highest discharges. Open-check dams
are currently designed based mainly on construction experience.
Modeling of hydraulics and bed morphology in check dams involves
mixed flows (supercritical and subcritical) as well as discontinuities
such as hydraulic jumps. In this paper an unsteady coupled
numerical mobile-bed model that can tackle rapid varying flows and
discontinuities is applied. The numerical technique is based on the
classical staggered grids and implicit integration schemes, together
with a proper mass and momentum balance. The 1D numerical
models successfully verified with experimental data of slit-check
dams. The applicability of the model in the design of open-check dams

is also illustrated.

Michele Catella et.al.(2005) discuss that Slit-check dams are widely
employed in mountain river control. However an analysis of their
performance in the field is still lacking. In the present literature a
field verification to evaluate the interaction between solid discharge
regime and four slit-check dams built in two sub catchments of the
Versilia River in Tuscany, Italy is presented. The analysis is based on
a relatively detailed field knowledge consisting of hydrological,

topographical, and sedimentological data, together with a recent

26



2.2.

model proposed by Armanini and Larcher.Slit-check dam efficiency is
analyzed in terms of deposit formation during major floods and its
influence on long-term sediment transportregime. Results suggest
that the design efficiency is affected by the high sediment trapping
capacity associated with the relatively minor floods. A comparison
between the deposit geometry predicted by the theory and the field
measurements gathered during a systematic monitoring activity

shows good agreement.

Sate of the art study in regional perspective of groundwater
and surface water interaction

Singhall et.al. (2010) In their paper attempts to delineate aquifers in
the piedmont zone of Himalayan foothill region in Pathri Rao
watershed, district Haridwar, Uttarakhand, India by using integrated
hydrogeological and geophysical techniques. The geophysical
techniques included vertical resistivity soundings, two-dimensional
resistivity image profiling and electromagnetic surveys. Nuclear
isotope studies have been carried out to estimate groundwater
recharge and its relative age. An assessment of groundwater
availability and stage of groundwater development has also been made
from the available and generated field data. On the basis of the study,
it was found that the rate of recharge into the aquifers is of the order
of 19% and the stage of groundwater development in the watershed is
164% indicating critical over-exploitation of groundwater. Based on
the findings, possibilities of artificial recharge of groundwater have
been looked into in the study area for augmentation of groundwater
resources by proposing a few check dams at the suitable sites in the

upstream areas of the watershed.

Sahu and Sikdar (2010) discuss about the demand for groundwater
for drinking, agricultural, and industrial purposes has increased due

to rapid increase in population. Therefore, it is imperative to assess
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the groundwater potential of different areas, especially in a fragile
wetland ecosystem to select appropriate sites for developing well fields
to minimize adverse environmental impacts of groundwater
development. This study considers East Calcutta Wetlands a
freshwater peri-urban inland wetland ecosystem located at the lower
part of the deltaic alluvial plain of South Bengal Basin and east of
Kolkata city. This wetland is well known over the world for its resource
recovery systems developed by local people through ages, using
wastewater of the city. The subsurface geology is completely blanketed
by the Quaternary sediments comprising a succession of silty clay,
sand of various grades, and sand mixed with occasional gravels and
thin intercalations of silty clay. Groundwater occurs mostly under
confined condition except in those places where the top aquitard has
been obliterated due to scouring action of past channels. The

groundwater in the study area is being over-extracted at the

Jha et.al.(2004) suggested that Water-harvesting structures have the
potential to increase the productivity of arable lands by enhancing
crop yields and by reducing the risk of crop failure in arid and semi-
arid regions, where water shortages are common because of scanty
rainfall and its uneven distribution. In semi-arid regions of Rajasthan,
India, existing practice of harvesting rainwater is through anicut and
earthen embankments. Because of higher costs and higher technical
skills involved in the construction of these structures, these
structures have not been accepted by the resource-poor local people.
Therefore, in their paper, they done detailed design of some low-cost
water-harvesting structures using locally available materials and
adaptable to the socio-economic conditions of the beneficiaries is
discussed. Two types of cost-effective water-harvesting structures,
which include dry stone masonry and upstream-wall cement masonry
of heights 1, 2, and 2.5 m for catchments of less than 10, 10 to 20,
and 20 to 30 ha, respectively are proposed and designed. The analysis
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of costs involved in constructing dry stone masonry and upstream-
wall cement masonry water-harvesting structures, emergency
spillway, anicuts and earthen embankments revealed that the earthen
embankments have the least cost of construction whereas the anicuts
have the highest construction costs for all the selected heights.
However, based on the past experiences, earthen embankments are
not suitable for the semi-arid regions of Rajasthan. The economic
evaluation of the proposed structures indicated that the dry stone
masonry structures are very cost-effective for the region with a
benefit-cost ratio of 3.5:1 and the net present worth value of
Rs. 102978. Although the economic indicators ranked the upstream-
wall cement masonry structures lower than the dry stone masonry
structures, the former has greater stability and strength compared to
the latter. In practice, both the cost effective water harvesting
structures (i.e.,dry stone masonry and upstream-wall cement
masonry) are gaining wide acceptance and popularity in the region
through some nongovernmental organizations, which have adopted

the design presented in this paper.

Banerjee (2012) performed pumping tests in the Kangsabati River
bed in Purulia District of West Bengal to find the transmissivity and
strorativity of the aquifer system. With those results the Radial
Collector Well (RCW) is designed. As there is lack of rational method of
design, the RCW designed, often are found having a huge difference
between anticipated yield and observed yield. Thus, geo-physical
study using Vertical Electro Sounding (VES) and Bore logs were
performed to select the site for the pumping test and long-term
pumping tests were performed. The radial collector well was designed
for the site having excellent hydraulic parameters i.e large values of

transmissivity and storativity.

Hashemi (2013) in his paper presented an inverse modeling approach
to quantify the recharge contribution from both an ephemeral river
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channel and an introduced artificial recharge system based on
floodwater spreading in arid Iran. The study used the MODFLOW-
2000 to estimate recharge for both steady and unsteady-state
conditions. The model was calibrated and verified based on the
observed hydraulic head in observation wells and model precision,
uncertainty, and model sensitivity were analyzed in all modeling steps.
Uncertainty analysis revealed that the river channel recharge
estimation represents relatively more uncertainty in comparison to the

artificial recharge zones.

Ye and Du (2011) proposed that in the groundwater Artificial
Recharge (GAR) process, complex physical, chemical and water-rock
reactions will take place in the recharge water, native groundwater
and the aquifer matrix. It is difficult to forecast these complex
reactions by traditional research approaches. Groundwater
geochemical modelling of GAR supposes chemical equilibrium based
on injection water, native groundwater and aquifer matrix; the
modelled results may overestimate the environmental effects of water—
rock interactions. In fact, because of the slow reaction rate, the
storage duration of mixed water and the dissolution rate, the dissolved
quantity of minerals and other factors, some chemical reaction
processes may not actually be completed. If kinetic chemical reactions
could be considered, the accuracy of the model would undoubtedly
improve, but this would also cause a great increase in complexity and
uncertainty of the model, as many kinetic reactive processes are not

very clear and it is quite difficult to obtain kinetic parameters.

Daher et al. (2011) described Managed Aquifer Recharge (MAR) is an
emerging sustainable technique that has already generated successful
results and is expected to solve many water resource problems,
especially in semi-arid and arid zones although it may be difficult to
quantify the risks of a MAR system not meeting the project

expectations, as the performance of a MAR system depends
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considerably on the hydrogeologic conditions, sound characterization
before construction followed by testing through the deployment of a
pilot MAR system to validate the parameters of the study is essential
before deployment of a MAR system at full operational scale. The lack
of a rational approach to assess the recharge ability of a given karst
aquifer and identify the best locations for conducting MAR operations
has also certainly played an important role. Natural recharge is, to an
increasing extent, impaired by various types of land use. MAR is thus
no longer considered as a mere water storage technique but rather as
an integrated water resources management (IWRM) tool to be adopted
as a balancing process for safe and sustainable water resource

development, allocation and monitoring.

Kumar et al.(1995) described how the Hard-rock zones can be used
efficiently for recharging if proper planning of integration of
groundwater and surface water use is done. The difference in this case
is the methodology. In hard rock jones along with direct recharge
there should be some process to impound the surface water which will
further recharge the groundwater storage. The limited Indian research
on rainwater harvesting (RWH)/artificial recharge so far had focused
on the engineering performance of individual structures. One of the
reasons for little or lack of empirical research on the hydrological and
economic aspects of water harvesting systems is the lack of ability to
generate accurate scientific data on various parameters, mostly
hydraulic, hydrological and meteorological, governing the performance
and impact of water harvesting. The problem mainly stems from the
fact that these systems are very micro in nature, thereby making it
difficult to obtain data on the variables from conventional sources.
The analysis of water harvesting systems also misses the influence of

the ‘scale factor’.
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> Badiger et al. (2002) in their paper described how farming

communities in Rajasthan have found groundwater exploitation as a
security against drought in areas where irrigation with surface water
resources has been deficient or non-existent. Due to frequent dry
spells and unreliable surface water supply, farmers in Rajasthan have
discovered several means of maximizing subsurface storage and its
availability at times of need. In order to store water, they raised their
field boundaries to heights equalizing 1-2 m to tap the rainfall runoff
originating with their fields. The technology directly influences water
availability in the areas immediately surrounding the Nala. This stored
water infiltrates into the soil mantle and gradually percolates down to
recharge the groundwater, which is extracted using open wells and
tube wells.Paal systems are attractive low cost water harvesting
Structures well suited to semi-arid regions. The natural recharge by
rainfall during 2000-2001 is roughly 6.5 percent of annual rainfall
whereas the additional recharge induced by nalas is estimated to vary
between 3 to 8 percent of annual rainfall, depending on assumptions

made with regard to specific yield of encountered aquifer.

Jasrotia et al. (2009) described the importance of water balance
equation for implementation of Rain Water Harvesting System (RWHS)
using Remote Sensing and GIS techniques. After collection of different
satellite imagery, land use map, soli pattern map, slope area map,
drainage map all the maps were crossed. With the help of these maps
the water balance was calculated using Thornth waite and Mather’s
(TM) Model. The suitable site for rainwater harvesting was prepared by
integrating different thematic maps in the GIS environment. The
guideline accordingly to Integrated Mission for Sustainable
Development (IMSD) was applied over moderate runoff potential zones
which are suitable for rainwater harvesting sites and desirable

rainwater harvesting structures were delineated.
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> Rao et al. (2003) showed that geological and geo-hydrological studies
followed by geo-physical studies made easy to locate feasible
groundwater pockets like valley fills, weathered zones and fractured
zones, which in terms also made possible to demarcate soil pockets as
well as aquifer thickness. These pockets are identified by the apparent
values of resistivity. Lower values of apparent resistivity imply the
aquifer is saturated or there are some weathered pockets. Once the
zones are demarcated the structures may be constructed as per

morphological condition.

> Machiwal et al. (2003) said water harvesting structures have the
potential to increase the water table and thus the crop yields. But the
problem in some semi-arid zones and arid zones of India is the
availability of funding and skilled people in the village areas. So some
alternative low-cost recharge structures were installed, which were
invented by the local farmers. The structures were Dry-Stone masonry
(DSM) and Up-stream wall Cement Masonry (UCM). These structures
were not scientifically correct. After some modification these low-cost

structures produced good results.

> Busnelli et al. (2001) proposed check dams as one of the structural
measures for sediment control. They play an important role in the
management and development of a river basin. Modeling of hydraulics
and bed morphology in check dams involves mixed flows (supercritical
and subcritical) as well as discontinuities such as hydraulic jumps.
The experiment was done on an unsteady coupled numerical mobile-
bed model which can take rapidly varied flows. The 1-D numerical
model is successfully verified with experimental data of slit-check

dams. The model is quite applicable for design of check-dams.

> Batte et al. (2010) described that the most common in-situ tests for
calculation of real water supply and the indirect estimation of

hydraulic conductivity in a borehole are the pumping tests performed
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on wells which involve measurement of the rise and fall of water level
with respect to time. The water-level fluctuations with time are then
interpreted to arrive at aquifer parameters. They showed in this paper
how aquifer parameters vary with resistivity. The application of
surface resistivity provide valuable information for flow modeling and
recharge of groundwater, and to find suitable sites for groundwater
exploration before generalizing this approach, application of resistivity
and aerial photographic techniques for groundwater prospecting must
be taken into consideration to understand the groundwater potential
of the area to be studied in terms of lithologic units and fracture
traces. The good agreement between aquifer hydraulic conductivities
obtained from the resistivity soundings interpretation and those
deduced from pumping test analysis emphasizes the potential of the

method.

Scanlon et al. (2002) used some techniques for estimating recharge
which were subdivided into various types, on the basis of the three
hydrologic sources, or zones, from which the data are obtained,
namely surface water, unsaturated zone, and saturated zone. This
subdivision of techniques is somewhat arbitrary and is probably not
ideal. The different zones provide recharge estimates over varying
space and time scales. Within each zone, techniques are generally
classified into physical, tracer, or numerical modeling approaches.
The range of recharge rates for different techniques is based on
evaluation of the literature and general evaluation of uncertainties

and should be considered only approximate.

Noori and Ismaeel (2010) used a finite element method through a
computer program, named SEEP2D to determine the free surface
seepage line, the quantity of seepage through the dam, the pore water
pressure distribution, the total head measurements and the effect of
anisotropy of the core materials of Duhok zoned earth dam. The finite

element program (SEEP2D) can be used to analyze the homogeneous
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and non-homogeneous (zoned) earth dams. The Kx/Ky ratio has a
significant effect on the location of the free surface line. The free
surface is higher by increasing the ratio and it is lower by decreasing
the ratio. The quantity of seepage increases as the Kx/Ky ratio

increases, therefore, the loss of water through the dam increases.

Ahilan et al. (2010) identified aquifer zones by the Geophysical
Electrical Resistivity Survey method in part of Mangalore block,
Cuddalore District, Tamil Nadu, South India. As Electrical Resistivity
Survey method is useful to delineate the subsurface formations,
weathered zone, fracture pattern, etc. So, he made an attempt to
identify the subsurface lithology and aquifer zones by geo-electrical
resistivity method. The study area consist of charnockite and
charnockitic gneiss rocks. He conducted Resistivity profiling in a grid
pattern. The total study area of 100 Square km. had been divided into
square grids of 2.0 Sq.km and 6 resistivity profiles were conducted
with station interval of 2 Km by Schlumberger configuration using
Microprocessor based signal stacking digital resistivity meter SSR-MP-
AT-S of IGIS, Hyderabad, resistivity profiling with AB/2 10, 20, 30, 40
and 50 m have been carried out. VES had been conducted at 36
locations with AB/2 50 m, which had been qualitatively and
quantitatively interpreted using software packages. Pseudo-sections
had been generated by IPI 2 WIN ver.3.1 and is resistivity maps were
prepared. Geo-electrical parameter and sections had been prepared
based on quantitative interpretation. Considering the hydro-
meteorological and hydrogeological conditions the VES interpretation
was done. From the interpretation result, he marked VES no. 21

(Alambadi) was a prospective zone for groundwater exploration target.

Jha et al. (2008) carried out a study to assess groundwater condition
in the Salboni Block of West Midnapore district, West Bengal, India

using surface resistivity method during November 2004 to January
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2005. Vertical electrical sounding (VES) surveys were carried out at 38
sites using the Schlumberger array by the Signal Stacking Resistivity
Meter (Model: SSR-MP-AT) manufactured by the Integrated Geo
Instruments and Services Pvt. Ltd., Hyderabad, Andhra Pradesh, India
with maximum current electrode spacing used in the study was about
400 m. The apparent resistivity-depth datasets (henceforth called ‘VES
data’) thus obtained was interpreted by the genetic algorithm (GA)
optimization technique. He developed GA-based stand-alone computer
program for optimizing subsurface layer parameters (true resistivity
and thickness) from the VES data. The optimal layer parameters were
then correlated with the available well logs to identify aquifer and
confining layers. Moreover, he created groundwater potential map by
integrating the thematic layers of aquifer resistivity and thickness in a
GIS environment. He also explored the spatial variation of layer
resistivity at a particular depth, resistivity contour maps of the study
area for different depths using ArcView software. The GA technique
yielded layer parameters with reasonably low values of root mean
square error (0.36-9.75 Q m) for most VES datasets. He found that
shallow aquifers existed at depths ranging from 4 to 19 m and

relatively deep aquifers from 24 to 60 m below the ground surface.

Bouwer (2010) said that Factors affecting the availability of water
resources include increasing demands for water while water resources
remain finite; potential climate changes; lack of availability of good
dam sites for surface storage; and increasing difficulty of building
dams because of social, environmental, costs, and other objections.
Also, dams are not effective for long-term storage of water because of
evaporation losses. Artificial recharge, resulting in conjunctive use of
surface water and groundwater and long-term underground storage or
water banking, is preferred where possible. Artificial recharge also
plays an important role inwater reuse, because it gives quality benefits
(soil-aquifer treatment) and storage opportunities to absorb seasonal
differences between supply and demand for reclaimed sewage effluent.
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Where sewage effluent is used for potable purposes, recharge and
recovery breaks the objectionable toilet-to-tap connection of water

reuse and enables blending with natural groundwater.

Singh et al. (2009) cited that water harvesting structures are
extremely important to conserve precious natural resources like, soil
and water, which is depleting day by day at alarming rate. The good
cultivable areas are being converted into waste and degraded lands
due to over exploitation of land and water resources. In this paper
they managed to plan the sites for water harvesting structures like
check dam and percolation tank using the emerging techniques of
Remote Sensing (RS) and Geographic Informatics System (GIS). They
did not select the sites for nala bunding and farm ponds in that area
due to steep slope, less soil thickness and high runoff velocity. The
water balance study for the study area was calculated using

Thronthwaite- Mather’s Model (TM).
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CHAPTER 3
DESCRIPTION OF THE STUDY AREA
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3. Description of the study area
3.0. General Description

Jaina Bhagavati-Sutra of circa 5th century A.D. mentionaed that Purulia
was one of the 16 Mahajanapadas and was a part of the country known as
Vajra-bhumi in ancient times. However, little is known about Purulia before
the East-India Company obtained the 'Diwani' of Bengal, Bihar, Orissa in
1765. By Regulation XVIIII of 1805, a Jungle Mahals district composed of 23
parganas and mahals including the present Purulia (known as 'Purulia’
those days) was formed. By Regulation XIII of 1833 the Jungle Mahals
district was broken up and a new district called Manbhum was constituted
with headquarters at Manbazar. The district was very large in size and
included parts of Bankura, Burdwan of present West Bengal and Dhanbad,
Dhalbhum, Saraikela and Kharswan of present states of Jharkhand and
Orissa. In 1838 the district headquarters was transferred to Purulia of
today. Since the formation of the district it was withdrawn from regular
administration and placed under an officer called Principal Assistant to the
agent to the Governor-General for South-Western Frontier. Finally in 1956
Manbhum district was partitioned between Bihar and West Bengal under
the States Reorganization Act and the Bihar and West Bengal (Transfer of
Territories) Act 1956 and the present district Purulia was born on 1st
November, 1956. Purulia is the westernmost district of West Bengal with all-
India significance because of its tropical location, its shape as well as
function like a funnel. It funnels not only the tropical monsoon current from
the Bay to the subtropical parts of north-west India, but also acts as a
gateway between the developed industrial belts of West Bengal and the
hinterlands in Orissa, Jharkhand, Madhya Pradesh and Uttarpradesh. For
its convenient location, this place has acquired an important place in the

tourist map in India.
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3.1. Social profile of study area

Purulia district is one of the most populated districts of the Adivasi
(Scheduled Tribe) and backward class community in the Western region of
West Bengal. As per 2001census total population of the district is 2535516,
out of which 89.93 % are residing in rural areas and 10.07% are in urban
areas. About 51.18 % of the populations are males and 48.82% are female.
The percentage of Scheduled Caste and Scheduled Tribes are 18.29% and
18.27%. Total no of BPL families in rural areas of this district are 197381
(43.65 %). Out of which SC families are 40645 (20.5%) and ST families are
47666 (24.15 %). Total no. of BPL families in Purulia and Jhalda
Municipality are 2573 (11.31 %) and 571(15.98 %) respectively . These
tribes are concentrated in different parts of the district. A long-term bottom-
up approach is visualized for the development of cost effective technology for
recharging in over exploited ground water resources at Ghutlia. It is
expected to generate the conditions and provide lessons for follow-up in the
region in other villages. In order to have a holistic documentation of the
project implementation process at Ghutlia, it was decided to conduct a
baseline survey for evaluation of project benefits to the inhabitants of
Ghutlia in the long-run. For the same purpose, semi-structured
questionnaires have been administered among all the villagers along with
Focused Group Discussions and personal interviews with key informants.
The data analysis of this survey delineates the social and economic
background of Ghutlia, and provides a careful examination of strengths and
vulnerabilities associated with this particular intervention. The following
sections describe the major findings of the survey in relevant categories. A
striking feature of the OBC community in Ghutlia hamlet is the relatively
high status of the women. The demographic features of Ghutlia show some
interesting trends. For instance, the number of children in the age group of
O to 12 years is higher in comparison to adults in Ghutlia. Children
constitute 29 per cent of the total population of Ghutlia followed by the
working population in the age groups 31-45 (22%) and 46-60 (12%) Figure
3.1.
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m0-6 Male
m7 -12Male

m 13-18 Male
m 19-30Male
m31-45Male
m45-60Male
m61-75Male
m Abov75Male

Figure 3.1: Age wise distribution of population in study area

The status of education in the village is still below the satisfactory level.
Only 21 percent of the total population is educated, of which secondary
levels consist almost 19 per cent higher secondary consist 3 %, graduation
consist 2%. In absolute numbers 140 persons out of a total of 448 persons

are completing secondary education depicted in below Figure 3.2.

u Below
matriculation
B Matriculation

“HS

® Graduation

Figure 3.2 : Indicates education level in study area

Ghutlia community suffers from a high degree of economic deprivation.
Single season subsistence agriculture is the norm, with the second season
being taken up by migration to brick-kilns and other sorts of daily wage
work. This is despite the fact that the region receives plentiful rainfall in the
monsoon. Unfortunately, the absence of rainwater harvesting methods

means that rainwater goes waste and water sources dry up by January
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February. Lohar are landless community and depend upon laboring in the
farms of land owner tribal as well as those of non-tribals in nearby villages.
Most of the households in Ghutlia do not own any piece of fertile cultivable
land. In other words, 15 per cent of households in the village are landless
which indicates the existence of high level of poverty in the village (See
Figure 3.3 and Figure 3.4). The households having land are basically owner-
cultivators most being marginal peasants. The marginal farmers constitute
39per cent of the farming community having cultivable land less than 3
bigha per household. It can be said that the distribution of land in is well
distributed but the possession of less than 3 bigha does not assure
diversified agriculture in the village to serve as a potential source of
livelihood. In the absence of alternative employment opportunities,
especially non- farm activities, it shows the existence of structural

vulnerabilities in the social and economic systems.

