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PREFACE 

Water is a vital resource gifted by nature to living beings on the earth. Water 

is not only essential to sustain life, but also to support ecosystems, economic 

development, community well-being, and cultural values. Water no longer can be 

taken for granted. It is one of the most challenging tasks to ensure adequate 

water of good quality and food to our present and future generations. The 

availability of water resources in our country is highly variable both in space and 

time. Occurrences of droughts and floods often cause depletion of water 

availability and excess of water leading to significant water stress to regional 

economic activities and society and heavy damage to human life and again 

economic losses. 

It is important to note that cities meet their needs for water by withdrawing it from 

the nearest river, lake or reservoir. Ground water pumped from beneath the 

earth’s surface is often cheaper, more convenient and less vulnerable to pollution 

than surface water. Therefore, it is commonly used for public water supplies 

throughout the world. Underground reservoirs contain far more water than the 

capacity of all surface reservoirs and lakes. In some areas, ground water may be 

the only option.   

One of the most useful techniques to augment ground water table is to utilize 

rainwater harvesting technique. It is the accumulation and deposition of rainwater 

for reuse before it reaches the aquifer. Implementing rainwater harvesting is 

beneficial because it reduces demand on existing water supply, and reduces run-

off, erosion and contamination of surface water.  

Similarly the quality of water is extremely important for various uses like drinking 

water, irrigation water, household uses, gardening etc. The quality of rain water, 

river water, well water, lake water, spring water etc. also vary greatly. Hence, it is 

very important to discuss and deliberate to arrive at appropriate methods to treat, 

model and forecast the quality.  

Various tools, technologies have been developed to address a wide spectrum of 

water resource problems. Models are being used for assessment of water 

resources, water availability and reservoir system operations etc. With more 

powerful and modern computing systems and tools, a greater number of 

economical remote sensing tools, radar and satellite imaging, isotopic 

techniques, hydrological models enable water resources managers to move 

beyond the conventional techniques. The goal of this National Conference is to 

discuss and improve knowledge on water resources management including rain 



water harvesting and water quality and other related areas through collaborative 

information sharing and capability building. 

The principle objective of the National Conference is to bring together 

water resources professionals, practicing field engineers, decision makers, 

faculty & students including stakeholders of the different water resources and 

hydrology enterprises from various parts of India, to a single platform to 

exchange their views and share knowledge. This would help in building a 

roadmap for achieving improved availability of water to cope with the water 

scarcity and to maintain the sustainability of ecosystems. 

On behalf of Poornima Group of Institutions I thank the National Institute of 

Hydrology for technical collaboration and the Indian Council of Agricultural 

Research, New Delhi for liberal sponsorship. 

I express my heartfelt gratitude to Dr. S. M. Seth, Chairman, Poornima Group of 

Colleges for continuous encouragement and motivation. We are also grateful to            

Dr. K. K. S. Bhatia, President, Poornima University for his continuous support and 

guidance. Mr. Shashikant Singhi, Director General, Poornima Group of Colleges 

and Mr. M. K. M. Shah, Director (Admin & Finance) deserve many-many thanks for 

their kind support. 

I congratulate Prof. Pankaj Dhemla, Dr. Pran Nath Dadhich and Dr. A. K. Jain who 

have worked tirelessly to organize the Conference. I am also thankful to members 

of various committees. I am sure that the deliberation at this Conference will 

come out with the proposal of easy and cheaper ways to augment water 

resources having good quality. 

Lastly I would like to say –  

Harvesting rain water – Harnessing life 

Catch the water – where it drops 

Care for ground water – before it becomes rare 

 

Dr. N. C. Bhandari 
Director 

Poornima Group of Institutions  
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 N. K. Goel 

Bharat Singh Chair Professor for Water Resources 

Department of Hydrology, 

Indian institute of Technology Roorkee 

Roorkee – 247667 
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INTRODUCTION AND THE NEED  

Hydrological estimates are required for the design and operation of various hydraulic 

structures such as dams, weirs, barrages, city drains etc. and for various types of power 

generation schemes ( hydro- power, thermal power, nuclear power, wind mills etc.). Over the 

years hydrological design procedures for a variety of applications have been developed the 

world over. The design practices assume that the hydro-meteorological data such as 

precipitation (rainfall as well as snowfall), temperatures (minimum, maximum, average etc.), 

wind speeds, and stream flows (minimum, maximum, average etc.) are stationary. 