= 0-3 bigha

m 3-8 bigha
Enon
8-12bigha cultivable
m cultivable
more tha 12
bigha

m Landless

Figure 3.3 : Distribution of cultivable Figure 3.4 : Distribution of land in
Land study area

Ghutlia is characterized by the greater dependence of inhabitants on
agriculture for their livelihood. The total income of most of the households
varies around Rs.6000 per annum with a few families having higher income
in the range of Rs.12000 to Rs.24000 per annum. Another few family have
income more than Rs 100000 per annum despite marginal land holdings
cultivation has been the primary source of livelihood for the people in

Ghutlia. Even though agriculture is rain-fed and subsistence in nature, it
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provides the staple diet to the villagers. Mostly, people cultivate paddy and
branzyl as main crops. Besides cultivation, daily labour is the only source of
income for the villagers. Only one person is found employed in government
service. The annual income of the households in Ghutlia from different
sources is given in Figure 3.5. In the village 59% of women are doing only

house hold work 0.39% is also engaged with self help group.
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Figure 3.5 : Distribution of households in different income Groups
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hel group
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Figure 3.6 : Women activity in study area

Health Condition

Health condition and attainment in the community is low. This is linked to
the poverty levels in the area. The diet typically comprises rice, yellow dal
and vegetables like bottle gourd or brinjal. There is a deficiency of proteins

and carbohydrates, which is manifested in the form of Protein Energy
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Malnutrition (PEM). Thus, the incidence of marasmus and kwashiorkor is
common. Poor health is also reflected in low educational attainment,
something discernible among the older generation in the community. Water
scarcity also leads to skin diseases, with scabies as one of the most common
problems, apart from abdominal pains, and respiratory-track infections. The
village population places considerable faith in the traditional healer, the
ojha. The Ojha’s knowledge is not to be belittled but it is to be accepted that
he is unlikely to have superhuman curative powers, or that illnesses are
attributable to spirits that have crept into one’s body. The trend of seeking
Ojha’shelp has been declining but is still prevalent in Ghutlia people prefer
to go to doctors in nearby village and towns (Kashipur). A third reason for
poor health rests in the relative inaccessibility of health services. Private
medical services are generally clustered around towns. Primary Health
Centers (PHCs) and their sub-centers may be better accessed but only
relatively. These tend to be poorly equipped and bribes are charged for
injections. Inaccessibility implies travel, which adds on to the cost of health
care. They are mainly depended on Kashipur block Hospital. Due to using
without purified water 51% of house hold affecting from water born decease

like jaundice, diarrhea, etc. shown in Figure 3.18.

B Jaundice
m Diarrhea
Other problem

mnot effected

Figure 3.7 : Effects of waterborne disease in study area
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3.2. River profile of study area

3.1.1. Kangsabati Rive and it’s catchment Area

The Kangsabati river system (also variously known as the Kasai and Cossye)
rises from the Chhotanagpur Plateau in the State of Jharkhand, India and
passes through the district of Purulia, Bankura and Paschim Medinipur in
West Bengal before draining in the Bay of Bengal. The Kangsabati project is
a major irrigation scheme located in the western part of state of West
Bengal, India. The study area is located between latitudes 22°15" and
22°30'N and longitudes 87°15" and 87°22'E. The river Kangsabati and its

main tributaries originate from the Chhotanagpur hills.

Land Use Pattern and Contour of the of the Kangsabati catchment Area
The land use map has been prepared based on satellite imageries.

Figure 3.8 depicts the classification of land use pattern of Kangsabati
catchment and the classification scale is highlighted by different colors. This

map has been validated based on the collected GPS data. All the blocks

under study are shown.
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Figure 3.8 : Land Use Map of the Study Area

The contour map has been prepared by SURFER and GIS software based on
Satellite imageries as well as GPS data. The GPS locations have been
demarcated by red and green colour as shown in Figure 3.9. From the
confluence point of Bandu, a tributary of Kangsabati river further upstream

of both Bandu and Kangsabati river have been brought under study.
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Figure 3.9 : Contour Map of the Study Area

3.1.2. Description of Damodar River catchment area
The Damodar river basin, which lies between the latitudes 23.5 N and 24.32

N and longitudes 85.516 E and 87.35 E, was selected due to its widely
varied land type, variable elevations and ground cover. The river originates

from the Palamu Hills of Chhota Nagpur at an elevation of about 610 m
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above mean sea level. The river flows in a south easterly direction and enters
the deltaic plains below Raniganj in Burdwan district of West Bengal, India.
Near Burdwan the river abruptly changes its course to southerly direction
and joins the Hugli river about 48 km below Kolkata. The slope of the river
bed during the first 241 km is about 1.89 m per km and in the next 161 km
it is about 0.57 m per km which is a 3.31 times reduction than the initial
slope, while the subsequent 145 km has a slope of 0.19 m per km. Details of
soil condition is given below. The land use of the selected catchment was a
mixture of arable, deciduous Forest (F) and non-agricultural land. The
adjacent lands of Tilaiya reservoir were dominated by deciduous forest but

the major portion of land in Konar and Panchet was used for cultivation.

Soil Condition, Land use and Contour of Damodar catchment area

The basin has six types of soils. At present alluvium soil has been brought
under the plough so that apart from water intensive plants in the marshes,
no trace of the original vegetation remains. Open Sal forest thrive mainly on
Lateritic soil, and dense Sal forests on red and yellow loams, in the upper
valley region. The types of soil are highlighted by different colours mentioned
in Figure 3.10. The contour map has been prepared by SURFER and GIS
software based on Satellite imageries as well as GPS data. The GPS locations

have been demarcated by as shown in Figure 3.11.
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Figure 3.11 : Contour Map of the Study area of Damodar river
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3.1.3. Darokeswar and Futiary Catchment Area

Pedology

The study area comprises of sandy to loamy soil with red coloration due to
high iron content. However, the soils have good porosity and permeability

hows in Figure 3.12 below.

Geomorphology

Geo-morphologically of the study area represents moderately undulating
terrain which has a general slope towards East-Northeast direction Figure
3.13 Figure 3.13. The area is drained by the river Dwarekeswar and its
tributary locally known as Futiary jhor (stream). Both the rivers are

perennial, although the flow in the rivers declines in summer.
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Figure 3.13 : Geomorphology of the study area

Drainage pattern

In Darokeswar and Futiary catchment drainage pattern is funnel/palmate
shaped sub watershed with dendratic drainage pattern Figure 3.14. In the

Village drainage is imperfect to moderately well.
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Figure 3.14 : Geomorphology of the study area
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Geology and Hydrogeology

Geologically the study area is underlain by granite gneiss and quartzite. The
depth of weathering which is an important factor to locate the areas for good
groundwater recharge, is more in case of the former while the latter is less
weathered. The northern part of the area falling along the course of
Dwarekeswar river is underlain by quartzite while granitic rocks are
available in the sub-surface along the catchment of Futiary stream Figure
3.15. Depth to water level as observed from the wells varies from 7.5 to 11.0
m below ground level during pre-monsoon 4.8-7.5 m below ground level
during post-monsoon. Although the weathered zone is having good
proportion of sandy residue with relatively high porosity and permeability,
moderate to high slope of the country facilitates quick recession of
groundwater during lean period. Hence, the wells located in higher
topography become dry during summer. As the rivers are mostly gaining in
nature, if groundwater recharge activities are increased in the upper
catchment along the river, the same would regularly enrich the base flow of
the rivers consequently the rivers become more perennial. All these scientific
observations and knowledge are utilized during framing the model of

conservation and recharge in the area.
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Figure 3.15 : Geology of the study area
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Land-use pattern

Most of the village in Simla-Dhanera GP do not own any piece of fertile
cultivable land. In this GP 56% of land is cultivable,6% is Forest Land ,20%
irrigable land,19% use for other uses and 17% is cultivable waste land.

Distribution of land is showed in Figure 3.16 and Figure 3.17.

6%

M@ Forest land

M@ cultivable
land

Oirrigated land

Figure 3.16 : Land distribution of Ghutlia Village.
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Figure 3.17 : Land Use pattern Map of the study area
3.1.4. Drinking Water

The water sources in the village are not perennial except for one tube well
and 3 wells for drinking water. Basically villagers dependent on two river
Darokeshawar and Futiary for drinking purpose which is not well treated
water. Half of the villagers taking water from Futiary and half from

Darokeswar. The daily water requirements in different seasons are given
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inFigure 3.18. As per the opinion of 93 households, less than 5 Harri (One
Harri is approximately equivalent to 4-6 liters) of water are required in rainy
season (June-September) whereas in summer 14 to 15 Hari of water are
necessary for daily consumption. The village women and children travel 1
kilometer a day during June to January for fetching water from river. The
situation is worse in winter and summer seasons (during February to May).
On an average they cover 4 km to and fro to fetch water for daily domestic
requirements. Men do not participate in rainy season for fetching water;
however, a thin participation is there during the months of February and
May. It is obvious from Figure 3.18 that the water requirement is very high
during February to May. It reveals that the cost of collecting water in terms
of time and energy is pretty high as compared to other villages. Therefore,
necessary interventions from government and other development agencies
are necessary to minimize the drudgery associated with the daily lives of the
people in Ghutlia. There are some effort are shown by local panchyate
samity they have dug few wells modified few ponds in village but that are

not sufficient and appropriate for drinking purpose.
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Figure 3.18 : Daily water requirement per household in different season
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3.3. Description of existing water harvesting structure like
Pond/Bundh

There are ten ponds in a Ghutlia village use as alternative source for
drinking water and house hold activates. Water levels of are fluctuating in
different season in summer season most of pond are dried up maximum
water depth found was 1.526 m. In monsoon water level were increased and

maximum depth found 5.48 m and in winter maximum water depth found

in pond was 3.04 m. The detail description of the ponds and area were given
in Table 3.1.

Photo 3.1: Water scare condition of Photo 3.2 : Water level of well in
pond in study area study area
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Table 3.1 : Description of existing water harvesting structure like
Pond /Bundh
Sl1 Name of the Location Elevation Water Water Water Area
No pond (m) Level Level Level of
In In In the
Latitude Longitude Summer | Monsoon | Winter Pond
(m) (bgl) (bgl) (bgl)
(m) (m) (m2)
1. Mahanto 23°24°.455” | 86°37°.536” 261 DRY 1.524 0.914 | 1145.91
Garia
2. Kandan 23°24°.455” | 86°37°.536” 260 DRY 0.914 0.3048 | 107311
Garia
3. Master 23°24°.353” | 86°37°.381” 252 DRY 1.524 0.609 2549
Bandh
Mahato oM A> » 0mrrs »
4. 23°24°.354 86°37°.379 181 DRY 1.524 0.609 3712.7
Bandh
5. Thalaur 23°24°.358” 86°37°.436” 182 DRY 1.219 0.609 21187.9
Bandh 7
6 Banser bandh 23°24°.796” 86°37°.244” 208 1.374 3.048 3.048 13351
7 Sonar bandh 23°24°.182” 86°37°.749” 183 1.524 3.96 3.35 13351
8 Gobordhan 23°24°.270” | 86°37.611” 178 0.304 3.65 2.43 10760
Garia
Bania
9 Garia 23°24°.349” 86°37°.643” 173 1.526 5.48 3.04 890.
10. ’1;?:1:?;1 23°24°.39” 86°37°.363” 175 0.609 2.43 1.524 8903.4

3.4. Water Resources of study area and Problems of Water
Scarcity

Kashipur (block) of Purulia district in West Bengal is known for tourist
destinations as well as natural beauty. Many of the non-tribal hamlets
located in the area face the problem of shortage of drinking water, Ghutlia is

one of them. The water shortage in the village has led to various socio-
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economic problems related to villager daily life. For water villagers are
depended upon two rivers Darokeshar and its tributary Futiary; which
becomes dried up just after monsoon before implementation of the project.

Depicted in Photo 3.3,Photo 3.4 and Photo 3.5 .

e The lack of water availability in the region during pre and post —
monsoon, has resulted in the acute shortage of drinking water in the
village.

e The lack of drinking water has resulted in increased burden on
women in the dry seasons; They have to walk for 1 to 2 Km daily to
fetch drinking water. The parents usually engage their daughter’s in
the water fetching work, instead of study to school.

e The lack of clean drinking water also resulted in the spread of various
waterborne diseases among the villagers like jaundice, dehydration
etc. Due to non-availability of primary health care facilities in the
village, the patients have to suffer a lot and have to bear heavy
medical expenses in treating themselves.

e The lack of water availability also resulted in low agriculture
production due to no availability of water for irrigation purposes.

e Shortage of water also resulted in various changes in the social
condition of the village. The people from outside villages are generally
reluctant to establish martial relationship with daughter in the village.
They felt that if they send their daughter to the village through
marriage then her entire life would be devoted to the task of fetching
the water.

e The low agricultural production and poverty in the village has forced
the villagers to take money on high interest rate from outside people
and become indebted. The increased indebtedness resulted in

increased psychological and poor health status of the villagers.
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Photo 3.3 : Village women collecting drinking water by digging
small ditch in river bed

Photo 3.4: Source of drinking water Photo 3.5 : Village women’s carrying
from dry river bed water from 3-4 km
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CHAPTER-4
METHODOLOGY
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4. Methodology

Literature (National and International level) has been reviewed for last thirty
years. All historical data with related maps are collected from different Govt.
organization reconance survey with primary data has been surveyed from
field site with different time period. Socio-economic survey has been carried
out through Participatory Rural Appraisal (PRA) technique based on
questionnaires. All collected data is analyzed and tools with different
software models are developed based on design parameters through
optimization technique with output results are satisfied based with multi
criteria decision technique. Finally, concluding remarks are highlights in
terms of optimum cost-benefit outcomes and good numbers of

recommendations are also described in this thesis.

4.1. Methodology step

Pictorial view stated in Figure 4.lis describing all points raised to
understand the entire algorithm. Six main headings with different inputs
have been considered for calibrating, simulating and validating the total
research work to optimum the cost-effective technology of said model with

social acceptability.

Books
i —— m Predesigned
. ices D .
Local authorities [::> <:: Field Survey And
e otiodia Data collection PRA
Personal Interviews
Application GIS( ERDAS)
Surfer 8.0, SEEP-W, Q-GIS
<::[ Modflow GMS 6.0
Data Analysis ,SPSS18.0, HEC-HMS

‘ Field structure construction

and Numerical Ground Water
Model Analysis

> Model K

Development

Output And
Result Analysis

Conclusion &
Recommendation

Figure 4.1: Description of the overall research methodology
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4.2.

Pre-Design survey and data collection, and PRA technique

Data collection and field survey was done in following stages

Simla-Dhanera Gram Panchayat, Kashipur Block Purulia District, was
selected through household baseline survey based on questionnaires,
focused group discussion and village personal with interviews of
individual community. PRA exercises also done in each and every
hamlet followed by net planning along with families and focused

discussion with SHG member.

PRA (Participatory Rural Appraisal) techniques can be used in any
situation, urban or rural, with both literate and illiterate people. PRA
is intended to enable local communities to conduct their own analysis
and to plan and take action PRA involves learning together with
villagers about the village. The aim of PRA is to help strengthen the
capacity of villagers to plan, make decisions, and to take action
towards improving their own situation. Participatory Rural Appraisal
(PRA) is considered one of the popular and effective approaches to
gather information in rural areas. This approach was developed in
early 1990s with considerable shift in paradigm from top-down to
bottom-up approach, and from blueprint to the learning process. In
fact, it is a shift from extractive survey questionnaires to experience
sharing by local people. PRA is based on village experiences where
communities effectively manage their natural resources. PRA is a
methodology of learning rural life and their environment from the
rural people. It requires researchers / field workers to act as
facilitators to help local people conduct their own analysis, plan and
take action accordingly. It is based on the principle that local people
are creative and capable and can do their own investigations, analysis,
and planning. The basic concept of PRA is to learn from rural people.

By definition PRA is an approach and methods for learning about
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rural life and conditions from, with and by rural people. It is further
stated that PRA extends into analysis, planning and action. PRA
closely involve villagers and local officials in the process. Similarly,
Rapid Rural Appraisal (RRA) reflects the new thinking about
development, needs, and people oriented responsibilities. It is a
process that is highly systematic and structured, relying on
interdisciplinary teamwork and special strategies for data collection
and analysis such as triangulation, probing, and iteration. Some
critics consider RRA to be a quick and dirty technique. In the present

study PRA technique is adopted for demand analysis and site

suitability studies.

Photo 4.1: Discussion with villager Photo 4.2 : Community dialogue with
villager

e Topo-sheets (nos 73E/14, E/15 and E/16) were collected from survey
of India, Govt of India. Watershed map which includes contour lines,
drainage boundary, slopes, land-use pattern, soil cover, existing
hydrology and hydrogeologcal condition based on secondary data and
the same maps were geo-referenced using GPS (Global Positioning
System). Vertical Electrical Resistivity (VES) was used to find out the
soil profile and depth of water tables/peizometer and it was validated
with known litholog data collected from Gram- Panchayat office depth
of existing tube wells, are measured using water level indicator and

also per capita drinking water was quantified.
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Photo 4.3 : GPS reading measurement Photo 4.4: Measurement of well depth
of well

e Secondary data related to the thesis work, collected from Agricultural
Department Government West Bengal. Hydro-meteological data from
concerned division of Indian Meteorological Department(IMD). And

Industry DVC. Local Got. bodies

4.3. Model development

Numerical groundwater modelling is a process in which computer
programmes (model codes) are used to solve the equations controlling
groundwater flow to determine groundwater levels (also referred to as
aquifer heads or potentials) at all points in an aquifer system. The process
begins by representing the aquifers and aquitards in the subsurface as a
series of interconnected blocks. Values are assigned to represent the
hydrogeological properties of each block. Initial estimates for the values may
be obtained from subsurface borehole information and aquifer testing data.
These estimates are usually refined in the process of model calibration. By
using many small blocks, or cells, an accurate representation of the
variation in aquifer and aquitard geometry and property values has been

constructed to develop the model.
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4.3.1. Conceptual model

The conceptual model has been developed from the lithological logs and
pumping test data represented by Groundwater Modelling System (GMS 6.0)
software for each pumping site. Seasonal variations of stream flow can lead
to change of groundwater flow fields in an aquifer-stream water system. For
assessing spatial and temporal variations of flow fields due to the seasonal
variations of stream flow, a hypothetical aquifer-stream water interaction
system has been modelled using GMS software (Groundwater Modelling
System) for each pumping sites. GMS software is one of the most
sophisticated groundwater modelling environment software available today.
The GMS software is a comprehensive package which provides tools for
every phase of a groundwater simulation including site characterization,
model development, post processing, calibration, and visualization. GMS is
the only system which supports TINs, solids, borehole data, 2D and 3D geo
statistics, and both finite element and finite difference models in 2D and 3D
environment. It supports many other models within a single environment.
Due to the modular nature of GMS, a custom version of GMS with desired
modules and interfaces can be configured. Unlike other models, this
software combines the functionalities of different groundwater models and
the powerful GIS (Geographic Information Systems) interface. The aquifer-
stream water interaction system depends on several factors, namely,
location, geometry, elevation and physical setting and other inherent
properties. This involves use of large database, which can be easily handled

using the GIS functionalities available within GMS.
Component of Conceptual model

Here an attempt is made to model the effect of stream flow on groundwater
flow fields by using of MODFLOW simulation in GMS 6.0. Two approaches
can be used to construct a MODFLOW simulation in GMS: the grid
approach or the conceptual model approach. The grid approach involves
working directly with the 3D grid and applying sources/sinks and other

model parameters on a cell-by-cell basis. The conceptual model approach
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involves using the GIS tools in the Map module to develop a conceptual
model of the site being modelled. The location of sources/sinks, layer
parameters such as hydraulic conductivity, model boundaries, and all other
data necessary for the simulation can be defined at the conceptual model
level. Once this model is complete, the grid is generated and the conceptual
model is converted to the grid model and all of the cell-by-cell assignments
are performed automatically. MODFLOW is a finite-difference method model
written in FORTRAN by the United States Geologic Survey. MODFLOW
solves a series of finite difference equations in as many as iterations it
requires to converge to a desired solution, which is simplified through
graphical user interface (GUI). GIS and MODFLOW would be beneficial in
furthering our knowledge of surface/subsurface interactions and our
accuracy in analysing and predicting these two systems. Geographically
referenced layers of data manipulation when linked with MODFLOW give
better result than when only MODFLOW is used. The following objectives
were envisaged for the modelling:

[. To generate and study the pattern in the variations of hydraulic heads

in the groundwater system due to change in river stage.
I[I. To find out flux (flow rate) through the rivers and flux through
recharge polygon.