Stationarity is a fundamental assumption and concept that permeates all aspects of training 

and practice in water-resource engineering. However, there are many physical processes or 

factors that could lead to non- stationarity in the hydro-meteorological data. Human 

disturbances in the catchment area, such as urbanization, channel modifications, drainage 

works, and land-cover and land-use changes could be expected to lead to changes in the mean 

and variance of the flood series, flood risk, water supply, and water quality. The substantial 

anthropogenic changes in Earth‘s climate have been reported to be altering the means and 

extremes of precipitation, evapo-transpiration, and rates of discharge of rivers 

(Intergovernmental Panel on Climate Change (IPCC), 2007).  Many studies have noted the 

impacts of climate change on hydrological processes and further changes are projected (for 

details please see IPCC, 2007; Fowler et al, 2007 and references therein).  Current water 

supply infrastructure has been designed assuming that the past is representative of the future. 

The Intergovernmental Panel on Climate Change (IPCC) states that ―Climate change 

challenges the traditional assumption that past hydrological experience provides a good 

guide to future conditions‖ (Bates et al., 2008). Thus, existing hydrological design 

practices need review and necessary modifications are required to be incorporated, to 



account for the climate change and other non-stationary impacts on hydrological 

processes. 

Most hydrological issues including estimation of environmental flows, predictions in 

ungauged basins, ground water resources estimation, urban flood modeling, operation of 

single and multi- purpose multi- reservoirs, environmental planning, etc. are complex issues 

even under stationary conditions. However, these issues become even more complex under 

climate and land use change.  

THE ISSUES 

  There are a number of unresolved issues in the area of climate and land use change, 

particularly with reference to India, where the hydro-meteorological data network is very 

sparse. Most of the basins are either ungauged or are having data of very limited length. This 

becomes extremely important with reference to Himalayan eco-systems, where the water 

resources and hydro-power potential is in abundance but the hydro-meteorological data 

availability is almost NIL in terms of number of hydro-meteorological stations, and length 

and quality of streamflow data. DST‘s initiative ‗UPROBE‘ which began in 2003 was a 

welcome step in this direction.  Some of the unresolved issues, which are required to be 

addressed, are listed below along with the broad framework of the possible approaches along 

which the attempts will be made.  

1. Assessment of non- stationarity in hydro- meteorological records: Whether the 

hydro-meteorological data sets pertaining to India (or selected basins and parts of 

India depending upon the level of funding and institutional arrangements) are 

stationary or not, is a question that needs to be carefully assessed. This would require 

testing of the power and efficiency of existing statistical tests and development of new 

tests on synthetic data sets followed by application of those new tests on actual data 

sets. Since large data sets will be required to be analysed, the development of a 

secured data base management system and the user friendly software will be required. 

As long time series data at point locations are limited in length and highly variable in 

nature, procedures for pooling datasets which effectively replaces space for time will 

be used and new regional assessments will be made. 

In the Indian context, numerous trend detection studies were initiated by IITM 

group in early 1980‘s. Some of the studies in recent time are carried out by Arora et 

al., (2005; 2006; 2007); Basistha et al. (2007; 2008; 2009); and Singh et al. (2006).  A 
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good review of the studies has been given by Arora, (2006); and Basistha, (2009). 

These efforts need to be further strengthened by incorporation of more recent findings 

from studies elsewhere, within the Indian context. For example, many trend studies 

are implemented incorrectly because they have ignored the important impact of both 

spatial and temporal correlation of the hydro-meteorological records. Recent research 

on this topic are required to be reviewed and incorporated into the future 

comprehensive studies within the Indian context (see for example Douglas et al, 

2000). 

2. Investigation of reasons of non- stationarity : If some of the hydro-meteorological 

data sets are found to be non-stationary, the type and the reasons of non- stationarity 

in such data sets are required to be investigated. Climate change may be one of the 

reasons but there could be number of other reasons such as change in the exposure 

conditions of the equipment, change of instrument, change in observation practices, 

urbanization, deforestation, changes in land use patterns, change in irrigation practice, 

inadequate length of data, and due to impacts of the operation of water infrastructure 

such as dams, weirs and canals. . Statistical attribution techniques that identify the 

causes of the noted changes are required to be developed and used.  

3. What to do if data sets are non- stationary?: If a series does not pass the prescribed 

hypothesis tests for stationarity, little guidance is now available as to how to proceed. 

For example, if there is trend or persistence in the annual flood series, then how does 

one estimate the design flood quantiles in flood frequency analysis or in multivariate 

stochastic modeling of flood flows proposed by Goel et al. (1998). At present there 

are few solutions available for such situations. Some efforts in the area were initiated 

by Burn and Goel (2001), with a focus on rising trends in annual flood series and long 

term persistence. Considering the importance of the issue, recently a Workshop on 

‗Non-stationarity, Hydrologic Frequency Analysis, and Water Management‘ was 

organized in Boulder, Colorado, USA, to present and discuss possible operational 

alternatives to the assumption of stationarity in hydrologic frequency analysis (Olsen 

et. al, 2010). It is expected to provide a good base for further work in the area. 

Similarly, the general expectation is that the intensity and frequency of 

extreme events (floods as well as droughts) have changed in the recent past.  Given 

that this is the case, then should the hydrological estimates (design floods and design 

discharges for the projects, and the operation policies for the reservoirs) be revised? If 



yes, then how? And if no, then why? A recent paper by a group of prominent 

researchers (Milly et al., 2008) aptly sums up the dilemma that faces water planners 

and managers today. 

The world over, efforts are being made to develop the design flood estimation 

methods under non-stationary conditions. Some of the prominent ones are Obeysekera 

and Salas (2013); Cooley(2013); Katz (2013); Lopez and Frances (2013); and Vogel 

et al. (2011). 

4. Directions in which solutions have been tried: The solutions for point 3 have been 

tried in the past through generation of future scenarios of rainfall and temperature at a 

basin level using down-scaling of GCM outputs and catchment modeling by a number 

of researchers. However, in India very limited work has been reported in literature 

and such studies are required to be undertaken for large number of basins. The 

issues related to the type of GCM output to be adopted, type of downscaling 

technique to be used etc. need to be investigated in great detail. Additionally, the 

important issue of bias correction in GCM simulations needs careful assessment. Use 

will need to be made of sophisticated statistical and dynamical (and mixed) 

downscaling techniques that take into account any biases that are apparent in model 

simulations of the current climate (Folwer et al., 2007; Johnson and Sharma, 2009; 

Mehrotra and Sharma 2010). These approaches can also be generalized  using 

analytical approaches analogous to the use of  derived flood frequency distributions  

introduced by Kurothe et al., 1997; 2001 and Goel, et al., 2000 and others. 

5. Quality issues: In the past, few studies have assessed the potential effect of climate 

change on water quality and most of them refer to developed countries and do not 

address notable differences in water quality problems between developed and 

developing countries (Jimennez, 2003). It is clear that an increase in water 

temperature alters the rate of operation of some key chemical processes in water 

bodies. Also, changes in intense precipitation events impact the rate at which 

materials are flushed into rivers and groundwater, and associated changes in flow 

volumes will also affect dilution of loads. Key consequences of declining water 

quality due to climate change include increasing water withdrawals from low-quality 

sources; greater pollutant loads from diffuse sources due to heavy precipitation (via 

higher runoff and infiltration); water infrastructure malfunctioning during floods; and 

overloading the capacity of water and wastewater treatment plants during extreme 
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rainfall. (Kundzewicz et al., 2008). In Indian conditions, the issue of water quality is 

very pertinent, because of almost NO or very limited availability of water quality 

data.  

6. Other issues: The issue of non- stationarity/ climate change in reservoir operation, 

ground water resource estimation, hydro-power studies, geology of the regions- 

particularly Himalayan region, estimation of environmental flows, environmental and 

ecological planning, is of prime importance from climate change mitigation point of 

view. Similarly the impact of climate change on agriculture produce and on livelihood 

of marginalized communities is very important from adaptation point of view. This 

becomes extremely important with reference to Himalayan eco-systems, where the 

water resources and hydro-power potential is in abundance but the hydro-

meteorological data availability is almost NIL in terms of number of hydro-

meteorological stations, and length and quality of data.  The incorporation of current 

climate variability into water-related management would make adaptation to future 

climate change easier. Uncertainty and error analysis will play a major role in the 

handling of these issues. Uncertainty has been reported to have two implications for 

adaptation practices. First, adaptation procedures need to be developed which do not 

rely on precise projections of changes in river discharge, groundwater, etc. Second, 

based on the studies done so far, it is difficult to assess water-related consequences of 

climate policies and emission pathways with a high degree of credibility and/or 

accuracy. (Kundzewicz et al., 2008). These issues are required to be addressed.  
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Flood is one of the most damage causing natural disasters in the world. Every year floods 

exert a heavy toll on human life and property in many parts of the world. Flooding is not just 

confined to certain regions of the world but is a globally pervasive hazard. India experiences 

one of the highest frequencies of flood and the flood prone area in India has been increasing 

significantly. The annual average area affected by floods in India is 7.563 Mha. This 

observation is based on flood data for the period 1953 to 2000, with variability ranging from 