III. To find out the flux for a set of selected cells.

The governing partial differential equation used in MODFLOW is:

%[Kxx%] +%[Kyy%] +%[KZZ%] AW =SgZeoeoeeeeeaa, 4.1

Where,

Ky, Kyy and K, are the values of hydraulic conductivity along the x, y,

and z coordinate axes (L/T)

h is the potentiometric head (L) ,W is a volumetric flux per unit volume
representing sources and/or sinks of water, where negative values are
extractions, and positive values are injections (T-1),Ss is the specific
storage of the porous material (L-1) and, tis time (T).The right hand side

of the above equation reduces to zero for steady-state flow (flow remains
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constant with respect to time).Required modules or interfaces to model
MODFLOW are accordingly Grid, geostatic map,MODFLOW. Flow chart
Figure 4.2 used for the modeling of MODFLOW conceptual model is as

follows.
Import Input 2D Geostatic
Background Data (terrain
image elevation and bottom

Define the Define the boundary
specified head and source sinks
s coverage

£=

Figure 4.2 : Flow chart for modeling the effect of stream flow by GMS 6.0.
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Output of Conceptual model

e Output of the MODFLOW conceptual model simulation shows the
hydraulic head fluctuation around the well fields for each pumping
site individually.

e The model output actually estimates the flow rate under steady state
condition in groundwater system through balancing recharge and

discharge for the entire zone.

4.3.2. Process Based model

The US Army Corps of Engineers (USACE) Hydrologic Engineering Center
(HEC) has long been recognized as one of the most respected centers for
hydraulic modelling software in the water resources community. In the mid
1960’s, the HEC began development of models that soon became the water
surface profile program HEC-2. For nearly 30 years,HEC-2 was probably the
most widely used and accepted program worldwide for determination of
water surface elevations. In 1993, the HEC introduced HEC-RAS(River
Analysis System), the first version of their Windows based software for water
surface profile calculation. The current version of HEC-RAS can be obtained
from HEC’s website. The IDNR encourages the use of HEC-RAS for
regulatory and flood plain management purposes within India. The HEC-
RAS steady state model uses the standard step-backwater method for
calculation of water surface profiles. The HEC-RAS manual, along with
many basic hydraulic engineering texts, describes this computational

methodology.

Component of HEC-RAS
a) Graphical User Interface (GUI): HEC-RAS is an integrated system of

software, designed for interactive use in a multi-tasking environment. The
system is comprised of a graphical user interface (GUI), separate hydraulic
analysis components, data storage and management capabilities, graphics
and reporting facilities.
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b) Analyze river components: The HEC-RAS system will ultimately contain
three one-dimensional hydraulic analysis components for: (1) steady flow
water surface profile computations, (2) unsteady flow simulation, and (3)
movable boundary sediment transport computations. A key element is that
all three components will use a common geometric data representation and
common geometric and hydraulic computation routines. In addition to the
three hydraulic analysis components, the system contains several hydraulic
design features that can be invoked once the basic water surface profiles are
computed.

c) Data storage and management: Data storage is accomplished through
the use of “flat” files as well as the HEC-DSS. User input data are stored in
flats files under separate categories of project, plan, geometry, steady flow,
unsteady flow, quasi-steady flow, sediment data, and water quality
information. Output data is predominantly stored in separate binary files.
Data can be transferred between HEC-RAS and other programs by utilizing
the HEC-DSS.Data management is accomplished through the user interface.
The modeler is requested to enter a single filename for the project being
developed. Once the project filename is entered, all other files are
automatically created and named by the interface as needed. The interface
provides for renaming, moving, and deletion of files on a project-by-project
basis.

d) Graphics and reporting: Graphics include X-Y plots of the river system
schematic, cross-sections, rating curves, hydrographs, and inundation
mapping. A three-dimensional plot of multiple cross sections is also
provided. Tabular output is available. Users can select from pre-defined
tables or develop their own customized tables. All graphical and tabular
output can be displayed on the screen, sent directly to a printer, or passed
through the Windows clipboard to other software, such as a word- processor
or spreadsheet. Reporting facilities allow for printed output of input data as
well as output data. Reports can be customized as to the amount and type

of information desired.
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Program capabilities and applications of HEC-RAS

1. Steady flow water surface profiles:

This component of the modeling system is intended for calculating water
surface profiles for steady gradually varied flow.

2. Unsteady flow simulation:

This component of the HEC-RAS modeling system is capable of simulating
one-dimensional unsteady flow network of open channels. The hydraulic
calculations for cross-sections, bridges, culverts, and other hydraulic
structures that were developed for the steady flow component were

incorporated into the unsteady flow module.

Boundary condition of HEC-RAS:

This component of the modeling system is intended for the simulation of
one-dimensional sediment transport/movable boundary calculations
resulting from scour and deposition over moderate time periods (typically
years, although applications to single flood events are possible. Following
aspects can also utilize as boundary parameters.

e Water quality analysis (temperature, algae, DO, BOD, etc.)

e Inline Structures (dams, weirs and gated spillways), bridge/culvert

modeling:

e Flood Management (floodplain encroachment, flood insurance
Studies)

e Sediment transport and management

e Flow variance

COMPUTATIONAL PROCEDURES

Steady Gradually Varied Flow water surface profile calculations. Basic
Equations called energy equation Figure 4.3 and energy loss described in
Figure 4.5, Conveyance calculation from Manning’s equation described in

pictorial views in Figure 4.4.
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e 1D Energy Equation:

Y2

Channel Bottom
Y

Z3
-
v Datum

Figure 4.3 : 1D Energy Equation
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Where: Z1, Zo =elevation of the main channel inverts

Y1, Yo= depth of water at cross sections

V1, Vo= average velocities (total discharge/ total flow area)
a, a,= velocity weighing coefficients

G = gravitational acceleration

he= energy head loss

e Conveyance calculation from Manning equation

M1 Nz Meh Nz

Kioe = K1 + K2z

Kch

Figure 4.4 : Conveyance calculation from Manning equation




Q = Flow

n = Manning’s coefficient
A= Cross sectional area
Ry= Hydraulic radius

St= Fictional force

K= conveyance
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Figure 4.5 : Energy loss, he

e Energy loss, he

he= Lgf + C[7 29

Where: L = reach length

A = cross sectional area

C= Contraction / Expansion coefficient
a = Velocity weighing coefficients

Sy = friction slope

he = head loss

g =gravity

V =flow velocity

The 1D Saint Venant equations is commonly used for open channel flow and
surface runoff. It can be derived from the Navier stokes equation for one

dimensional flow that describe the motion. The 1D Saint Venant Equation in
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the x direction,
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Where Q is discharge in m3/s, x is distance along river in m, tis time in
sec,apgis momentum distribution coefficient, Asds the cross section of flow in
m2, Aids total cross section area in m?2, is acceleration due to gravity in
m2/sec, his water depth above datum level in m, Cis the Chezy’s coefficient

in m1/2/s and R is the hydraulic radius in m.

4.4. Data analysis and process:

GIS technology with help of ERDAS software enables the ease of data
processing, visualization, sorting, assessment, computation and map
preparation when compared with other technologies. Another software
Surfer 8.0 is also used for development of contour map. MS Excel is used for

analysis of socio economic survey data.

4.5. Design and Estimation of Field Model

There are three general steps followed in the design of composite model of
cost effective technology for recharging in over exploited groundwater
resources, after carrying out in situ investigation and site selection. These

are hydrologic design, hydraulic design, and structural design

4.5.3. Hydrologic design

Hydrologic design involves estimation of peak rate of runoff required to be
passed safely through the given structure and runoff volume and water yield
required to be stored in ponds/reservoir. In hydrologic design following
steps are taken.Here Rational method is used for the estimation of peak rate

of discharge from small watershed .It is expressed by the equation.
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Where, Q = Peak rate of runoff in m3/s for given design frequency of
rainfall

C = Rational runoff coefficient having value ranging from O to 1
depending up on Watershed condition

I = Rainfall intensity (mm/hr) for design frequency and duration
equal to time of concentration.

A= Area of watershed(ha)

Here, area is calculated under various land use and soil and the area
weighted average value of ‘C’ is computed as given below .

c A1C1+A2B2+A3C3+ o, AnCn
- A

The time concentration T. of the watershed computed from Nomograph.
Deter mining the 1 hour rainfall intensity in deferent frequency in India from
the map. And also use the chart for relation of one hour rain fall intensities
to intensities at other duration. Water yield is computing from Strange
tables. The giving percentage of runoff with reference of total rain fall have

been developed based on data from Maharastra. (Sivanappan,1992)

4.5.4. Hydraulic design

Hydraulic design includes determination of storage capacity and storage
dimensions of the water harvesting structure. Height of dam or depth. Fixing
of spillway dimension for safe disposal of peak flow. Different formula used
in hydraulic design for different purposes are given below The length of spill

way determined using standard weir formula

-2 3/2
ZCaLy20 H/ oo 4.11

Q = peak discharge

Cq = coefficient of discharge

L =length crest

H= depth of flow over the crest
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4.5.5. Structural Design

The objective of structural design is to fixing the dimension of structural
body component and their material of construction to with stand static and
dynamic forces acting on the structure the force include hydrostatic water
pressure, weight of dam and uplift pressure. The structure is designed for

safety against overturning, sliding tension, compression.

4.5.6. Estimation

After completion of design step get the cross section of structure and
estimate the total cost for construction of the structures on the basis of
Schedule of Rate (PWD) Govt. of West Bengal. Locally available materials are

used for construction therefore the cost of construction will be less.
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CHAPTER-5

SURVEY AND INVESTIGATION
(Kangsabati River, Damodar and Darokeswar River Basin)

76



5. Survey and Investigation

Water resource management of near-channel ground water and surface
water to maintain stream health and flood plain ecological function requires
researchers to refocus their conceptual models of water exchange between
the aquifer and stream. The high hydraulic conductivity fluvial plain directs
ground water flow down-plain where it exchanges with the stream channel
creating gaining, losing, flow-through, and parallel-flow reaches. The
resulting complex flow system requires consideration when profiles
representing ground water flow paths are constructed. In addition to
interaction at the scale of the fluvial plain, exchange of ground water and
surface water within and immediately adjacent to the stream channel
creates hyporheic zones. The physical and bio-geochemical extent of these
zones depends on the head distribution and ground water flow directions,
stream hydraulics, and channel bed conditions, and magnitudes and
distributions of hydrogeologic parameters. Simulated conceptualizations of
flow dynamics caused by slight increases in hydraulic potentials at the
surface water-stream bed interface indicate stream-ground water mixing
could occur to a depth of 1.7 m below the channel. Rescaling of traditional
hydrogeologic approaches to include the fluvial plain and channel scale will
need the proper survey and investigation. Outcomes of survey and
investigation suggest the appropriate location and boundary condition for
the cost-effective model of ground water recharging and supply the data’s for
numerical models. In this research survey and investigation carried out in
two parts reconnaissance survey and detail survey or investigation. The
total survey is conducted in three river basin Kangshabati River basin,

Damodar River basin and Daorkeswar River Basin.
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5.1. Reconnaissance Survey

Reconnaissance survey is done to examine the general character of the area
for determining the most feasible location for further more detailed
investigations. Data collected from reconnaissance survey is used for
feasibility study of all different location, preparation of approximate
estimates of quantities and costs. This helps in selection of most suitable
alternatives. This survey also helps in determining any deviations required
in the basic geometric standards to be adopted for the water resource
planning.

The reconnaissance survey methods conducted in the following sequence:

e Study of topographical survey sheets, agricultural, soil, geological and
meteorological maps.

e Ground reconnaissance including another round of serial
reconnaissance for inaccessible and difficult stretches, where
required.

Study of Survey Sheets and Maps:

Reconnaissance survey starts with a study of the all available maps. After
study of the topographical features on the maps, a number of economical
location feasible in a general way are selected keeping in view the following
points:

(i) The location to take into account all the control points and to be
shortened and more economical compatible with requirements of site
suitability.

(ii) Shape of the alignment.

(iii) Avoidance as far as possible of earthen bank, steep terrains, unstable
hill features and areas subject to severe climatic conditions, flooding and
inundation.

(iv) Need of connecting important villages and localities.
(v) Bridging problems, and

(vi) Need to preserve environment and maintain ecological balance.
The satellite imageries taken to a scale of 1:20000 to 1:50000 to supplement
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the information from topographic maps. If stereoscopic techniques are
applied, photographs can yield quantitative data, and if studied by a skilled
photo interpreter, significant soil and subsoil information. Ground
reconnaissance consists of general examination of ground by walking or
riding along the probable locations and collecting all available information
necessary for evaluating the same. In the case of hill sections, it may be
advantageous sometime to start the reconnaissance from an obligatory point
situated close to the top. If an area is inaccessiblefor ground
reconnaissance, aerial method should be used to clear the doubts.
Whilereconnoitring on the ground, it is advisable to leave reference pegs to
facilitate further survey operations. Instruments for ground reconnaissance
include compass, GPS, clinometers, water quality field test kit, current
meter etc. Use of instruments mentioned above to obtain ground slopes,
maximum gradients, elevation of critical summits or stream crossings and
location of obligatory points, serves as a check on the maps being used.The
area has been surveyed by the technical experts of SWRE before detail
survey. GPS locations have been identified and to quantify the surface water
during pre and post monsoon period at different stretches of Kangsabati and
Damodar River at six different blocks of Purulia district (Figure 5.1,Figure
5.2 and Figure 5.3). Accordingly, the water samples have been collected at

different hot spots area during reconnaissance survey.

Photo 5.1: Reconnaissance Survey at Hura block
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Figure 5.1: Reconnaissance survey at Arsha and Purulia I Block
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Figure 5.2 : Reconnaissance survey at Hura Block
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Figure 5.3 : Reconnaissance survey at Nituria Block
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5.2. Detail Survey and Investigation

5.2.1. Hydro-Meteorological survey

Hydrometeorological survey ensures integrated study of hydrometeorological
conditions at the construction territory and predicting potential changes in
such conditions due to interaction with the facility under design. A detailed
hydro-meteorological study for the study area has been carried out using
data obtained from the different Government agencies. Data has been
collected from seven stations in and around the sub-basin. In Purulia
district the twenty years’ rainfall data have been collected and analysed
given in depicts that the highest and lowest annual rainfall has occurred in
1999 and 2005 respectively. The result also highlights about 80% of total
rainfall has predominant during monsoon. Figure 5.4 and Figure 5.5
describes the highest rainfall occurred during monsoon in different periods
and the highest magnitude has found to be 316 mm in 2006 followed by 276
mm in 1995 and so on. Thus, the study area represents the intensity of
rainfall has very high compared to the total annual rainfall found an average
of 900 mm in the same area and hence the study area defines as zone of

shot-pockets of scarcity so far, the quantity of water is concerned.
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Figure 5.4 : 20 years monsoon non monsoon and total rainfall in study area
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Figure 5.5 : Comparison of 20 years peak rain fall data in study area

The Hydrologic Modelling System (HEC-HMS) was used to calculate runoff
generation. From the daily precipitation total runoff is calculated for each
year 1993,1994,1995,1996,1997,1998,1999,2000,2001,2002 for Hura,
Bandu and Kangsabati block which is shown in above Table 5.1andTable
5.2 considering evapotranspiration and other major losses like surface
runoff. The model is calibrated and validated using observed monthly
streamflow data collected at the outlet of the basin. Runoff Volumes have
increased to different degrees during the study period (1993-2002) for the 2
blocks of river Kangsabati due to varying area of the catchment. The
objective of the model calibration was to match simulated runoff with the
observed data with different meteorological conditions.Total runoff observed
was 3797.47 mm and 3077.56 mm for Hura and Bandu Kangshabati
respectively. Total runoff was about 32% of the total precipitation from the
year 1993-2002 which was represented and matched from the model runoff.
Total runoff volume was 234.12 Mm3 and 271.12 Mms3for Hura and Bandu
Kanshabati respectively. To calibrate and verify the HEC-HMS model, 10-
year (1993-2002) streamflow and precipitation data were used for the study
catchment.Initial abstraction, time of concentration, storage -coefficient,
recession constant, baseflow, kinematic wave and travel time were
considered as HEC-HMS calibration parameters. However, the model

estimated volume of runoff and observed volume of runoff did not match
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accurately but the difference was also till a very meager extent.

Table 5.1: Runoff volume (Mm?3) of Hura catchment area

Year >P YET Loss (L) | Base Surface | Total Runoff
(mm) (mm) (mm) flow runoff | runoff Volume
(mm) (mm) (mm) (Mm3) =Area
x DR
Area=61.73
km?2
1993 1150.6 | 680.36 | 30.51 115.06 | 314.66 | 429.72 26.48
1994 |1160.99 | 698.59 | 34.83 114.09 | 313.46 | 427.55 26.35
1995 970.86 | 582.52 | 26.13 97.09 | 265.13 | 362.22 22.34
1996 | 1070.65 | 642.39 | 32.12 107.07 | 289.08 | 396.15 24.45
1997 |1090.47 | 650.28 | 30.72 109.05 | 300.43 | 409.48 25.25
1998 | 1060.38 | 636.23 | 34.82 106.04 | 283.31 | 389.35 24.01
1999 |1120.93 | 674.56 | 33.63 112.09 | 300.65 | 412.74 25.43
2000 790.56 | 470.33 | 22.72 79.06 | 218.45 | 297.51 18.33
2001 830.46 | 498.28 | 23.92 83.05 | 225.22 | 308.27 19.01
2002 990.49 | 596.29 | 29.72 99.05 | 265.43 | 364.48 22.47

Table 5.2 : Runoff volume (Mm3) of Bandu-Kangsabati catchment area

Year >P >ET Loss Base Surface | Total Runoff
(mm) (mm) (L) flow runoff runoff | Volume
(mm) (mm) (mm) (mm) (Mm3) =Area
x DR
Area=65.4
km?
1993 1150.6 | 665.44 | 20.02 126.58 338.56 | 465.14 30.41
1994 1160.99 | 676.37 | 26.22 127.71 330.39 | 458.1 29.95
1995 970.86 | 560.10 | 14.42 106.79 289.55 | 396.34 25.89
1996 1070.65 | 612.98 | 21.41 117.77 318.49 | 436.26 28.51
1997 1090.47 | 632.47 | 15.81 119.95 322.24 |442.19 28.91
1998 1060.38 | 613.02 | 21.21 116.64 309.51 |426.15 27.86
1999 1120.93 | 650.13 | 17.42 123.30 330.08 | 453.38 29.62
2000 790.56 | 448.52 | 15.81 86.96 239.27 |326.23 21.32
2001 830.46 | 472.66 | 16.61 91.35 249.84 | 341.19 22.30
2002 990.49 | 574.48 | 12.81 108.95 294.25 | 403.2 26.35

When simulated runoff, and observed runoff was calibrated approximately

2% error was observed for Santuri catchment area which is supposed to be

negligible error so observed runoff was used for further calculations and

forecasting. Similar results were observed when calculations were done for

Raghunathpur and Nituria catchment.
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Table 5.3 : Runoff volume (Mm3) of block Raghunathpur

Figure 5.6 : Representation of total runoff and losses (Damodar river)

Year >P (mm) YET Loss (L) Base Surface Total Runoff
(mm) (mm) flow runoff runoff | Volume (Mms3)
(mm) (mm) (mm) =Area x DR
Area=96 km?2
1993 1159.58 699.34 11.59 115.95 332.70 448.65 43.07
1994 710. 17.7 120. 4.4 444.74
99 1172.98 0.52 2 20.29 324.45 42 69
1995 994.63 601.72 11.94 102.46 278.51 380.97 36.57
1996 1002.32 602.42 11.02 100.23 288.65 388.88 3733
1997 1078.52 650.89 12.78 112.85 302.00 414.85 39.80
1998 1051.91 635.67 12.51 110.19 293.54 403.73 38.75
1999 1115.21 672.28 11.15 111.52 320.26 431.78 41.45
2000 791.92 480.07 10.91 75.19 225.75 300.94 8.89
2001 820.83 500.71 14.20 80.08 225.84 305.92 99 36
2002 991.22 602.65 10.91 107.12 270.54 377.66 .
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Table 5.4: Runoff volume (Mm3) of block Nituria