1.46 Mha in 1965 to 17.5 Mha in 1978. The average annual direct damage due to flood is 

estimated to be US$ 240 million (Economic and Social Commission for Asia and the Pacific , 

1995). The draft National Water Policy of our country (2012) states that protecting all areas 

prone to floods and droughts may not be practicable; hence, methods for coping with floods 

and droughts have to be encouraged. Frequency based flood inundation maps should be 

prepared to evolve coping strategies, including preparedness to supply safe water during and 

immediately after flood events. Communities need to be involved in preparing an action plan 

for dealing with the flood/drought situations. The National Water Mission of the National 

Action Plan on Climate Change (NAPCC) stress a need to develop flood management 

startigies for the country and for these to include plans for community based adaption.  

 

For mitigation and management of flood hazard, two types of measures, i.e. structural and 

non-structural measures are generally adopted. While the structural measures continue to be 

necessary, increased emphasis should be laid on non-structural measures, which allow 

flooding, but ensure that damages are minimized. Traditionally, controlling floods has always 

been the main focus of flood management, with the emphasis on draining flood water as 

quickly as possible, or storing it temporarily, and separating the river from the population 

through structural measures such as dams and levees. Emergency management as a necessary 

response to the floods, as well as recovery measures, have been put as main challenges which 

need to be explored and implemented.  

 



The Integrated Flood Management was first introduced in a concept paper in 2003 by World 

Meterological Organisation (WMO). The ‗IFM Concept Paper‘ was revised in 2009 in 

consideration of emerging issues, such as risk management, urbanization, climate variability 

and change, and adaptive management. The concept of Integrated Flood Management has led 

to a paradigm shift: absolute protection from floods is a myth, and we should aim at 

maximizing net benefits from the use of flood plains, rather than trying to fully control 

floods. A proactive approach towards the management of floods over a traditionally reactive 

approach is rapidly gaining recognition among flood managers. The proactive approach does 

not treat floods only as an emergency or an engineering problem, but as an issue with social, 

economic, environmental legal and institutional aspects. The proactive approach is not 

limited to a post-event reaction, but includes preparedness, including flood risk awareness  

and response measures to flood management at different stakeholders‘ levels.  

 

Integrated Flood Management (IFM) integrates land and water resources development in a 

river basin, within the context of Integrated Water Resources Management, with a view to 

maximizing the efficient use of floodplains and to minimizing loss of life and property. 

Integrated Flood Management, like Integrated Water Resources Management, should 

encourage the participation of users, planners and policymakers at all levels. The approach 

should be open, transparent, inclusive and communicative; should require the decentralization 

of decision-making; and should include public consultation and the involvement of 

stakeholders in planning and implementation.  A holistic approach to emergency planning 

and management is preferable to a hazard-specific approach, and IFM should be part of a 

wider risk management system. This approach fosters structured information exchange and 

formation of effective organizational relationships. In integrated flood management planning, 

achieving the common goal of sustainable development requires that the decision-making 

processes of any number of separate development authorities be coordinated. Every decision 

that influences the hydrological response of the basin must take into account every other 

similar decision (WMO, 2009). An Integrated Flood Management plan should address the six 

key elements viz. (i) manage the water cycle as a whole; (ii) integrate land and water 

management, (iii) manage risk and uncertainty; (iv) adopt a best mix of strategies; (v) ensure 

a participatory approach; and (vi) adopt integrated hazard management approaches that 

follow logically for managing floods in the context of an IWRM approach. 
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In this paper, probabilistic and deterministic approaches of flood estimation for taking up 

structural and non-structural measures of flood management are described. Some of the 

studies, which are pre-requisite for IFM such as preparation of digital elevation model from 

the levels and contours and extraction of terrain from Cartosat-1 data; water availability 

analyses and development of flow duration curves; development of regional flood frequency 

relationships for gauged and ungauged catchments using L-moments approach; estimation of 

Probable Maximum Flood (PMF) and Standard Project Flood (SPF); dam beak flood 

inundation modeling; preparation of flood hazard maps showing flood inundation and flood 

depth for various returns periods for a river reach using coupled 1-D and 2-D hydrodynamic 

flow modelling; assessment of impact of climate change on design floods under hypothetical 

scenarios of climate change and estimation of safe grade elevation for the design flood for 

important establishments are presented. Further, scenario analyses for inundation at the 

project site simulated by coupled 1-D and 2-D hydrodynamic modelling considering the 

flooding due to upstream catchments floods, back water effect of a dam, local site rainfall and 

failure of upstream dams has been explained.  
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Floods are among one of the most destructive acts of nature. Worldwide flood damages to 

agriculture, house and public utilities amount to enormous amount in addition to loss of 

precious human and cattle lives. They present risks which can be high especially if they are 

ignored or proper precautions are not taken. Though human influence nature more and more 

in the present world, nature is still able to surprises us through these hazards.  