Year >P (mm) | YET Loss Base Surface | Total Runoff Volume
(mm) (L) flow runoff | runoff | (Mms3) =Area x
(mm) (mm) (mm) (mm) DR
Area=103.46
km?2
1993 | 1159.58 | 704.34 11.59 111.95 | 331.70 | 443.65 45.90
1994 | 1172.98 | 710.52 17.72 120.29 | 324.45 | 444.74 46.01
1995 994.63 605.72 10.94 97.46 279.51 | 376.97 39.00
1996 | 1002.32 | 610.42 10.02 96.23 285.65 | 381.88 39.50
1997 | 1078.52 | 650.89 14.78 112.85 | 300.00 | 412.85 42.71
1998 | 1051.91 | 650.67 | 10.51 105.19 | 285.54 | 390.73 40.42
1999 | 1115.21 | 675.28 11.15 108.52 | 320.26 | 428.78 44.36
2000 791.92 484.07 7.91 79.19 220.75 | 299.94 31.03
2001 820.83 502.71 10.20 82.08 225.84 | 307.92 31.85
2002 991.22 605.65 10.91 104.12 | 270.54 | 374.66 38.76
Table 5.5 : Runoff volume (Mm3) of block Santuri
Year |>P >ET Loss Base Surface Total Runoff
(mm) (mm) (L)mm | flow runoff(mm) | runoff(mm) | Volume
(mm) (Mms3)
=Area x DR
Area=66.44
km?
1993 | 1159.58 | 680.34 | 12.59 | 125.95 340.7 466.65 31.00
1994 | 1172.98 | 695.52 | 20.72 | 127.29 329.45 456.74 30.34
1995 | 994.63 | 581.72 | 15.94 | 113.46 283.51 396.97 26.37
1996 | 1002.32 | 590.42 | 12.02 | 100.23 299.65 399.88 26.56
1997 | 1078.52 | 652.89 | 17.78 | 107.85 300.00 407.85 27.09
1998 | 1051.91 | 635.67 | 10.51 | 115.19 290.54 405.73 26.95
1999 | 1115.21 | 660.28 | 11.15 | 111.52 332.26 443.78 29.48
2000 | 791.92 | 473.07 | 7.91 90.19 220.75 310.94 20.65
2001 | 820.83 | 490.71 | 12.20 | 82.08 235.84 317.92 21.12
2002 | 991.22 | 605.65 | 10.91 | 104.12 270.54 374.66 24.89

The Hydrologic Modelling System (HEC-HMS) was used to calculate runoff

generation. From the daily precipitation total runoff is calculated for each

year for Nituria, Santuri and Raghunathpur-2 block which is shown in Table

5.3, Table 5.4 and Table 5.5considering evapotranspiration and other major

losses like surface runoff. The model is calibrated and validated using

observed monthly streamflow data collected at the outlet. Runoff Volumes

have increased to different degrees during the study period (1993-2002) for
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calibration and the calibrated model has been used to estimate the runoff
volumes for the period of 2011 for validation for the 3 blocks of river
Damodar due to varying area of the catchment. The objective of the model
calibration was to match simulated runoff with the observed data with
different meteorological conditions. Total runoff calculated was 3898.12 mm,
3862.12 mm and 3981.12 mm for the catchments Raghunathpur-2, Nituria
and Santuri respectively. Total runoff observed was about 32% of total
precipitation which is represented and matched from the model runoff. Total
runoff volume calculated was 374.18 Mm3, 399.54 Mm3 and 264.45 for
Raghunathpur-2, Nituria and Santuri catchments respectively. To calibrate
and verify the HEC-HMS model, 10 year (1993-2002) streamflow and
precipitation data were used for the study watershed. Initial abstraction,
time of concentration, storage coefficient, recession constant, baseflow,
kinematic wave and travel time were considered as HEC-HMS calibration
parameters However, the model estimated volume of runoff and observed
volume of runoff did not match accurately but the difference observed was

also till a very meagre extent.

5.2.2. Geophysical investigation

The Resistivity method is used to determine resistivity of subsurface geology
layers, identify clay or saline aquifers, determine depth to hard rock of
various Vertical Electrical Sounding (VES) and isolated various individual
geo-formational layers with their thicknesses. After determining the
resistivity of various layers from the interpretation of VES field data, soil
texture of the layers can be determined and commencement on availability
of water can be done, according to the standard scale given below in Figure

5.7.

RESISTIVITY SCALE FOR WATERS AND ROCKS

[}
. salt water | fresh water . . .
T T T T T T —
1 10 i 100 i 1 000 10 000 ohm m
clay i sand ' gravel
altered rock i hard rock

Figure 5.7 :Standard scale
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For this survey, a total of 15 and 20 VES soundings are obtained using the
SSR-MP-ATS resistivity meter with the Schlumberger configuration A-MN-B
(Figure 5.7) in the sites of Kangsabati and Damodar River. Three sites were
chosen to take 15 VES sounding Point readings and in case of Damodar
River 20 VES sounding Point readings were taken in four sites, out of which
two were carried out in Damodar river bed of Santuria Block and other two
in Damodar river bed of Nituria Block. All the points are shown using Google

Earth image.

T, voltage Vag
€ r@'l Ed intensity |
1 AB —
A T,

: M N E - { Tx |
—— ——— ——F X |k | ﬁ

/ | -— i
Al M RevoltageVuw N B

4 | resistance R of the ground, A
*~| resulting from several layers ¢
with their resistivities

Figure 5.8 : Diagram of Schlumberger configuration array

For each VES Sounding, the distance between potential electrodes MN was
kept fixed at 2 m and the distance between current electrodes was increased
gradually from 10 m to 100 m (AB/2) with a step increase of 10 m or 20
m.The output resistivity data for each AB/2 distance was collected. The
collected data are given in tabular form below as Table 5.6. In case of
Damodar River the distance between current electrodes was increased
gradually from 5 m to 50 m (AB/2) with a step increase of 5 m or 10 m and

the collected data are given in Table 5.6 and Table 5.7.
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Table 5.6 : Collection of VES data at site (Kangsabati River)

Kotloi-
Barsimulia
Village

23°18.151"

23°18.155'

86°19.782'

86°19.766'

221

220

90

1 10 107.3 2
3 30 236.5 2
5 50 360.2 2
7 70 462.6 2
9 90 458 2
100 486.4 2
10 112.8
30 184.4
50 360.2
70 458
90 570.9
100 656.7
1 10 117.4 2
3 30 289.4 2
5 50 387.34 2
7 70 464.78 2
9 90 704.4 2
10 100 843.5 2
10 112.8
S0 256.3
=Y 427
0 631
920 631
100 895.7




Beldihi-
Patrabera
Village

23°18.389'

23°18.347'

86°17.413'

86°17.409'

91

247

243

|| | W|N

70 402.1
90 558.3
100 609.3
10 124.6
30 297.8
50 511.3
70 588.3
90 718.7
100 802.3
1 Lo 127
2 S 329.2
3 o0 462.6
4 = 656.7
5 =0 697.4
6 LOE 860.6
10 142
30 346
50 516.5
70 697.4
90 690.5
100 810.4




Jhoriyadih-
Hensla
Village

23°18'21.39"

23°18'20.22"

86°16'50"

86°16'51.18"

235

234

1 10 110.70 2
2 30 241.3 2
3 50 340.1 2
4 70 475.6 2
5 90 554 2
6 100 643.7 2

10 112.4

30 243.3

50 360.6

70 526.7

90 612.3

100 656.7
1 10 129.6 &
2 & 273.6 g
3 K 438.9 &
4 e 576.3 g
5 90 760 2
6 — 807.8 2

10 127.6

30 265.4

50 388.5

70 560.2

90 672.7

100 807.8




Table 5.7 : Collection of VES data at site (Damodar River)

Santuria
Block

23°39.009'

23°38.95'

86°53.067"

86°53.274"

Apparent
AB/2(m) | Resistivity
(Q-m)
5 136.31
10 116.6
20 124
30 149.1
40 179.2
50 229.2
1 ) 62.99 2
2 10 54.12 2
4 20 67.09 2
6 30 80.66 2
8 40 88.44 2
50 91.2 2
) 127.94
10 113.1
20 78.22
30 71.48
40 73.57
50 67
1 ) 109.62 2
2 10 94.05 2
4 20 88.44 2
6 30 96.98 2
8 40 120.2 2
50 144.5 2
5 80.93
10 79.54
20 98.37
30 131.84
40 179.29
50 190.57




wnjam | R

y (Q-m)

5 112.92

10 98.85

20 293.46

30 578.96

40 758.49

50 45.89

1 5 4258.50

2 10 4357.69

5 23°40.550 | 86°51.074 -8 3 20 6574.89
4 30 5128.78

5 40 5589.51

6 50 159.83

5 185.96

10 234.79

Saturia 20 1846.83
Block 30 | 2597.75
40 1957.34

50 269.78

1 5 1578.56

2 10 2386.74

4 23°40.534 | 86°51.085 - 3 20 6184.62
4 30 7254.98

S 40 7486.49

6 50 1967.53

5 5487.62

10 5246.54

20 5672.28

30 5937.73

40 158.94

50 6587.56




Nituria
Block

23°40.963'

23°40.917

86°48.185

86°48.195'

Apparent

AB/2(m) | Resistivity
(Q-m)
5 159.58
10 198.64
20 96.48
30 84.34
40 6348
50 1984.87
1 5 187.53
2 10 264.78
3 20 45.67
4 30 76.97
5 40 987.12
6 50 2384.67
5 176.92
10 264.78
20 78.96
30 67.54
40 1578.64
50 2457.68
1 & 213.76
2 LY 198.64
3 20 97.64
4 S 576.35
5 . 967.64
6 50 6587.94
s 259.46
10 286.64
20 184.67
20 157.64
20 4587.69
50 5183.49




AB/2(m | pEERtCE!

y (Q-m)

5 95.86

10 93.74

20 124.68

30 76.94

40 89.47

50 467.39

1 5 102.95

2 10 101.49

o | 26740732 | 8646.880 | g 4 20 59.38
6 30 93.69

8 40 186.94

50 378.95

5 105.47

10 102.48

Nituria 20 99.53
Block 30 67.39
40 156.98

50 397.86

1 5 87.59

2 10 86.74

s | 28730720 | 86°46.977 | o 4 20 164.38
6 30 67.83

8 40 82.35

50 346.83

5 157.38

10 155.58

20 86.43

30 153.37

40 267.38

50 146.25

Analysis of Data:

The interpretation of the VES data was conducted using the Resist software
[PIwin which produces the resistivity model (resistivity, thickness and depth)
fitting the aquifer field data with the least RMS-error between the observed
and calculated resistivity. The iteration was performed until the fitting error
between field data and theoretical model curve fell less than 10%. Using the

software, the variation of resistivity of both the observed and the modelled
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resistive layer with depth at each point is plotted and shown below. With the
variation of depth, the variation of conductivity up to 50m depth for
Kangsabati and 25m depth for Damodar at each point is also shown below.
The maximum layer information below ground level found up to 1/3 to %2 of

the observed AB/2 distance.

Discussion:

» Pseudo cross-sections: Five points have been selected for sounding in
each site to take sounding data. The GPS data to locate the points are
given above in the tables. The [oint has been denoted here by Si/P;
(Where, is site number and j is point number). Using the data’s of five
sounding points of each site a cross-section of resistivity variation
with depth is created, is called Pseudo cross-section. Here it has been
taken the 1st point as reference and the distance between the 2rd, 3rd,
4thand Sth point from the 1st point is 30m, 50m, 90m and 120m
respectively. In the pseudo cross-sections shown below, the top
horizontal ruler represents the name of the sounding points, while the
bottom represents the co-ordinates of the sounding points. Colour
scale columns are displayed beside the cross-sections for apparent
resistivity. In Figure 5.9 and Figure 5.10all the four Pseudo cross-

sections for the four sites are shown below.

> Resistivity Variation Curve: The variation of resistivity in each 20
points of 4 sites with the variation of current electrode separation
distance AB/2 have been plotted during the software interpretation of
VES field data. The curves shows both the observed resistivity
variation with AB/2 in field (shown using black line) and the
interpreted model resistivity variation with vertical depth layer wise
(shown using red line). The blue line shown in the curves can be used
to customize the layer wise resistivity variation during the software
interpretation. All the 20 curves for 20 points are shown in Figure

5.11, Figure 5.12.
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» Resistivity Cross-Section and Conductance Variation: The four
resistivity cross-sections shown below in Figure 5.11 shows the
vertical layer wise resistivity variation of each point. Each cross-
section for each site shows the vertical layer wise resistivity variation
for the five points taken at that site. To clarify the proper values the
table of vertical layer wise resistivity created by the software is also
shown for each point. Figure 5.13, Figure 5.14, Figure 5.15, Figure
5.16, Figure 5.17, Figure 5.18 shows the variation of conductance up

to vertical depth 30m below the ground level for each site.
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Figure 5.9: Pseudo cross-sections of the Soundings I to III (Kangsabati river)
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Figure 5.10: Pseudo cross-sections of the Soundings I to IV

(Damodar river)
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Figure 5.11: Resistivity Variation of the Points in Kangsabati river
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Figure 5.12: Resistivity Variation of the points in Damodar river
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Figure 5.13: Variation of conductance up to 50 m depth in Site 1-
(Kangsabati)
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Figure 5.14: Variation of conductance up to 25 m depth in Site 1-Damodar
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Figure 5.15: Variation of conductance up to 50 m depth in Site 2-Kangsabati
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Figure 5.17: Variation of conductance up to 50 m depth in Site 3-Kangsabati
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Figure 5.18: Variation of conductance up to 25 m depth in Site 3-Damodar

> Total Transverse Resistance:

The total transverse resistance (T) is one of the parameters used to define
target areas of good groundwater potential. It has a direct relation with
transmissivity and the highest T values reflect most likely the highest
transmissivity values of the aquifers or aquiferous zones and vice versa. The
total transverse resistance (T) for each geo-electric sounding (VES) stations
iscomputed below in tabular form from the relation:

T=Zhipi=hipi+hapza+.. et hnpPaceeceeeniiii. 5.1

Where T is the total transverse resistance, h; is the thickness of the ith layer
and p; is the resistivity of the ith layer.
> Total Longitudinal Conductance:

The total longitudinal conductance (S) is also a parameter used to define
target areas of groundwater potential. High S values usually indicate
relatively thick succession and should be accorded the highest priority in
terms of groundwater potential and vice versa.The total longitudinal
conductance (S) for each of geo-electric sounding (VES) stations is computed

below in tabular form from the relation:
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S=X(hi/pi)j=hl/pl+h2/p2+....+hn/pn

Where S is the total longitudinal conductance, h; is the thickness of the ith

layer and pi is the resistivity of the ith layer.

Table 5.8: Transverse resistance and longitudinal conductance for
Kangsabati

Kotloi-
Barsimuli
a Village

94 10 940 0.10638
S1/P 1716 14.3 24538.8 0.00833
1 52831.88 0.31897
75.8 15.1 1144.58 0.19921
2279 11.5 26208.5 0.00505
88.7 10.3 913.61 0.11612
S1/P 5062 14.3 72386.6 144202.7 0.00282
9 9 0.26205
90.4 12.7 1148.08 0.14049
5167 13.5 69754.5 0.00261
101 9.1 919.1 0.09010
S1/P 165 8.63 1423.95 121935.0 0.05230
3 5 0.15103
5448 13.2 71913.6 0.00242
2772 17.2 47678.4 0.00620
97.4 9.83 957.442 0.10092
S1/P 892 6.3 5619.6 66035.34 0.00706
4 2 0.12497
2018 14.8 29866.4 0.00733
1751 16.9 29591.9 0.00965
90 7.79 701.1 0.08656
S1/P 679 15.6 10592.4 0.02297
5 101193.2 0.11801
1522 2.9 4413.8 0.00191
3607 23.7 85485.9 0.00657
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90.5 8.99 813.595 0.09934
4157 19.9 82724.3 0.00479
S2/P1 118068.275 0.11255
1799 10.9 19609.1 0.00606
2512 5.94 14921.28 0.00236
85.7 11 942.7 0.12835
5752 14.7 84554 .4 0.00256
S2/P2 148340.525 0.17369
97.5 3.59 350.025 0.03682
3238 19.3 62493.4 0.00596
97.4 8.93 869.782 0.09168
Beldihi- 3556 11.3 40182.8 0.00318
Patrabera | S2/P3 190574.262 0.10100
Village 4086 19.6 80085.6 0.00480
7188 9.66 69436.08 0.00134
105 9.29 975.45 0.08848
3346 17.2 57551.2 0.00514
S2/P4 117492.99 0.10912
599 7.26 4348.74 0.01212
4016 13.6 54617.6 0.00339
104 7.69 799.76 0.07394
1594 18.8 29967.2 0.01179
S2/P5 80882.18 0.09855
1763 17.1 30147.3 0.00970
2534 7.88 19967.92 0.00311
97.6 7.57 738.832 0.07756
2608 1.28 3338.24 0.00049
S3/P1 76951.182 0.10020
929 9.59 8909.11 0.01032
2326 27.5 63965 0.01182
92.5 9.84 910.2 0.10638
2504 11.6 29046.4 0.00463
S3/P2 72619.9 0.13214
669 10.7 7158.3 0.01599
2630 13.5 35505 0.00513
87.7 8.55 749.835 0.09749
Jhoriyadih- 1217 12.3 14969.1 0.01011
Hensla S3/P3 79851.635 0.13016
Village 877 16.7 14645.9 0.01904
3749 13.2 49486.8 0.00352
102 8.99 916.98 0.08814
2091 6.48 13549.68 0.00310
S3/P4 92318.16 0.10664
1849 20.7 38274.3 0.01120
3068 12.9 39577.2 0.00420
103 9.57 985.71 0.09291
2567 4.83 12398.61 0.00188
S3/P5 113186.32 0.11126
1249 13 16237 0.01041
3714 22.5 83565 0.00606
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Table 5.9: transverse resistance and longitudinal conductance for Damodar

144 5.40 780.48 0.03764
S1/P1 43.6 562 | 245.032 7938.012 0.12890 0.18914
553 12.5 6912.5 0.02260
63.1 507 | 319.917 0.08035
S1/P2 54.7 10.8 590.76 1800.057 0.19744 0.33754
122 7.29 889.38 0.05975
130 5.24 681.2 0.04031
Séal‘(t)‘;lr{l S1/P3 0.4 339 | 306.456 1804.056 0.03750 0.37973
52 15.7 816.4 0.30192
110 5.13 564.3 0.04664
S1/P4 73.0 4.08 | 298.656 1477.596 0.05574 0.27835
59.1 10.4 614.64 0.17597
79.7 7.0 573.84 0.09034
66.9 8.14 | 544.566 11385.606 0.12167 0.23056
S1/P5 744 13.8 | 10267.2 0.01855
112 7.2 806.4 0.06429
S2/P1 210 2.97 623.7 8456.6 0.01414 0.09725
611 11.5 7026.5 0.01882
6414 327 | 20973.78 0.00051
S2/P2 282 6.73 | 1897.86 23904.6 0.02387 0.18299
80.7 12.8 | 1032.96 0.15861
‘ 327 447 | 1461.69 0.01367
%ﬁ‘g‘é}r{l S2/P3 92.1 7.32 | 674.172 2743.833 0.07948 0.23146
66.3 9.17 | 607.971 0.13831
1484 4.54 6737.36 0.00306
S2/P4 4252 7.096 | 33845.92 53822.88 0.00187 0.01545
1122 11.8 13239.6 0.01052
3548 9.66 | 34273.68 0.00272
S2/P5 968 14.5 14036 48575.309 0.01498 0.01778
1807 0.147 | 265.629 0.00008
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134 3.05 408.7 0.02276

S3/P1 90.6 836 | 757416 8613.316 0.09227 0.13041
696 10.7 7447.2 0.01537
141 6.52 919.32 0.04624

S3/P2 87.7 489 | 428.853 7410.273 0.05576 0.12615
501 12.1 6062.1 0.02415
120 4.2 504 0.03500

l\gﬂ)‘;l{a S3/P3 76.9 902 | 762.848 1718.728 0.12900 0.30211
57.2 7.9 451.88 0.13811
124 1.75 217 0.01411

S3/P4 95.2 3.26| 310.352 | 118810.552 0.03424 0.05307
5012 23.6| 118283.2 0.00471
122 3.16 385.52 0.02590

S3/P5 349 0.02| 3147.98 59041.9 0.02585 0.05362
5442 10.2 55508.4 0.00187
134 6.12 820.08 0.04567

S4/P1 74.4 466 | 346.704 2327.424 0.06263 0.24078
93.6 12.4 | 1160.64 0.13248
146 3.21 468.66 0.02199

S4/P2 78.1 7.82 | 610.742 2156.902 0.10013 0.26713
86.2 12.5 1077.5 0.14501
196 2.96 580.16 0.01510

1?;}233 S4/P3 95.2 14 1332.8 9095.59 0.14706 0.17150
877 8.19 7182.63 0.00934
151 2.82 425.82 0.01868

S4/P4 90.6 6.04 | 565.344 2552.964 0.06887 0.20773
114 13.7 1561.8 0.12018
243 582 | 1414.26 0.02395

S4/P5 139 4.86 675.54 13111.8 0.03496 0.07472
835 13.2 11022 0.01581

Remarks: From the interpreted results and according to the standard

resistivity scale can say that there are many layers in the selected points

which have layers of resistivity having value between 20-100 Q-m. That

means those layers probably be the source of fresh water. All the observed

points consist of layers having resistivity value between 20-100 Q-m except

S2/P4, S2/P5, S4/P5. But out of these points S1/P2, S1/P3, S3/P3 have
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the highest ground water potential as these points have longitudinal
conductance greater than 0.3, which are highest among all the other points.
From the transverse resistance value, it can be commented that S2/P4,
S2/P5, S3/P4, S3/P5 are the points having aquifer layers of highest
transmissivity value. In case of Kangsabati River all the observed points
have 20-100 Q-m layers up to depth 8m-10m starting from the ground level
and in some points, there are rocky layers after that. As the value of
longitudinal conductance of points S1/P1, S2/P2 are the highest, that
means those are the points having highest ground water potential. And
S1/P2, S2/P2, S3/P3 have the highest transverse resistance value which
indicates these points consists having aquifer of good transmissivity
value.From the conductance variation curve depict that all the the points
have conductance less than 0.5 dS/m upto So m depth of Kangsabati river
and upto 25m depth of Damodar river which is under desirable limit of

conductivity.

VES Survey in Ghutlia Village

For each VES Sounding, the distance between potential electrodes MN was
kept fixed at 2 m and the distance between current electrodes was increased
gradually from 10 m to 50 m (AB/2) with a step increase 20 m. The output
resistivity data’s for each AB/2 distance was collected. The collected data
are given in tabular form below as Table 5.10. the field survey work is

shown in Photo 5.2.

Photo 5.2: Geophysical Data collection using (VES) Instrument
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Table 5.10 : Collection of VES data at site (near Ghutlia village)

Apparent
Gz Resistivity (Q-
(m) )
10 120.1
30 234.9
50 290.8
Site 1
1 2 10 109.6
2 23°24'35.64" 86°37'12.58" 2 2 30 180
3 2 50 211.1
10 115.6
30 214.4
50 295.3
Site 2
1 2 10 111.3
2 23°24'48.29" 86°36'53.19" 2 2 30 227.8
3 2 50 286.4
10 133.6
30 238.5
50 304.4
Site 3
1 2 10 125.7
2 23°24'26.48" 86°36'61.79" 2 2 30 214.4
3 2 50 245.9
10 109.6
30 181.3
50 221
Site 4
1 2 10 114.7
2 23°24'26.76" 86°36'53.47" 2 2 30 180
3 2 50 214.4
10 116.5
30 214.4
50 304.4
Site 5
1 2 10 107.9
2 23°24'19.79" 86°36'58.94" 2 2 30 207.9
3 2 50 286.4
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Analysis of Data :

The interpretation of the VES data was conducted using the Resist software
IPI2win which produces the resistivity model (resistivity, thickness and
depth) fitting the aquifer field data with the least RMS-error between the
observed and calculated resistivity. The iteration wasperformed until the
fitting error between field data and theoretical model curve fell less than5%.
Using the software, the variation of resistivity of both the observed and the
modelled resistive layer with depth at each point is plotted and shown
below. The maximum layer information below ground level found up to 1/3
to 2 of the observed AB/2 distance.

Results and Discussion:

» Pseudo cross-sections: Similarly it has been selected five points for
sounding in each site to take sounding data. The GPS data to locate
the points are given above in the tables. Again denotation of the
points here Si/Pj (Where, is site number and j is point number). Using
the data’s of five sounding points of each site a cross-section of
resistivity variation with depth is created, is called Pseudo cross-
section. Here it was taken the 1st point as reference and the distance
between the 2ndpoint from the 1st point is 10m. In the Pseudo cross-
sections shown below, the top horizontal ruler represents the name of
the sounding points, while the bottom represents the co-ordinates of
the sounding points. Colour scale columns are displayed beside the
cross-sections for apparent resistivity. In Figure 5.19all the five

Pseudo cross-sections for the fivesites are shown below.

» Resistivity Variation Curve: The variation of resistivity in each 10
points of 5 sites with the variation of current electrode separation
distance AB/2 have been plotted during the software interpretation of
VES field data. The curves shows both the observed resistivity
variation with AB/2 in field (shown using black line) and the
interpreted model resistivity variation with vertical depth layer wise

(shown wusing red line). The blue line in the curves shows
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corresponding resistivity and thickness of layers. All the 10 curves for

10 points are shown in Figure 5.16below.

Resistivity Cross-Section and Conductance Variation: The five
resistivity cross-sections shown below in Figure 5.20shows the vertical
layer wise resistivity variation of each point partly for each site. Each
cross-section for each site shows the vertical layer wise resistivity
variation for the two points taken at that site. To clarify the proper
values the table of vertical layer wise resistivity created by the
software is also shown for each point. Figure 5.22 shows the variation
of conductance up to vertical depth 20m below the ground level partly

for each five site.

Photo 5.3 : Conduction of VES survey in River bed
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Pseudo Cross-sections of the siteg

AB/2, m, Pseudo cross-section
&
7

A seudo cross-section

)
%

it

7 oo ] 10
it i3
i 282 126
i 251 141
f 158
: 224 178 225
200 20
j 178 224 9
: 158 251 172
: 82 150
d 141 316
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Figure 5.19 : Pseudo Cross-sections of the five sites
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Figure 5.20 : Resistivity variation Curves
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15
Resistivity cross-section

Resistivity cross-section
176 37

RMS=1.63%

RMS=2

4%

N[t [ 2 [ 3] a][N][T1T2T3Ta]
p[175 07 519 6 [p|220 76 528 157
0|16 584 877 h| 19 605 922

(4] 16 744 162 4|19 795 172

At| 16 -7.445 1622 At] 19 795 1717

(a) Site-1

RS RMS=247%

N[t 23] 4] N1 2]3]4]
p |29 8 485 553 [o [ 186 79 679 434
h| 1 745 786 h| 12 634 807

d| 1 845 163 d| 12 754 156

At| 1 8449 16,31 At] 12 -7.54 1561

(b) Site-2

RE-2.50% RMS=3.02%
N[Eam|rzEani] e
p| 149 808 867 315 (o[ 167 044 496 238

h| 26 485 864 h| 21 541 981

d| 26 745 161 d| 21 751 173

Alt| 2.6 -7.45 -16.09 Al 21 751 4732

(c) Site-3

N[ 1 g ] TN
p 176 79 38 257 |p |7 BT 8 2
h| 18 586 878 h|16 689 9.85

d| 1.8 766 164 d| 16 849 183

Alt| -1.8 -7.66 -16.44 Alt|-1.6 -8.49 -18.34

(d) Site-4

RMS$=1.6% o

N[ 1 [ ef3 ] a]lNgrT2T73T1]
p | 194 899 468 572 [, |20 74 546 572

h| 21 7.04 861 h| 18 676 82

d!| 21 914 117 d| 1.8 85 16.8

At| 21 -9.138 -17.75 08 45T

(e) Site-5

Figure 5.21 (a-e) :Resistivity Cross-Sections and Resistivity Attribute
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Figure 5.22 :Variation of conductance up to 20 m depth at Site 1to site V
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> Total Transverse Resistance:

The total transverse resistance (T) is one of the parameters used to define
target areas ofgood groundwater potential. It has a direct relation with
transmissivity and the highest T valuesreflect most likely the highest
transmissivity values of the aquifers or aquiferous zones and vice versa. The
total transverse resistance (T) for each geo-electric sounding (VES) stations

is computed below in tabular form from the relation:
T=Zhipizhipr+hapza+...cot Do P, 5.3

Where T is the total transverse resistance, h; is the thickness of the it layer

and p; is the resistivity of the ith layer.

> Total Longitudinal Conductance:

The total longitudinal conductance (S) is also a parameter used to define
target areas ofgroundwater potential. High S values usually indicate
relatively thick succession and should beaccorded the highest priority in
terms of groundwater potential and vice versa. The total longitudinal
conductance (S) for each of geo-electric sounding (VES) stations iscomputed
below in tabular form from the relation:

S=Zthi/pi))=hl /pl+h2 /p2+. ....4+hn /pn.cceciiiiiiiiiiiniiiinnn... 5.4

Where S is the total longitudinal conductance, h; is the thickness of the ith
layer and p; is the resistivity of the ith layer.
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Table 6.2: Calculation of Total Transverse Resistance & Total Longitudinal Conductance

— Total Total Total
otal
5 LAYER ) Transverse Longitudinal Longitudinal
Site
_ Points | RESISTIVITY Thickness Tra..nsuerse Resistance of | Conductance Conductance Curve
Location {m) Resistance of ) ) Type
[Q-m) 1 (Q-m?) Each Point of Layers of Each Point
SHEES (Q-m?) (Mho) (Mha)
175 1.6 280 0.00914
51/P1 a7 5.845 508.515 5866.924 0.06718 0.09145 Hiype
: a9 8.771 5078.409 0.01515
Site 1
220 1.9 418 0.00864
51/P2 76 6.05 450 8 5745.96 0.07981 0.10570 Hiype
528 9.22 4868.16 0.01746
229 1 229 0.00437
52/P1 Bo 7.449 £40.614 4682.8676 0.08662 0.10720 Hiype
) 484.9 7.864 3813.2536 0.01622
Site 2
186 1.2 22312 0.00645
c2/P2 79 £.34 500.86 £203.59 0.08025 0.09855 Htype
679 8.07 5479.53 0.01189
149 2.6 3874 0.01745
53/P1 80.8 4.85 391.88 8270.16 0.08002 0.08744 Hiype
: 367 5.64 749088 0.00957
Site 3
167 2.1 350.7 0.01257
53/P2 a4.4 5.41 456.604 5673.064 0.08410 0.09645 Hiype
496 9.81 4865.76 0.01578
176 1.8 316.8 0.01023
s4/P1 79 5.86 162.94 3833.788 0.07418 0.10962 | Htype
i 348 3.776 3054.048 0.02522
Site 4
237 1.6 3702 0.00675
54/P2 86.7 6.89 597.363 4207.363 0.07947 0.11625 Hiype
328 9.85 32308 0.03003
194 21 407 4 0.01082
85/P1 £9.9 7.04 £32.896 5069776 0.07831 0.10753 Htype
: d 4029 48 0.01840
Site 5 468 8.61
210 1.8 378 0.00857
55/P2 74 6.76 500.24 5355.44 0.09135 0.11494 Htype
546 8.2 44772 0.01502

Remarks: From the interpreted

results and according to the standard

resistivity scale can represent that the formation of layers in each point are

more or less same and the resisistivity value in each point are less at the

middle layer (below 100 Q-m) and first and third layer have resistivity value

more than the middle layer i.e., formation of resistivity curve types are H

type (p1> p2< p3). As the first layer resistivity value at each point is below 250
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Q-m, from the standard resistivity scale of rocky and sandy area revealed
that at each point the first layer consist of top clay with coarse sand mixture
having pores filled with some amount of water. As the middle layer of each
VES point has resistivity value less than 100 Q-m, it means that this layer
consists of sand and gravel mixture with pores fully saturated with water.
And at each VES point the third layer resistivity value is high it may
consists rock or hard stone. Among the 10 VES points S2/P1, S4/P1,
S4/P2, S5/P1, S5/P2have the highest ground water potential as these
points have longitudinal conductance near 0.11 Mho, which is the highest
among the 10 VES points. From the transverse resistance value, it can be
commented that S2/P2, S3/P1 are the points having aquifer layers of
highest transmissivity value among the 10 VES points. From the
conductance variation curve depicted can say that all the points have
conductance less than 0.5 ds/mupto 20 m depth in each point, which is

under desirable limit of conductivity of fresh water.

5.2.3. Hydrogeological Investigation

Kangsabati River
Lithological survey

In this section, the important role of geophysical investigation carried out
under this study has been demonstrated as a basis for selection of probable
suitable sites adjacent to river as well as underneath the river bed. The
detailed positions of litholog covering three blocks been shown in Map. 7.1.
The individual block wise of slim bores of three blocks of Purulia district of
Kangsabati river delineated in Map Figure 5.23, have been represented by
the symbol “B”. The borehole module of GMS 6.0 (Groundwater Modelling
System) was used to visualize boreholes depicted by chainage covering
longitudinal and transverse section with left and right bank of the river
created from drilling logs including plan view, 3-D view and hydro-geological
features (see Figs. 7.1 (A) to 7.1 (U), 7.2 (A) to 7.2 (U) and 7.3 (A) to 7.3 (U).

Along the river Kangsabati, slim bores in different cross sections 0.5 km
apart covered 10.5 km consists of 10 km upstream and 0.5 km downstream

of each block namely Purulia I, Arsha, and Hura of Purulia district were
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drilled to visualize the soil strata and to identify the thickness the sand
layer. The respective cross sectional slim bores are represented graphically
below where the color coding of the borehole logs are shown along with the
cross sections. While naming the bores a particular pattern has been
followed e.g.: B1-3 stands for slim bore no. 3 from Purulia side at cross
section no. 1 which in terms represents the cross section 0.5 km apart from
the starting cross section (BO) of each block. In case of Kangsabati river,
three sites of Purulia district have been considered and depicted in Table
5.11.

Table 5.11 : List of site of slim bores of Kangsabati river

Sl. No. | Name of the site Name of Block Distance covered during
survey
Site-1 Kotloi to Bhool Purulia-I 10.5 km
village
Site-2 | Jeledi to Hensla Arsha 10.5 km
village
Site-3 Karodoba to Hura 10.5 km
Jambad village

The first catchment area was chosen from Kotloi to Bhool village situated of
Purulia I block with a distance of 10.5 km covering 10 km towards upstream
and 0.5 km towards downstream. Similarly the other two sites were chosen
for two other blocks namely Arsha and Hura of Purulia district and
highlighted in Table 7(a). Based on these selected sites survey steps carried
out the physical survey, velocity measured at different cross-section, slim
bored at 0.5 km interval covering a total distance of 10.5 km of each site.
Each site was covered for three pumping wells along with three observations
wells of each pumping well. Pumping test of main well with three
observation wells has been carried out of three sites where the thickness of
sand layer received the higher value. The pumping test was conducted for a
shorter and longer period having 24 hrs and 72 hrs respectively. The
drawdown data have collected from different wells and the data’s were
plotted in the semi-log paper to estimate the aquifer parameters. Since the

aquifer is semi-confined or unconfined in nature, so the aquifer parameters
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such as Transmissivity (T), Specific yield (Sy), Confined storativity (S), co-
efficient of permeability (K) have been determined by using Neuman’s
Straight Line and the same value has been obtained by using internet based
software with the same input. In this case, two types of straight line were
observed, the first one is early response time and the second one is late
response time. In the late response time region it usually found T and Sy
whereas in early response time region it could obtain confined storativity (S).
River bed condition and monitoring stations also depicted in below

photograph Photo 5.4 and Photo 5.5 .

Photo 5.4: River bed condition in Kangshabati River

Photo 5.5 : Montoring well set up at Kangshabati river
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Figure 5.23: Slim bore operation in the study area of river Kangsabati
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Figure 5.25 :Slim Bore at Arsha Block, Bandu River
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Figure 5.26 : Litholog details of the Kangshabati River in Arsha Block
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Figure 5.27 : Slim Bore locations at Hurah Block, Kangsabati River
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Figure 5.28 : Slim bore details of Kangshabati River at Hura Block
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Photo 5.6Slim Boring operation at Kotloi

Photo 5.8 Slim Boring at Dhatkiri Photo 5.9Soil Sample Collection after
slim boring
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Hydrological Tests of Kangsabati river

In order to adjudge various hydrological parameters, long duration pumping
test were carried out 48 hrs. and 72 hrs. respectively. In the first occasion
step drawdown test was conducted at variable discharges of 10, 18, 25, 30,
42, 54 and 65 m3/hrs. respectively. During the variable discharges,
unsteady conditions of aquifer were noticed. After cessation of pumping,
recuperation test was also carried out in the main as also from two and
three in some cases observation wells. Values of drawdown versus time are
plotted on semi-log paper. The plots reflect the three types of drawdown
response that described in the introduction. At early time, the aquifer
behaves as though it is confined with data falling along a straight line. At
some intermediate time, it deviates from this straight line due to delayed
gravity drainage. At late time, data again follow a straight line as the aquifer
exhibits a Theis-type response with S equivalent to Sy. The transmissivity
(T) and specific yield (Sy) of the aquifer are determined by fitting a straight
line through the late-time data. The early-time response provides another
estimate of transmissivity (T), and a confined storativity (S) value for the
aquifer are obtained. The data plots are presented in figures (see below). The
cone of depression with respect to the maximum discharge of 65 m3/hr for
which testing was carried out in the area is found to be 250 m. The
drawdown versus yield are shown in Table 5.12,Table 5.13, ,Table
5.15,Table 5.16,Table 5.17,Table 5.18 and Table 5.20. The position of the
pumping well is represented in Fig. 7.7. From the above pumping studies, it
was seen that a long duration pumping tests with another or more
observation wells would have been more appropriate to adjudge the actual
potentiality of the aquifer and its influence on the static water levels in the

perspective of future projected scenario.
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Determination of Hydraulic parameters using Distance Drawdown Data
for Unconfined Aquifer

The response of an unconfined aquifer to pumping is complicated. Once a
cone of depression forms, it naturally decreases the aquifer thickness and
transmissivity because the upper boundary of the aquifer is the water table.
Also the way in which water comes out of storage in the aquifer changes
with time. At early time, when the well is first turned on, water is released
from storage due to compression of the matrix and expansion of the water.
This response is the same Theis behavior that applies to confined aquifers.
Thus, early-time/ drawdown data, plotted on log-log graph paper, follow the
Thesis-type curve. Storativity values would be comparable to those for
confined aquifers, 10-% or 10-5.

As pumping continues, water comes from the slow gravity drainage of water
from pores as the water table falls near the well. The pattern of drawdown
depends on the vertical and horizontal hydraulic conductivity and the
thickness of the aquifer. Once this delayed drainage begins, drawdown data
deviate from the Theis curve. The drawdown is less than expected,
resembling the pattern of drawdown in a leaky aquifer. Eventually, the
contribution of water from delayed drainage ceases. Flow in the aquifer is
mainly radial, and drawdown/time data again fall on a Theis-type curve.
The storativity of the aquifer now is the same as the specific yield (Sy). The
specific yield is the ratio of the volume of water that drains from a rock or
sediment by gravity to the volume of the rock or soil.

Calculation of drawdown by correcting estimate for a confined aquifer

S’=S-S2/2b. i (1)
Where S is the drawdown for the unconfined aquifer and s’ is the drawdown

for the equivalent confined Aquifer
Following methodology is adopted to  determine of hydraulic parameter
using distance drawdown method taking following steps
[. Calculate the corrected drawdown using Eq.(1)
II. Plot corrected drawdown s’ against r on semi-log graph paper
[II. Approximate the curve s’ versus log(t) with straight line

IV. Determining hydraulic parameter using following Equation
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Values of drawdown versus time are plotted on semi-log paper in Figure
5.30 and Figure 5.31 The plots reflect the three types of drawdown response
that has been described in the introduction. At early time, the aquifer
behaves as though it is confined with data falling along a straight line. At
some intermediate time, it deviates from this straight line due to delayed
gravity drainage. At late time, data again follow a straight line as the aquifer
exhibits a Theis-type response with S equivalent to Sy Figure 5.29. The
transmissivity and specific yield of the aquifer are determined by fitting a
straight line through the late-time data. The early-time response provides

another estimate of transmissivity, and a confined storativity value for the

aquifer can be obtained.
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Figure 5.29 : Drawdown (s)versus time data (t) for aquifer test
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Figure 5.30 : Drawdown vs time curve for observation well-1 at Beledi
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Figure 5.31 : Drawdown vs time curve for observation well-2 at Beledi
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Table 5.12: 1st Pumping Test Result of Kangsabati River

BLOCK: PURULIA I; RIVER: KANGSABATI
MAIN WELL OBSERVATION WELL
SL PARAMETE | GPS Location Of | Radius Of | DISCHARG | OBSERVATION PARAMETERS
NO. LOCATION R the Main Well Influence E (m3/hr) WELL NO.
Transmissiv (m) Transmissivity Storativity
ity (m?/day) (m2/day)
1. Near Beldi 400 119 10 Obs-1 366 1.25 % 103
Bridge N 23°1929.50” Obs-2 338 4.98x 10-4
, E 86°17°34.19” Obs-3* 324 4.05x 10-4
(Purulia-I Elevation- 223 Obs-4* 305 381x 10-4
block) 719 141 18 Obs-1 610 2.28 x 103
Obs-2 603 7.36 x 104
Obs-3 588 7.35x 10-4
Obs-4 580 7.25x 10-4
1098 155 25 Obs-1 1372 4.28 x 10-3
Obs-2 844 1.23 x 103
Obs-3* 732 9.15x 10-4
Obs-4* 649 8.11x 10-4

*Observation well-3 constructed in left Bank of the River and Observation well-4 constructed in Right bank of the River

Name Of the Well Maximum Drawdown(m) Recovery Time for different Distance from Main
At different discharge discharge(Minutes) Pumping Well(m)
10(m3/hr) 18(m3/hr) 25(m3/hr) 10(m3/hr) 18(m3/hr) 25(m3/
hr)

Main Well 0.59 0.62 0.70 192 203 206 -
Observation Well-1 0.29 0.36 0.37 182 183 186 50
Observation Well-2 0.20 0.34 0.38 162 183 185 80
*Observation well-3 0.21 0.25 0.29 167 179 187 110
*Observation well-4 0.18 0.22 0.26 169 184 191 120
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School Of Water Resources Engineering

Jadavpur University
Jadavpur, Kolkata
West Bengal

Pumping Test Analysis Report

Project: ABC

Number: 1

Client: XYL

Location: Beledi

Pumping Test: Pumping Test 1

Pumping Well: MW

Test Conducted by: SWRE,JU

Test Date: 5/31/2013

Analysis Performed by: SWRE,JU

Meuman

Analysis Date: S/31/2013

Aquifer Thickness: 6.00 m

Discharge Rate: 10 [m=/h]
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Figure
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Table 5.13 : 2rdPumping Test Result of Kangsabati River

BLOCK: PURULIA I; RIVER: KANGSABATI AND BANDU
MAIN WELL OBSERVATION WELL
SL PARAMETER GPS Location of Radius Of | DISCHARGE | OBSERVATION PARAMETERS
NO. LOCATION Transmissivity the Main Well Influence(m) (m3/hr) WELL NO. Transmissivity Storativity
(m2/day) (m2?/day)
2. Teledi and 316 N-23°1905.23” 55 18 Obs-1 088 0.001236
Satsimulia E-86°18’35.09 Obs-2 659 0.000322
Elevation-224 Obs-3 878 0.000227
Co,nﬂuefrge 4 Obs-4 569 0.000699
E‘.’mt 0 dan u 424 92 32 Obs-1 1035 0.001301
Kg’lfrszr];aﬁ Obs-2 1025 0.000501
Rivef;’ Obs-3 1538 0.000397
Obs-4 1134 0.001418
(Purulia-I
block)

*Observation well-3 constructed in left Bank of the River and *Observation well-4 constructed in Right bank of the River

Name Of the Well Maximum Drawdown(m) Recovery Time for different discharge Distance from Main
At different discharge (Minutes) Pumping Well
18(m3/hr) 30(m3/hr) 18(m3/hr) 30(m3/hr) (m)

Main Well 0.64 1.17 221 315 -
Observation Well-1 0.27 0.40 191 285 50
Observation Well-2 0.28 0.42 202 271 80
Observation well-3 0.24 0.37 207 277 110
Observation well-4 0.19 0.28 193 259 120
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Table 5.14 : 3rdPumping Test Result of Kangsabati River

BLOCK: PURULIA I; RIVER: KANGSABATI
MAIN WELL OBSERVATION WELL
SL LOCATION PARAMETER GPS Location Radius Of DISCHARGE OBSERVATION PARAMETERS
NO. Transmissivity Of the Main Influence (m3/hr) WELL NO. Transmissivity Storativity
(m?2/day) Well (m) (m?2/day)

3. Kotloi 389 70 10 Obs-1 440 0.00055
Obs-2 347 0.000169

(Purulia-I Obs-3 389 0.0001
block) Obs-4 301 0.000155
676 82 18 Obs-1 629 0.000786
Obs-2 609 0.000297

Obs-3 587 0.000152

Obs-4 571 0.000221

1064 169 25 Obs-1 1352 0.00169

Obs-2 849 0.000415

Obs-3 719 0.000186

Obs-4 612 0.000158

*Observation well-3 constructed in left Bank of the River and Observation well-4 constructed in Right bank of the River

Name Of the Well Maximum Drawdown(m) at different Recovery Time for different discharge Distance from Main
discharge (Minutes) Pumping Well (m)
18(m3/hr) 30(m3/hr) 25(m3/hr) 18(m3/hr) 30(m3/hr) 25(m3/hr)

Main Well 0.51 0.67 0.73 195 215 222 -
Observation Well-1 0.31 0.38 0.41 182 195 203 50
Observation Well-2 0.22 0.34 0.39 167 182 193 80
Observation well-3 0.20 0.23 0.28 173 188 201 110
Observation well-4 0.17 0.23 0.29 169 187 195 120
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Table 5.15 : 4t"Pumping Test Result of Kangsabati River

BLOCK: ARSHA; BANDU RIVER:

MAIN WELL OBSERVATION WELL
SL LOCATION PARAMETER GPS Location Radius Of DISCHARGE OBSERVATION PARAMETERS
NO. Transmissivity of the Main Influence(m) (m3/hr) WELL NO. Transmissivity Storativity
(m2/day) Well (m2/day)
4. Joradihi 128 N 23°18°27.48” 50 10 Obs-1 732 0.000916
E 86°17°06.74” Obs-2 744 0.000364
(Bandu) Elevation- 230 Obs-3 878 0.000227
(Arsha Block) Obs-4 891 0.00046
226 85 18 Obs-1 1340 0.001676
Obs-2 1361 0.002328
Obs-3 1583 0.000409
Obs-4 1602 0.000621
296 149 25 Obs-1 1862 0.002328
Obs-2 1831 0.000666
Obs-3 2073 0.000535
Obs-4 2079 0.000537

Observation well-3 constructed in left Bank of the River and Observation well-4 constructed in Right bank of the River

Name Of the Well Maximum Drawdown(m) Recovery Time for different discharge Distance from Main
At different discharge (Minutes) Pumping Well
10(m3/hr) 18(m3/hr) 25(m3/hr) 10(m3/hr) 18(m3/hr) 25(m3/hr) (m)

Main Well 1.26 1.29 1.43 223 231 329 -
Observation Well-1 0.24 0.26 0.32 240 249 261 50
Observation Well-2 0.25 0.27 0.39 245 256 269 80
Observation well-3 0.19 0.22 0.23 248 251 252 110
Observation well-4 0.15 0.18 0.20 242 246 249 120
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Table 5.16 : SthtPumping Test Result of Kangsabati River

BLOCK: ARSHA; RIVER: KANGSABATI

MAIN WELL OBSERVATION WELL
SL LOCATION PARAMETER GPS Location of Radius of DISCHARGE( OBSERVATION PARAMETERS
NO. Transmissivity( the Main Well Influence(m) m3/hr) WELL NO. Transmissivity Storativity
m?/day) (m2/day)

5. Goradag 1867 N-23°19°38.68” 159 42 Obs-1 2490 0.003113
E-86°16’54.80” Obs-2 2134 0.001042
Elevation-229 Obs-3 1867 0.000482
(Arsha Block) Obs-4 1756 0.000907
1825 183 54 Obs-1 2498 0.003123
Obs-2 2636 0.001042

Obs-3 2636 0.000681

Obs-4 2581 0.001

2596 230 65 Obs-1 2528 0.00316
Obs-2 2856 0.001395
Obs-3 2837 0.000738

Obs-4 2712 0.0007

*Observation well-3 constructed in left Bank of the River and *Observation well-4 constructed in Right bank of the River

Name Of the Well Maximum Drawdown(m) Recovery Time for different discharge Distance from Main Pumping

At different discharge (Minutes) Well

42(m3/hr) 54(m3/hr) 65(m3/hr) 42(m3/hr) 54(m3/hr) 65(m3/hr) (m)

Main Well 1.23 1.51 1.93 245 284 324 -

Observation Well-1 0.29 0.31 0.36 210 260 289 50
Observation Well-2 0.26 0.29 032 200 241 273 80
Observation well-3 0.22 0.25 0.28 203 245 279 110
Observation well-4 0.19 0.22 0.24 208 251 272 120
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Table 5.17 : 6thPumping Test Result of Kangsabati River

BLOCK: ARSHA; RIVER: KANGSABATI

MAIN WELL OBSERVATION WELL
SL LOCATION PARAMETER GPS Location of Radius of DISCHARGE OBSERVATION PARAMETERS
NO. Transmissivity( the Main Well Influence (m3/hr) WELL NO. Transmissivity Storativity
m?/day) (m) (m?/day)

Belchari 208 N-23°18’52.64” 32.49 10 Obs-1 737 0.000921

6. E-86°1423.83” Obs-2 749 0.000366
Elevation-248 m Obs-3 871 0.000225

(Arsha Block) Obs-4 896 0.000463

312 13.23 18 Obs-1 1356 0.001695

Obs-2 1368 0.000668

Obs-3 1589 0.00041

Obs-4 1611 0.000832
416 18.65 25 Obs-1 1868 0.002335
Obs-2 1839 0.000898
Obs-3 2077 0.000536
Obs-4 2083 0.000538

*Observation well-3 constructed in left Bank of the River and Observation well-4 constructed in Right bank of the River

Name Of the Well Maximum Drawdown(m) Recovery Time for different discharge Distance from Main Pumping
At different discharge (Minutes) Well
42(m3/hr) 54(m3/hr) 65(m3/hr) 42(m3/hr) 54(m3/hr) 65(m3/hr) (m)
Main Well 1.19 1.23 1.36 221 23 305 -
Observation Well-1 0.25 0.28 0.32 240 245 263 50
Observation Well-2 0.23 0.27 0.30 225 249 261 80
Observation well-3 0.19 0.21 0.26 234 246 258 110
Observation well-4 0.14 0.18 0.21 242 249 253 120
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Table 5.18 : 7thPumping Test Result of Kangsabati River

BLOCK: HURAH; RIVER: KANGSABATI

MAIN WELL OBSERVATION WELL
PARAMETER GPS Location of Radius of DISCHARGE OBSERVATION PARAMETERS
SL LOCATION Transmissivity the Main Well Influence (m3/hr) WELL NO. Transmissivity Storativity
NO. (m)
(m?2/day) (m?/day)
7. Rahamda 158 N 23°15°38.06” 70 10 Obs-1 576 0.00072
Karadoba E 86°2940.25” Obs-2 612 0.000765
Elevation- 207 m

(Hurah Block) Obs-3 637 0.000165

Obs-4 649 0.000168

219 153 18 Obs-1 636 0.000311

Obs-2 644 0.000314

Obs-3 687 0.000177

Obs-4 697 0.00018

*Observation well-3 constructed in left Bank of the River and Observation well-4 constructed in Right bank of the River

Name Of the Well

Maximum Drawdown

Recovery Time for different discharge

Distance from Main Pumping

At different discharge(m) (Minutes) Well
m
10(m3/hr 18(ms3/hr) 10(m3/hr) 18(m3/hr) (m)
)

Main Well 1.70 1.89 301 346 -
Observation Well-1 0.29 0.33 240 267 50
Observation Well-2 0.21 0.25 249 258 80
Observation well-3 0.19 0.22 231 242 110
Observation well-4 0.17 0.20 229 240 120
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Table 5.19 8thPumping Test Result of Kangsabati River

BLOCK: HURAH; RIVER: KANGSABATI
MAIN WELL OBSERVATION WELL
SL PARAMETER GPS Location Radius Of DISCHARGE OBSERVATION PARAMETERS

LOCATION — Of the Main Influence(m) (m3/hr) WELL NO. —— —

NO. Transmissivity Transmissivity Storativity
Well
(m2/day) (m?/day)
8. Kudlung 395 N- 23°16’04.36” 120 18 Obs-1 841 0.001052
E- 86°27°50.69”

Obs- 878 0.00196
(Hurah Block) Elevation-195 s2 2
m Obs-3 912 0.000236
Obs-4 889 0.000193
615 181 30 Obs-1 1569 0.001099
Obs-2 1448 0.001811
Obs-3 1453 0.000375
Obs-4 1389 0.000301

*Observation well-3 constructed in left Bank of the River and Observation well-4 constructed in Right bank of the River

Name Of the Well Maximum Drawdown Recovery Time for different discharge Distance from Main
At different discharge(m) (Minutes) Pumping Well
(m)
25(ms3/hr) 34(m3/hr) 25(m3/hr) 34(m3/hr)

Main Well 0.90 1.07 240 271 -
Observation Well-1 0.24 0.29 198 216 50
Observation Well-2 0.21 0.23 196 210 80
Observation well-3 0.18 0.22 201 213 110
Observation well-4 0.16 0.20 204 216 120
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Table 5.20 : 9thPumping Test Result of Kangsabati River

BLOCK: HURAH; RIVER: KANGSABATI

MAIN WELL OBSERVATION WELL
SL LOCATION PARAMETER GPS Loc.ation of Radius of DISCHARGE OBSERVATION PARAMETERS
NO. Transmissivity the Main Well Influence (m3/hr) WELL NO. Transmissivity Storativity
(m2/day) (m) (m2/day)
9. Jambad 420 N- 23°16’04.36” 141 10 Obs-1 689 0.00086
E- 86°27°50.69” Obs-2 719 0.00035
(Hurah Block) Elevation-195 m Obs-3 340 0.00022
Obs-4 829 0.00036
538 158 18 Obs-1 1204 0.00151
Obs-2 1188 0.00058
Obs-3 1486 0.00038
Obs-4 1537 0.00067
1036 199 25 Obs-1 1335 0.00167
Obs-2 1401 0.00068
Obs-3 1373 0.00036
Obs-4 1416 0.00062
*Observation well-3 constructed in left Bank of the River and Observation well-4 constructed in Right bank of the River
Name of the Well Maximum Drawdown(m) Recovery Time for different discharge Distance from Main Pumping
At different discharge (Minutes) Well
10(m3/hr) 18(m3/hr) 25(m3/hr) | 10(m3/hr) 18(m3/hr) 25(m3/hr) (m)

Main Well 0.96 1.19 1.29 219 263 302 -
Observation Well-1 0.27 0.3 0.36 181 196 210 50
Observation Well-2 0.25 0.28 0.32 179 193 203 80
Observation well-3 0.2 0.25 0.3 183 199 209 110
Observation well-4 0.17 0.22 0.27 191 202 219 120
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Photo 5.10 :Lowering of Casing pipe
near Beldihi bridge

Photo 5.12 : Pumping test photographs
in Near Beldihi bridge well

Photo 5.15 : Lowering of strainer
during Boring operation at Joradihi pipe during at Joradihi
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Photo 5.16 : Measuring discharge and Photo 5.17 : Measuring Discharge
sensor setup Trough Ultra sonic flow meter

Photo 5.18 : Observation of water
table by the help of TLC meter Kudlung
Karadoba

Photo 5.20 : Water table measurement Photo 5.21 : Boring operation in
by the help of TLC meter at Teledihi kudlung
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Damodar River

Litho logical Survey

In this section, the important role of geophysical investigation carried out
under this study has been demonstrated as a basis for selection of probable
suitable sites adjacent to river as well as underneath the river bed. The
individual block wise of slim bores of three blocks of Purulia district of
Damodar river delineated in Map 7.5, Map 7.6 and Map 7.7 have been
represented by the symbol “B”. The borehole module of GMS 6.0
(Groundwater Modeling System) was used to visualize boreholes depicted by
chainage covering longitudinal and transverse section with left and right
bank of the river created from drilling logs including plan view, 3-D view and
hydro-geological features (see Figs. 7.8 (A) to 7.8 (V), 7.9 (A) to 7.9 (V) and
7.10 (A) to 7.10 (B). In the river Damodar, slim bores in different cross
sections 0.5 km apart with a total distance of 10.5 km for both upstream
and downstream covering three blocks namely Santuri, Neturia, and
Raghunathpur-2 of Purulia district were drilled. The respective cross
sectional slim bores are represented graphically below where the colour
coding of the borehole logs are shown along with the cross sections. While
naming the bores, a pattern has been followed e.g. B1-3 stands for slim bore
no. 3 from Purulia side at cross section no. 1 which in terms represents the
cross section 0.5 km apart from the starting cross section (BO) at each
block. In case of Raghunathpur 2 block, due to presence of water over the
full stretch of the river throughout the year, slim boring was not possible to
carry out along the cross sections. In this regards only at the right bank side

of the river a few boreholes were drilled.

In case of Damodar river, three sites of Purulia district have been considered

and depicted in Table 5.21.
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Table 5.21 : List of site of slim bores of Damodar river

Sl. No. | Name of the site Name of Block Distance covered
during survey

Site-1 | Deoli to Chinakuri Saturi 10.5 km
village

Site-2 | Chinakuri to Neturia 10.5 km
Narayanpur village

Site-3 | Sethpalash to Ichar Raghunathpur-2 10.5 km
village

The first catchment area was chosen from Deoli to Chinakuri village situated
of Saturi block with 10.5 km covering 10 km towards upstream and 0.5 km
towards downstream. Similarly, the other two sites were chosen for two
other blocks namely Neturia and Raghunathpur-2 of Purulia district and
highlighted in Table 7(b). Based on these selected sites the physical survey,
velocity measured at different cross-section, slim bored at 0.5 km interval
covering a total distance of 10.5 km of each site. Each site was covered for
three pumping wells along with three observations wells of each pumping
well. Pumping test of main well with three observation wells has been
carried out of two sites where the thickness of sand layer received the higher
value. The third site namely Ragunathpur 2 block could not be considered
for pumping test as because the entire catchment area has sufficient surface
water volume and thus result no pumping test was conducted. The pumping
test was conducted for a shorter and longer period having 24 hrs and 72 hrs
respectively. The drawdown data have collected from different wells and the
data were plotted in the semi-log paper to estimate the aquifer parameters.
Since the aquifer is semi-confined or unconfined in nature, so the aquifer
parameters such as Transmissivity (T), Specific yield (Sy), Confined
storativity (S), co-efficient of permeability (K) have been determined by using
Neuman’s Straight Line and the same value has been obtained by using
internet based software with the same input. In this case, two types of
straight line were observed, the first one is early response time and the
second one is late response time. In the late response time region, it usually
found T and Sy whereas in early response time region it could obtain

confined storativity (S).
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Figure 5.36 : Locations of Slim boring at Neturia Block, Purulia (Site-2)
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151



Figure 5.38 : Locations of slim bore at Raghunathpur 2 block, Purulia (Site-3)




Y ordinate: 1 in 100 (m)
Z ordinate: 1 in 1 (m)

Section:1 Chainage-0-10 KM (Left Bank)

=]
S
=]
=]

B16-0 B200

D

Ane Lo
o

oY
5
(o]
59
ag
S 4

o

S H
[33=)
S
09
S
04
S
[el=|

Materials
Fine to medium sand yellowish colour

Medium sand greyish colour

Medium to fine sand greyish colour

Coarse sand with small size gravels
Sandy clay
Medium sand yellowish colour
Coarse sand greyish colour
i—v Coarse to medium sand greyish colour

Sticky clay

Figure 5.39 : Litholog structures at Raghunathpur 2 block (site 3)
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Hydrological Testing for Damodar River

To adjudge various hydrological parameters, long duration pumping test
were carried out 48 hrs and 72 hrs respectively. In the first occasion step
drawdown test was conducted at variable discharges of 25, 30 and 44 m3/hr
respectively. During the variable discharges, unsteady conditions of aquifer
were noticed. After cessation of pumping, recuperation test was also carried
out in the main has also from two and three in some cases observation
wells. Accordingly, the piezometric level data as obtained from the main as
well as the observation wells were plotted in semi-log and log-log papers as
opined by various proponents in groundwater hydrology like Thies, Cooper
and Jacob and Chow. The data plots and their matching with the master
curves has facilitated the determination of various aquifer parameters like
hydraulic conductivity (K), Transmissivity (T), Storativity (S)/specific yield
(Ss) etc. The data plots are presented in Figure 5.41 (below).
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Figure 5.41: Time vs duration curve
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The cone of depression with respect to the maximum discharge of 44 m3/hr
for which testing was carried out in the area is found 257 m. The
drawdownversus yield are shown in Table 5.23,Table 5.24,Table 5.25,Table
5.26, and Table 5.27, From the above pumping studies, it was seen that a
long duration pumping tests with another or more observation wells would
have been more appropriate to adjudge the actual potentiality of the aquifer
and its influence on the static water levels in the perspective of future

projected scenario.
1st pumping test

Here Neuman’s Straight-Line Method is used to determine the hydraulic
parameters. The transmissivity and specific yield of the aquifer are
determined by fitting a straight line through the late-time data. The early-
time response provides another estimate of transmissivity, and a confined
storativity value for the aquifer can be obtained in Pumping rate, Q= 25

m3/hr. Observation well-1 is 35 m away from the pumping wellFigure 5.42.
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Figure 5.42 : Drawdown(s) versus time (t) data plotted on a semi-log scale.
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Straight line fitted through the data as shown from the basis for the
calculation of hydraulic parameters.

The transmissivity of the aquifer,

2.3 2.3=(253=x24)
— 229 _ 25534 - 1569.609 m2/day
4llAs  4T1(0.084—0.014)

The specific yield is

2.25Ttgy  225x1585.605 x(85x—)

s — - w2 = 0,13

¥ z 352

The confined storativity,

1
_ 2.25Tt,. _ 2.25 X 1569.609 X (7 X 13105) —oois
7l 352 '

The calculation for the rests observation well for different discharges and
different distances from the pumping well are same as above.
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Figure 5.43 : Drawdown vs. time for observation well 2 in 1st pumping test
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Drawdown (m)

For pumping rate, Q= 44 m3/hr.
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Figure 5.48 : Drawdown vs. time for observation well 1 in 1st pumping test
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Figure 5.49 : Drawdown vs. time for observation well 2 in 1st pumping test
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Table 5.22 : Summarized results for 1st pumping test in Damodar river

Name of | Radial distance | Discharge Maximum Transmissivity Specific Confined
the well from the rate Drawdown yvield storativity
pumping well (m2/day)
(m3/hr.) (m)
(m)

Obs-1* 35 0, 00%= 1569.600 0.130 0.014
Obs-2 65 25 0.085 1308.007 0.007 0.003
Obs-3 90 0.04 1716.759 0.029 0.003
Average values for discharge rate 25m3/hr. 1531.458 0.056 0.006
Obs-1 33 0.054 1433.121 0.11 0.035
Obs-2 B3 30 0,082 2324.413 0.011 0.004
Obs-3 =y 0,025 387T.837 0.086 0.002
Average values for discharge rate 30m3/hr. 2555.13 0.06 0.014
Obs-1 32 0,09 1790.317 0.137 0.017
Obs-2 65 44 0.085 3021.497 0.026 0.003
Obs-3 = 0.029 4716.453 0.0819 0.002
Average values for discharge rate 44m3/hr. 3176.165 0.088 0.007
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2nd Pumping Test in Damodar river

For pumping rate, Q= 25 m3/hr.
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Figure 5.51 : Drawdown vs. time for 2rd Pumping Test

Table 5.23: Summarized results for 2nrd pumping test in Damodar river
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Name Radial distance Diacharge Ma=imum Transmissivity Specific Confined
of the from the rate drawdown (m2/day) yield storativity
well pumping well (m3/hr.) (m)
(m)

Obs-1* 35 0.046
1649.739 0,159 0.015

Obs-2 0.042
65 29 2154.365 0.041 0.006

Obs-3 an 0,039
2441.614 0.035 0.004
Average values for discharge rate 25m3/hr. 2081.906 0.089 0.008

Obs-1 35 0.060
1569.609 0.15 0.040

Obs-2 0.034
65 30 2690.758 0.035 0.006
2197.452 0,035 0.007
Average values for discharge rate 30m3/hr. 2152.606 0.084 0.018
2197.432 0.174 0.043

Obs-2 0,064
63 4 2029.936 0.053 0.028
3170.,095 0,049 0,007
Average values for discharge rate 44m3/hr. 2765.828 0.091 0.026

*Obs- Observation well
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31 Pumping Test
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Figure 5.52 : Drawdown vs. time for 2nd Pumping Test




Table 5.24 : Summarized results for 37 pumping test in Damodar river

Name Radial distance Discharge Maximum Transmissivity Specific Confined
of the from the rate drawdown (m=/day) yvield storativity

well pumping well (m2/hr.) (m)

(m)

Obs-1* | 35 0.046 2242.208 0.143 0.026
Obs-2 | g5 25 0.038 2616.015 0.068 0.007
Obs-3 | gg 0.045 2746.815 0.021 0.008
Average values for discharge rate 25m3/ hr. 2535.043 0.077 0.014
Obs-1 | 35 0.060 2535.522 0.113 0.012
Obs-2 | g5 30 0.047 2096.526 0.044 0.002
Obs-3 | gg 0.045 3066.212 0.028 0.009
Average values for discharge rate 30m2/hr. 2866.087 0.062 0.008
Obs-1 | 35 0.070 3718.765 0.104 0.014
Obs-2 | g5 44 0.056 3515.923 0.057 0.003
Obs-3 | gg 0.044 4716.482 0.036 0.012
Average values for discharge rate 44m3/hr. 3983.724 0.066 0.010

*Obs- Observation Well
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4th Pumping Test

For pumping rate, Q=25 m3/hr.
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Figure 5.53 : Drawdown vs. time for 2rd Pumping Test
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Table 5.25 : Summarized results for 4th pumping test in Damodar

Name Radial distance Discharge Ma=imum Transmissivity Specific Confined

of the from the rate drawdown (m2/day) vield storativity
well pumping well (m3/hr.) (1)
(m)

Obs-1* | 35 0.031 2746.815 0.280287 | 0.035036
Obs-2 63 23 0.025 2712.904 0.0902946 0.00602
Obs-3 90 0.026 3032.017 0.032986 0.001472
Average values for discharge rate 25m3/hr. 2837.245 0.14119 0.014176
Obs-1 33 0.037 3066.212 0.273769 0.0625706
Obs-2 63 30 0.033 2996.326 0.088633 0.002216
Obs-3 90 0.036 2566.242 0.040915 0.00387
Average values for discharge rate 30m?/hr. 2976.327 0.134446 0.022887
Obs-1 33 0.043 3222.93 0.369979 0.032887
Obs-2 63 44 0.038 3069.437 0.102164 0.009051
Obs-3 90 0.049 3021.497 0.0324357 0.002914
Average values for discharge rate 44m?/hr. 3104.628 0.174867 0.014961

*Obs- Observation Well
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Table 5.26 : St"Pumping in Damodar river

: BLOCK: NITURIA; RIVER: DAMODAR

MAIN WELL OBSERVATION WELL
SL PARAMETER GPS Radius Of | DISCHARG | OBSERVATIO PARAMETERS
NO. LOCATION | Transmissivit | Location Of | Influence E N WELL NO. Transmissivit Storativity
y (m?/day) the Main (m) (m3/hr) y
Well (m?/day)
5 989.8433 30.35 25 OBS-1 1569.609 0.009162
OBS-2 1464.968 0.000715
OBS-3 6867.038 0.001774
1187.812 40.03 30 OBS-1 5273.885 0.006592
OBS-2 1757.962 0.000858
OBS-3 8789.809 0.00227
1742.124 100.01 44 OBS-1 7735.032 0.009669
OBS-2 2578.344 0.001259
OBS-3 12085.99 0.003121
*Observation well-3 constructed in left Bank of the River
Name Of the Well Maximum Drawdown(m) Recovery Time for different discharge Distance from Main
At different discharge (Minutes) Pumping Well
25(m%/hr) | 30(m%/hr) | 44(m3/hr) | 25(m3/hr) | 30(m3/hr) | 44(m?3/hr) (m)

Main Well 0.569 0.57 0.575 225 248 302 -
Observation Well-1 0.051 0.058 0.07 221 246 307 35
Observation Well-2 0.107 0.155 0.162 243 253 261 65
Observation Well-3 0.045 0.047 0.049 229 237 259 90
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Table 5.27 : 6thPumping test in Damodar river

BLOCK: SATURI; RIVER: DAMODAR

MAIN WELL OBSERVATION WELL
SL PARAMETER GPS Radius Of | DISCHARGE | OBSERVATION PARAMETERS
NO. LOCATION | Transmissivit | Location Of | Influence (m3/hr) WELL NO. Transmissivity Storativity
y the Main (m) (m2/day)
(m?/day) Well
6 1831.21 186 25 OBS-1 1569.609 0.001962
OBS-2 1426.917 0.000697
OBS-3 6867.038 0.001774
976.6454 191 30 OBS-1 5732.885 0.006592
OBS-2 1734.831 0.000847
OBS-3 8789.809 0.00227
1137.505 205 44 OBS-1 7735.032 0.009669
OBS-2 1807.25 0.000882
OBS-3 12085.99 0.003121
*Observation well-3 constructed in left Bank of the River
Name Of the Well Maximum Drawdown Recovery Time for different discharge Distance
At different discharge(m) (Minutes) from
25(m%/hr) | 30(m%/hr) | 44(m?3/hr) 25(m?3/hr) 30(m?3/hr) 44(m3/hr) Pu“ﬁf;?ng
Well
(m)
Main Well 0.569 0.574 0.581 209 233 293 -
Observation Well-1 0.052 0.08 0.081 231 244 249 35
Observation Well-2 0.157 0.162 0.163 236 239 250 65
Observation Well-3 0.044 0.048 0.05 260 271 273 90
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5.3. Recharge Dynamics and River Profile Survey

Stream geomorphology or river profile that is, the topography and sediment
distribution within the stream channel, the occurrence of pools, riffles,
channel-bars, alcoves, etc., exerts a major control not only on the stream
flow itself, , and also on the spatial distribution and dynamics of
groundwater flows underneath and near the stream. Stream geomorphology
also is a critical factor in understanding stream ecology. A complete map of
the current Stream River System geomorphology and a monitoring system to
record its dynamics are therefore essential for understanding groundwater —
surface water interactions. To evaluate cross-sections of the River main stem
have been mapped as part of an effort to create a geomorphic indexing
system. GIS maps depict the Kangsabati and Damodar River basins, along
its main stem and Bandu river tributary of Kangsabati river basin. The
following field work is carried out support of not only better understanding
Yield of the river System, but especially to better understand groundwater —
surface water interaction, recharge dynamics of these rivers. Table
5.28,Table 5.29,Table 5.30and show the details location of river bed with
respect to GPS reference and also its elevation, left bank and right Banks
side slopes, river width and chainage point from survey starting point to
ending points in Kangsabati and Bandu River in Purulia-I, Hura, Arsha
Block in Purulia District. Figure 5.54. show map of Study area where
different hydro-geological investigation has been done. Figure 5.56 Maps also
indicating the starting point, confluence point of Kangsabati and Bandu
river with respect to GPS location. Figure 5.55,Figure 5.57, and Figure 5.58shows
the 3-d Surface model of River bed profile of Kangsabati and Bandu river in
different blocks. Table 5.31 shows the cross-sectional discharge calculation in

Kangsabati river in different blocks.

Figure 5.59 and Error! Reference source not found. shows the graph of
mean velocity along the distance of Purulia-I block Starting from Kotloi and
mean velocity along the distance in Bandu River. In Hura block continuous
surface flow had not been observed during survey period. Similarly in

Damodar River Table 5.32, Table 5.33,and Table 5.34 Show the details location of
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river bed with respect to GPS reference and also its elevation, left bank and
right Banks side slopes, river width and change point from survey starting
point to ending point in Damodar river Santuri, Nituria and Raghunathpur -
IT block Figure 5.60,Figure 5.62 and Figure 5.64 shows the Maps of different cross
section of 500 meter interval in Damodar River in Santuri, Nituria, and
Raghunathpur-2 Block. Figure 5.61, Figure 5.63 and Figure 5.65shows the 3-d
Surface model of River bed profile in above mention Three blocks in
Raghunathpur sub-division. Table 5.35 shows the sectional discharge
calculation in different yield testing point of Damodar river basin. In Table
5.36 Section shows the Velocity and DO profile data of different cross-section
of Damodar River Basin in Santuri, Neturia and Raghunath Purulia-I blocks
of Purulia district. Figure 5.66 depict the location of the sampling point and

Figure 5.67 and Figure 5.68 shows the graphs of DO and Velocity profuile.

River profile of Kangsabati River
The purpose of this survey is to provide information on how the flow and

chemistry of the main rivers change along their length. This, in turn,
provides information regarding groundwater recharge processes. The survey
should be timed such that the rivers are not in flood and yet such that there
is discernible flow along the majority of the length of the rivers. Following

observation are taken in for river profile survey.

e GPS location (digital latitude and longitude), and marking manually
on map and village and district name. Digital photographs of the river
channel (upstream and downstream views), and record date and time
of photo. Description of the river at this point — single deep channel,
many shallow channels etc.

e Width of flowing river channel and its depth at the centre of the
channel and velocity of water in centre of channel (m/s). Estimate flow
rate of river

e Water temperature, electrical conductivity and pH, using field meters.

e use of the river water (human drinking water, livestock, irrigation) e
Record land use in area. * Record any major changes in flow since the

previous (upstream) station * Take water samples, as indicated be
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Table 5.28 : The cross-sectional River Profile of Kangsabati in Hura Block

GPS ID Left bank side Right bank side
Chain slope slope
C/s Elev Width . . (Indirection Of
Latitud | Longitud age (Indirection Of .
No ation (m) . . River Flow
e (N) e (E) (km) River Flow i.e. .
(m) Hura Block) i.e.Puncha
Block)
ds- 23°15'0 | 86°31'13. Ds-
500 9.83" 99" 182 500 83 0.04 0.06
cs-0 23°15'0 | 86°30'57. 108.6
4.50" 65" 185 0 7 0.0148 0.0297
cs-1 23°14'5 | 86°30'40. 114.3
3.80" 87" 183 0.5 4 0.0466 0.0555
cs-2 23°14'5 | 86°30'26.
7 35 26" 187 1 84.43 0.0669 0.0206
cs-3 23°15'1 | 86°30'17.
1.10" 20" 186 1.5 80.05 0.0456 0.1231
cs-4 23°15'2 | 86°30'10.
6.38" 68" 188 2 87.35 0.0925 0.0889
cs-5 23°15'2 | 86°29'56.
6.44" 19" 186 2.5 94.48 0.0671 0.0416
cs-6 23°15'1 | 86°29'43. 133.6
538" 64" 190 3 1 0.0869 0.0223
cs-7 23°15'2 | 86°29'32.
5 75 11" 188 3.5 98.61 0.023 0.0591
cs-8 23°15'4 | 86°29'27.
168" 49" 190 4 87.83 0.0516 0.1169
cs-9 23°15'5 | 86°29'15.
5.24" 70" 192 4.5 98.57 0.0445 0.0524
cs-10 | 23°15'4 | 86°28'59. 128.4
8.18" 66" 191 5 3 0.1 0.0418
cs-11 | 23°15'5 | 86°28'43.
5.07" 03" 192 5.5 79.66 0.0449 0.076
cs-12 | 23°15'4 | 86°28'26. 118.3
333" 47" 191 6 3 0.1158 0.0792
cs-13 | 23°15'3 | 86°28'13. 123.3
3.86" 54" 191 6.5 3 0.0956 0.0496
cs-14 | 23°15'5 | 86°28'05.
0.94" 48" 195 7 93.89 0.0892 0.1017
cs-15 | 23°16'0 | 86°28'03. 128.3
4.59" 99" 197 7.5 5 0.0636 0.053
cs-16 | 23°16'0 | 86°27'47.
524" 33" 195 8 91.87 0.0406 0.0342
cs-17 | 23°15'5 | 86°27'30.
9.50" 46" 194 8.5 125.9 0.0735 0.057
cs-18 | 23°16'0 | 86°27'13. 137.6
6.67" ’8" 194 9 5 0.0506 0.0659
cs-19 | 23°16'2 | 86°27'06. 102.0
0.54" 31" 196 9.5 6 0.0747 0.0215
cs-20 | 23°16'2 | 86°26'57.
379" 31" 195 10 91.56 0.0503 0.0196
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Figure 5.54 : The cross-sectional Map of Kangsabati River In the Hura Block
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Figure 5.55 : Kangsabati river bed profile in Hura Block
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River profile of Kangsabati in purulia Block

Table 5.29 : The cross-sectional river profile of Kangsabati in Purulia-I Block

C/S ' atitide [Tongitide [ Elevatio | e ©| Wth | ndifection Of River Flow | (Indirection Of River
(N) ﬁ.:) n (m) (km) i.e. Arsha Block) low i.e.Arsha Block)
ds-500 | 23°17'57.72" | 86°19'34.57" 216 Ds-500 159 0.03 0.01
cs-0 23°17'57.72" | 86°19'34.57" 216 0 185.94 0.0867 0.0121
cs-1 23°18'09.89" | 86°19'46.33" 221 0.5 104.8 0.0298 0.0259
cs-2 23°18'22.17" | 86°19'35.95 217 1 160.7 0.0507 0.0219
cs-3 23°18'28.19" | 86°19'19.48" 218 1.5 169.87 0.0298 0.0394
cs-4 23°18'43.41" | 86°19'13.12" 220 2 167.78 0.0276 0.0256
cs-5 23°18'57.46" | 86°19'04.56" 221 2.5 121.97 0.0099 0.0276
cs-6 23°18'56.97" | 86°18'47.38" 221 3 158.25 0.0449 0.0385
cs-7 23°19'11.93" | 86°18'38.80" 223 3.5 82.4 -0.0269 0.0182
cs-8 23°19'19.77" | 86°18'24.64" 225 4 81.55 -0.0158 0.0525
cs-9 23°19'14.54" | 86°18'07.31" 222 4.5 139 0.0327 0.0308
cs-10 23°19'13.54" | 86°17'49.02" 225 5 138.27 0.0148 0.0414
cs-11 23°19'20.85" | 86°17'34.60" 224 5.5 119.5 0.008 0.0917
cs-12 23°19'34.92" | 86°17'28.33" 225 6 109.58 -0.0068 0.0269
cs-13 23°19'38.33" | 86°17'11.78" 226 6.5 76.39 -0.0266 0.0285
cs-14 23°19'50.35" | 86°16'59.80" 226 7 90.65 0.0236 0.0152
cs-15 23°19'59.66 86°16'47.00" 224 7.5 102.6 0.0153 0.0181
cs-16 23°19'53.46" | 86°16'30.61" 230 8 199.96 0.0179 0.0668
cs-17 23°19'56.35" | 86°16'13.86" 229 8.5 100.12 0.0234 0.0169
cs-18 23°20'07.69" | 86°16'01.03" 231 9 115.97 0.0696 0.0259
cs-19 23°20'20.91" | 86°15'50.62" 230 9.5 181.73 0.0243 0.0207
cs-20 23°20'29.99" | 86°15'36.33" 234 10 39.44 0.0139 0.0326
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River profile of Bandu River
Table 5.30 : The cross-sectional River Profile of Bandu River in Arsha Block

Left bank side slop

Right bank side

C/S GPS ID Chainage Width (Indirection Of River Flow slop((Indirection Of River
Latitude(N) Longitude(E) | Elevation (m) (km) (m) i.e. Arsha Block) Flow i.e. Arsha Block)
1 23°19°05.89~ 86°18°34.24” 222 DS 500 83.22 0.032 0.023
2 23°18752.24~ 86°18°26.65™ 224 0 50.45 0.02 0.032
3 23°187°42.55” 86°18°16.85™ 226 0.5 115 0.02 0.016
4 23°18°43.87” 86°18°01.78™ 229 1 50 0.05 0.04
S 23°18°39.43™ 86°17°45.64™ 228 1.5 68.57 0.01 0.03
9] 23°18726.92” 86°17°37.29” 228 2 213 0.01 0.03
7 23°1823.60” 86°17°20.34™ 230 2.5 111 0.014 0.00854
8 23°18°28.59~ 86°17°01.17~ 231 3 92.39 0.017 0.01
9 23°18719.13~ 86°16°47.75” 236 3.5 103 0.028 0.01
10 23°18°17.87” 86°16°26.87" 235 4 126.80 0.013 0.015
11 23°18°09.58™ 86°16°13.29™ 239 4.5 75.16 0.012 0.03
12 23°18°20.03™ 86°16°01.427 236 S 248 0.00746 0.0076
13 23°1826.02~ 86°15°43.627 239 5.5 102.88 0.00925 0.011
14 23°187°18.29~ 86°15729.10~ 240 6 101 0.021 0.02
15 23°18712.19~ 86°15°16.36™ 242 6.5 104 0.00595 0.00558
16 23°18°23.49~ 86°15°07.38” 242 7.0 262 0.0124 0.0245
17 23°18°35.15™ 86°14°58.17" 246 7.5 130 0.0210 0.0408
18 23°18°45.24~ 86°14°49.53” 245 8.0 87 0.027 0.045
19 23°18°54.70” 86°14°34.77" 246 8.5 82 0.027 0.027
20 23°18°50.99~ 86°14°19.73” 248 9 84 0.012 0.011
21 23°18°52.34” 86°14°05.16™ 246 9.5 68 0.017 0.027
22 23°18°57.93” 86°14°56.57" 250 10 71 0.027 0.047
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Figure 5.56 : River cross section Of Kangsabati River and Bandu River
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Figure 5.57 : River Bed profile of Bandu River in Arsha Block
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Figure 5.58 : River Bed profile of Kangsabati River in Purulia-II Block

178



Recharge Dynamics of Kangsabati River

The sectional discharge has been calculated based on hydraulic head, Transmissibility and the length of the section
for each production well as depicted in table 5.31 The transmissibility has been found by running 72 hrs pumping
operations for different wells.

Table 5.31 : Sectional discharge calculation of Kangsabati River

WELL

K-3

K-4

K-5

K-6

Discharge
(Pump)
(m3/hr)

25

32

25

65

18

30

DRAWDOWN

(m)

0.7

1.17
1.43
1.93

1.89

1.07

Transmissivity

(T)

(m2/day)

1372

1538

2073

2856

1205

1569

Hydraulic

gradient

(i)

0.012182

0.005697
0.004308
0.008154

0.006727

0.012364

Length of

the

section

(m)

160

130
152
240

==

185

Discharge
(Sectional)

(m3/Day)

2674.153

1139.058
1357.434
5589.078

1256.486

3588.731

Discharge
(Sectional)

(m3/hr)

111.423

47.46076
56.55973
232.8782

52.3536

149.5305



Section Wise Velocity and DO Profile

Velocity profiles of 10 km upstream from 0-O Reference point set at Kotloi
Village shown in Figure: 5.59.maximum velocity found 0.215 m/s.

Velocity profile in different cross-section
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Figure 5.59 : Velocity profile for Kangshabati river
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Photo 5.23 : Measurement of Velocity Photo 5.24 : Mesurement of Velocity
Near Jeledihi in betwwen Beldihi bridge and
Baligara

' = : '
25:R Photo 5.26:River Bed condition at
Kudlung(Hura Block)
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Damodar RiverRiver profile Survey

Table 5.32 : Details information’s for river profile at Santuri Block

Left bank side slop

Right bank side slop

Latitude (N) Longitude (E) El::‘(’::)l ° sS::isosn Ch&:::)‘ge w(lri';h (Indirection Of River Flow i.e. (Indirection Of River
Bardhman and Jharkhand) Flow i.e.Purulia)

23°37'38.11" 86°56'7.95" 82 ds-500 -500 596 0.08 0.064
23°37'38.20" 86°55'49.93" 82 cs-0 0 573 0.09 0.025
23°37'37.97" 86°55'50.18" 82 cs-1 0.5 583 0.06 0.028
23°37'35.67" 86°55'14.82" 82 cs-2 1 432 0.03 0.06
23°37'37.50" 86°54'56.96" 83 cs-3 1.5 494 0.021 0.04
23°37'43" 86°54'39" 88 cs-4 2 579 0.018 0.038
23°37'48.46" 86°54'24.35" 82 cs-5 2.5 638 0.06 0.05
23°37'58.47" 86°54'10.68" 82 cs-6 3 523 0.035 0.032
23°38'10.57" 86°53'59.54" 84 cs-7 3.5 480 0.021 0.04
23°38'25.54" 86°53'51.19" 82 cs-8 4 468 0.01 0.02
23°38'40.59" 86°53'41.85" 84 cs-9 4.5 474 0.03 0.04
23°38'52.60" 86°53'34.00" 87 cs-10 S 573 0.02 0.09
23°39' 2.91" 86°53'21.44" 89 cs-11 5.5 575 0.028 0.028
23°39'10.80" 86°53'35.72" 85 cs-12 6 0647 0.03 0.03
23°39'13.54" 86°52'48.16" 85 cs-13 6.5 452 0.08 0.037
23°39'34.31" 86°52'37.71" 108 cs-14 7 076 0.109 0.03
23°39'16.20" 86°52'12.20" 92 cs-15 7.5 897 0.08 0.05
23°39'23.85" 86°51'58.13" 88 cs-16 8 960 0.01 0.03
23°39'31.99" 86°51'42.20" 86 cs-17 8.5 743 0.057 0.04
23°39'44.76" 86°51'32.26" 87 cs-18 9 598 0.10 0.10
23°39'59.36" 86°51'23.02" 87 cs-19 9.5 545 0.05 0.06
23°40'13.70" 86°51'13.60" 88 cs-20 10 542 0.02 0.08
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Figure 5.60 : The Profile Map of Santuri Block

Figure 5.61 : River profile of Santuri block
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Table 5.33 : Details information’s for river profile at Nituria Block

Left bank side slop

Right bank side

Latitude(N) Longitude(E) Ele;rrit;ion sg::isosn Cl'l(z;:;a;ge Width(m) (Indir?ction Of River Flow §lop((lndir.ection 0.f
i.e. Bardhman ) River Flow i.e.Purulia)

23°37'37.11" 86°56'7.95" 82 ds-500 -500 596 0.08 0.064
23°37'38.20" 86°55'49.93" 82 cs-0 0 573 0.09 0.025
23°37'37.97" 86°55'50.18" 82 cs-1 0.5 583 0.06 0.028
23°37'35.67" 86°55'14.82" 82 cs-2 1 432 0.03 0.06
23°37'37.50" 86°54'56.96" 83 cs-3 1.5 494 0.021 0.04
23°37'43.36" 86°54'39" 88 cs-4 2 579 0.018 0.038
23°37'48.46" 86°54'24.35" 82 cs-5 2.5 638 0.06 0.05
23°37'58.47" 86°54'10.68" 82 cs-6 3 523 0.035 0.032
23°38'10.57" 86°53'59.54" 84 cs-7 3.5 480 0.021 0.04
23°38'25.54" 86°53'51.19" 82 cs-8 4 467.89 0.01 0.02
23°38'40.59" 86°53'41.85" 84 cs-9 4.5 474 0.03 0.04
23°38'52.60" 86°53'34.00" 87 cs-10 5 573 0.02 0.09
23°39' 2.91" 86°53'21.44" 89 cs-11 5.5 575 0.028 0.028
23°39'10.80" 86°53'35.72" 85 cs-12 6 647 0.03 0.03
23°39'13.54" 86°52'48.16" 85 cs-13 0.5 452 0.08 0.037
23°39'34.31" 86°52'37.71" 108 cs-14 7 676 0.109 0.03
23°39'16.20" 86°52'12.20" 92 cs-15 7.5 897 0.08 0.05
23°39'23.85" 86°51'58.13" 88 cs-16 8 960 0.01 0.03
23°39'31.99" 86°51'42.20" 86 cs-17 8.5 743 0.057 0.04
23°39'44.76" 86°51'32.26" 87 cs-18 9 598 0.1 0.1
23°39'59.36" 86°51'23.02" 87 cs-19 9.5 545 0.05 0.06
23°40'13.70" 86°51'13.60" 88 cs-20 10 542 0.02 0.08
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Figure 5.62: The Cross section Map of Nituria Block

Figure 5.63 : Nituria River Bed Profile
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Table 5.34 : Details information’s for river profile at Raghunathpur-2 Block

Left ':“l‘;‘: side | Right bank side
Latitude(N) Longitude(E) Ele;r::;ion sgz:isosn Ch(all{i::la).ge Width(m) (I{ldirection. of dg?“;;ii:;‘;zi‘:’m

River Flow i.e. . .

Bardhman ) i.e.Purulia)

23°38'09.36 86°34'00.33 129 ds-500 0 119.96 0.03 0.013
23°38'24.63 86°33'53.97 127 cs-0 0.5 1031.41 0.037 0.008
23°38'38.13 86°33'41.57 130 cs-1 1 2024.7 0.025 0.007
23°38'31.31 86°33'24.92 130 cs-2 1.5 1695.23 0.041 0.011
23°38'27.28 86°33'07.35 129 cs-3 2 1471.55 0.01 0.008
23°38'20.68 86°32'51.71 127 cs-4 2.5 939.39 0.04 0.011
23°38'11.12 86°32'37.00 128 cs-5 3 925.11 0.024 0.041
23°38'02.52 86°32'21.97 127 cs-6 3.5 666.72 0.016 0.004
23°37'58.03 86°32'04.82 126 cs-7 4 984.06 0.021 0.003
23°37'54.79 86°31'46.86 128 cs-8 4.5 1153.41 0.026 0.0074
23°37'54.73 86°31'29.17 127 cs-9 S 778.64 0.047 0.0036
23°37'59.31 86°31'11.91 127 cs-10 5.5 597.45 0.025 0.032
23°38'03.8 86°30'55.15 127 cs-11 6 619.98 0.013 0.059
23°38'09.40 86°30'38.15 128 cs-12 6.5 591.6 0.048 0.057
23°38'14.36 86°30'21.95 127 cs-13 7 707.35 0.03 0.022
23°38'19.8 86°30'05.03 127 cs-14 7.5 688.19 0.011 0.045
23°38'22.7 86°29'47.94 127 cs-15 8 516.36 0.032 0.062
23°38'25.45 86°30'30.34 127 cs-16 8.5 419.92 0.024 0.066
23°38'22.38 86°29'13.65 128 cs-17 9 511.28 0.031 0.075
23°38'23.43 86°28'56.32 128 cs-18 9.5 784.06 0.038 0.054
23°38'21.85 86°28'39.15 128 cs-19 10 911.87 0.028 0.082
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Figure 5.64 : Raghunathpur-II River Bed Profile
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Figure 5.65: River Profile In Raghunathpur-II
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Recharge Dynamics of the river bed

The sectional discharge has been calculated based on hydraulic head,

Transmissibility and the length of the section for each production well as

depicted in Figure 5.39. The transmissibility has been found by running 72

hrs pumping operations for different wells.

Table 5.35 : Sectional discharge calculation of Damodar River

Discha | Discha
Dlscehar DRAWDO | Transmissivity | Hydraulic | Length of the (Slégc?[io (Sggc?cio
WELL (mep) WN (T) gradient section nal) nal)
(me/hr) | ) (m?/day) 0 (m) (m3/D | (m3/hr
ay) )
PWD-1 | 44 0.85 2975 0.02 180 10710 | 446.25
5712.7
PWD-2 | 44 0.85 1831 0.012 260 5 238.03
7401.4 | 308.39
PWD-3 | 44 0.78 2578 0.0174 165 38 33
3881.5
PWD-4 | 44 0.435 2396 0.009 180 5 161.73
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Table 5.36 : Velocity and DO at different Cross-Sections of River Damodar

. Cross GPS Data ADC Reading : : Depth
Location Section Latitude(N) Longitude(E) Depth belo.w surface Where velocity Velocity (m)
is measured(m) (m/s)

RB 23°38'08.4" 86°38'08.4" 0.05 0.01 1.3
Swet-Palash MID-I 28°38'09.5" 86°34'00.3" 0.06 0.08 2.5
LB 23°38'10.0" 86°34'01.6" 0.12 0.09 1.4
RB 23°38'5.6" 86°44'26.4" 0.01 0.68 1.2
Baghardanga Ghat LB 23°41'4.8" 86°48'19.8" 0.06 0.08 1.5
Deuli Ghat RB 23°41'7.4" 86°47'43.8" 0.24 0.97 1.4
LB 23°41'14.7" 86°47'55.6" 0.1 0.87 2.2
RB 23°41'7.4" 86°47'43.8" 0.01 0.33 2.3
Makgeu Ghat ,Saltore LB 23°41'14.7" 86°47'55.6" 0.03 0.47 1.3
RB 23°38'17.4" 86°33'19.1" 0.12 0.06 2.4
T MID-I 23:38‘19.8" 86:33'19. 1" 0.05 0.15 1.4
MID-II 23°38'22.0" 86°33'19.1" 0.03 0.1 1.4
LB 23°38'22.7" 86°33'16.7" 0.04 0.28 1.4
RB 23°38'14.4" 86°33'0.4" 0.01 0.19 1.3
Ramnagar(Point-2) MID-I 23°38'14.7" 86°32'57.8" 0.3 0.14 1.9
LB 23°38'16.33" 86°32'57.6" 0.08 0.07 1.5
ot Gl RB 23°37'57.9" 86°32'30.8" 0.03 0.1 1.5
LB 23°37'58.2" 86°32'30.9" 0.01 0.05 1.4
Ichor RB 23°37'54" 86°31'05.5" 0.01 0.59 4.1
LB 23°37'54.3" 86°31'05.5" 0.02 0.48 3.7
RB 23°38'17.3" 86°29'5.01" 0.01 0.3 1.6
Ichor(Point-2) MID-I 23°38'17.3" 86°29'5.01" 0.06 0.02 2.9
LB 23°38'17.3" 86°29'5.01" 0.16 0.07 1.8

RB 23°37'47.8" 86°32'3.5" 0.42 0.18 2
MID-I 23°37'53.6" 86°31'42.9" 0.01 1.61 2.8
MID-II 23°37'56.5" 86°32'1.5" 0.01 1.62 5.5
LB 23°37'58.3" 86°31'59.5" 0.01 0.28 1.6
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DO Profile with respective depths at some different Cross-Sections

The method used in this research work the for measuring discharge, velocity
is the current-meter method. In this method, the stream channel cross
section is divided into numerous vertical subsections. In each subsection,
the area is obtained by measuring the width and depth of the subsection,
and the water velocity is determined using a current meter (left-side picture
below). The discharge in each subsection is computed by multiplying the
subsection area by the measured velocity shown in Figure 5.66. The total
discharge is then computed by summing the discharge of each subsection.
Other types of equipment and methods are used by for calibration to make
current-meter measurements because of the wide range of stream
conditions throughout the study area . Subsection width is generally
measured using a cable, steel tape, and by application of GIS . Subsection
depth is measured using a wading rod, if conditions permit, or by
suspending a sounding weight from a calibrated cable and reel system off a
bridge, cableway, or boat or through a hole drilled in sand bed. From Boat
measurements are taken in Damodar river showed in Photo 5.27 below and
location of sampling shown in Figure 5.66. maximum velocity is found 0.4
m/s near Deuli Ghat. Average velocity found between 0.05 to0.15 m/s at
depth of O to 4 m deph. Deatil measurement values are depicted in Figure
5.67. DO values in surface water varies from 2 mg/1 to 7.9 mg/] shown in
Figure 5.68.
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Figure 5.66: Location of velocity profile and DO profile survey
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Velocity Profiles Measurement :
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Figure 5.67 : Velocity profile measurement of Damodar river

Photo 5.27 : Velocity and DO measurement at Damodar river
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Figure 5.68 : DO profile measurement at Damodar River
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5.4. Remarks

The survey and investigation chapter includes resonance survey,
hydrological investigation, VES survey, hydrogeological investigation for
aquifer parameter determination and river profile survey. Sustainable yield
were also determined in this chapter through pumping tests. Results of
different investigation are also summarized in this chapter which plays key
inputs in numerical and field model development. The detail survey and
experiment results of hydrological and hydrogeological critical areas of three
river catchment plays key inputs for development of the integrated cost-
effective technology model. It also depict the clear water resource scenario in

the study area for future policy making and development planning.
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CHAPTER-6

APLICATIONOF GIS WITH MCET FOR SITE SUITABILITY
ANALYSIS
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6. Application of GIS and MCET for site suitability analysis

Water provides life supporting system of human beings, vegetation/plants
and animals. It is also very important part of socio-ecological environment.
But this important asset is depleted rapidly, as this life saving resources
always taken for granted in name of development. Water intake-point
structure (WIS) is the collection tool of water for future sustainable use of
water. It has been used to provide drinking water, water for livestock and
water for irrigation or to give treated in natural filtration process for the
remote area. However, rainwater provides affordable water for household
use, agriculture, environmental flows and prevention of flood damage.
Rainwater Harvesting techniques includes macro-catchment technologies
that handle large runoff flows diverted from surfaces such as roads,
hillsides, pastures, as well as micro-catchment technologies that collect
runoff close to the growing crop and replenish the soil moisture. Sustainable
WIS can be used to minimize water loss and to augment water supplies in
watershed systems. WIS are important in managing scarce rainfall, and
success of these systems mainly depends on identification of suitable
potential sites and technologies. various approaches have been chosen by
different authors to identify potential WIS in remote and data scare area; in
most of these methods, thematic maps are derived from Remote Sensing
(RS) data and integrated in GIS to evaluate suitable sites for rainwater
harvesting. Remote Sensing and Geographic Information Systems (GIS) can
help in the determination of areas suitable for water collection. GIS has been
recommended as a decision-making and problem-solving tool in WIS during
the decision-making process. As water collection is an ancient tradition and
has been used for millennia in most dry lands of the world, many different
techniques have been developed. However, the same techniques sometimes

have different names in different regions and others have similar names but,
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in practice, are completely different. Kahinda et al. identified six key factors
to be considered when identifying WIS sites, this includes; climate (rainfall),
hydrology (rainfall-runoff relationship and intermittent water courses),
topography (slope), agronomy (crop characteristics), soils (texture, structure
and depth) and socioeconomic criteria (population density, work force,
people’s priority, experience with RWH, land tenure, water laws, accessibility
and related costs). Rao et al. identified land use, soil, slope, runoff
potential, proximity, geology, and drainage as criteria to identify suitable
sites for WIS . The approach had been used in some studies in other
countries. However, in West Bengal the approach was new in the field of WIS
construction, because it had not been used to identify suitable areas for WIS
technologies. That the combination was useful to evaluate multiple criteria
and expert opinion in a consistent way in order to obtain suitability maps
and tabular data. It was shown that MCE-GIS combination has potentiality
to provide a rational, objective and non-biased approach to making
decisions in identifying potential sites for WIS and technologies. Although
effective, their methodology could be enhanced with, for example, the
consideration of other factors such as social economic. One of the identified
major inhibitors to the progress and economic development of most urban
settlements is the lack of access to adequate water supplies for drinking and
domestic uses, irrigation, and industrialization. Rural Purulia is currently
facing a problem of acute shortage of fresh water, and if sufficient measures
are not taken up immediately inhabitants may face a crisis which will be
detrimental to the very survival of mankind. One of the most logical steps
towards solving this problem would be acknowledging the importance of WIS
sites and natural filtration methodology. Thus, development of methodology
for identifying potential sites for WIS is an important step towards
identifying areas suitable for certain techniques of water collection from the
foregoing, it is evident that the identification of water collection site is a

spatial problem and can be addressed by exploring GIS as a decision
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support tool based on site selection and criteria and a remote sensing
technique as an alternative form of data capture for GIS. Hence the overall
objective of this study is to identify the potential point to construct water
intake structure and also suitable technologies are to justify for optimize
water availability using Geographical Information System (GIS), and
Remotely Sensed Satellite Imagery and calibration through some field

experiment.

6.1. Materials and methods for identifying possible intake structure
and technologies

The primary objective was to identify and decide on which intake well and
Technology technologies to be mapped. This was to aid in collection the
relevant data. The field survey revealed that any sub -surface interventions

in the Kashipur Block should focus on the following

e Surface runoff collection from open areas and recharge to
groundwater and river basin.

e In-situ RWH and storage in the soil profile for water supply.

e Other ground water recharge methods such as check dams,
subsurface dams (dam walls and dam reservoirs.

e Sustainable yield of that location.

Criteria for selection and assessment of suitability level

From the information obtained from field survey supported by expert
judgment, literature review and most importantly available data, five
criteria were selected for the identification of potential areas for Intake
structure i.e., rainfall data, Lithologs, topography (slope and aspect),

drainage and land cover and soil information and aquifer parameters.
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Data acquisition

Secondary data is collected from literature and Government reports
and primary data collected from detailed field survey, Hydro-geological

survey and Socio-economic survey

Stream map, road map, land use, open space map was extracted from
SPOT imagery which was interpreted visually by digitizing with Arc-
GIS 9.3.

Slope, aspect map and Drainage map was derived from Shuttle Radar
Topographic Mission (SRTM 30). SRTM data is available at SRTM
Plugin Q-GIS 1.7.0.

Rainfall data were obtained from both Agricultural department Govt
of West Bengal , IMD.

Aquifer properties are determined by Pumping Test.
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Figure 6.1.: Cartography model for the study
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Data analysis
Land use pattern

As this study focused on intake structure point selection for agricultural,
development both in-situ and ponds should be located close to agricultural
areas. Therefore, in Figure 6.2 the land cover map was used as one criterion
for in-situ and pond water recharging to identify potential areas on
agricultural land. Details for suitability ranking showed in Table 6.1 as

generated from Google satellite imagery

Table 6.1: Suitability rank for land use patte

Land cover | Land use pattern Pond In-situ Dam
class
1 Very high Intensively 5 5 _
cultivated
2 High Moderately 5 5 _
cultivated
3 Medium Open surface 2 1 _
4 Low/ restricted Settlement/water | 2 1 _
body
5 Verylow/restricted | Rock/drainages Restricted | Restricted |
R i 7 e ,K b 2 - Onp g
wf?& -"»;. w ,r ;i:-,”'x“ en* E S
A R f-; ‘m kOIS o %o
S SRR E o
1'.' .ok > 03-Decdres
e x o 3 FomstPlataton

11-Soud Forest

20+ hiand et

Figure 6.2 : Land Use map of the Study area West Benga

200



Topography

The contour Map is important in site selection and implementation of all
river/subsurface base intake structure systems, especially hilly areas are
not recommended where slopes are greater than 15% due to uneven
distribution of run-off and large quantities of earthwork required which is
often costly however a slight slope is needed for better harvesting of the
runoff. Therefore flat areas with a slope less than 2% were assigned a higher
suitability rank for in-situ Intake structure whereas for ponding areas
with slope ranging from 2 to 8% were given higher suitability rank Table

6.2. and Figure 6.3 depicts the classified contour of the study area.

Table 6.2 : Suitability rank for slope

Slope Class Slope (%) Pond | In-Situ
1 Flat <2 3 S
2 Undulating 2-8 5 4
3 Rolling 8-15 4 3
4 Hilly 15-30 2 2
5 | Mountainous >30 1 1

Figure 6.3 : the contour map of the area
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Drainage pattern

The drainage system was classified according to the density (average
channel/flow length) on the Google satellite image and the areas with high
drainage density were ranked for lower suitability area of a water harvesting
system. By determination of the location of the furthest point contributing to
runoff, the runoff contributing areas of the various catchments were
determine and ranking was done as in Table 6.2.

Table 6.2 : Suitability rank for 