 

Flood forecasting is used to provide warning to people residing in flood plains and can 

alleviate a lot of distress and damage. Flood forecasting is an important non structural 

solution for reducing flood damages and is used to provide warning to people residing in 

flood plains. Conventional methods of flood forecasting are based on either simple empirical 

black box which do not try to mimic the physical processes involved or uses complex models 

which aim to recreate the physical processes and the concept about the behaviour of a basin 

in complex mathematical expressions (Lohani, 2005). Recently there has been a growing 

interest in soft computing techniques viz. Artificial neural networks (ANN) and fuzzy logic. 

These models are capable of adopting the non-linear relationship between rainfall and runoff 

as compared to conventional techniques, which assume a linear relationship between rainfall 

and runoff. In this paper soft computing based techniques for flood forecasting have been 

discussed. Further, ANN and Fuzzy inference system based techniques have been attempted 

in Mahanadi river system to demonstrate their capabilities in flood forecasting modeling.  

INTRODUCTION 

Flood is one of the most common hydrologic extremes which are frequently experienced by 

our country.  The flood problem faced by India is unique in several respects due to varied 

climate and rainfall patterns in different parts of the country. Generally it is found that when 



part of the country is experiencing floods while another is in the grip of a severe drought. 

Excessive runoff resulting due to heavy rain of high intensity results in the flooding of the 

river flood plains. However, the heavy and intense rainfall is not only factor contributing the 

floods. The floods may be caused due to many other factors which include failure of the flood 

control structures, drainage congestions, sudden release of water due to removal of ice jams 

or land slides in the mountainous streams and coastal flooding due to high tides etc. Inspite of 

various short term and long term measures adopted to prevent and mitigate the consequences 

of floods, there has been considerable damages and losses due to greater interference by man 

in natural processes and encroachment of flood plain zones and even riverbeds by human 

beings. 

During the last decade the artificial neural networks and fuzzy logic techniques have become 

popular in hydrological modeling, particularly in those applications in which the 

deterministic approach presents serious drawbacks, due to the noisy or random nature of the 

data. The research in Artificial Neural Networks (ANNs) started with attempts to model the 

bio-physiology of the brain, creating models which would be capable of mimicking human 

thought processes on a computational or even hardware level. Humans are able to do 

complex tasks like perception, pattern recognition, or reasoning much more efficiently than 

state-of-the-art computers. They are also able to learn from examples and human neural 

systems are to some extent fault tolerant.  

 

Recently use of fuzzy set theory has been introduced to inter-relate variables in hydrologic 

process calculations and modeling the aggregate behavior. Further, the concept of fuzzy 

decision making and fuzzy mathematical programming have great potential of application in 

water resources management models to provide meaningful decisions in the face of 

conflicting objectives. Fuzzy Logic based procedures may be used, when conventional 

procedures are getting rather complex and expensive or vague and imprecise information 

flows directly into the modeling process. With Fuzzy Logic it is possible to describe available 

knowledge directly in linguistic terms and according rules. Quantitative and qualitative 

features can be combined directly in a fuzzy model. This leads to a modeling process which 

is often simpler, more easily manageable and closer to the human way of thinking compared 

with conventional approaches. 
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The present paper describes the concept of ANN and fuzzy logic. Furthermore, this paper 

also presents a general review of the applications of ANN and fuzzy logic in hydrological 

modelling and its popular applications in flood forecasting.   

 

BIOLOGICAL NEURON 

 

It is claimed that the human central nervous system is comprised of about 1,3x1010 neurons 

and that about 1x1010 of them takes place in the brain. At any time, some of these neurons 

are firing and the power dissipation due this electrical activity is estimated to be in the order 

of 10 watts. A neuron has a roughly spherical cell body called soma (Figure 1). The signals 

generated in soma are transmitted to other neurons through an extension on the cell body 

called axon or nerve fibres. Another kind of extensions around the cell body like bushy tree is 

the dendrites, which are responsible from receiving the incoming signals generated by other 

neurons.  

 

Figure 1: Typical Neuron 

As it is mentioned in the previous section, the transmission of a signal from one neuron to 

another through synapses is a complex chemical process in which specific transmitter 

substances are released from the sending side of the junction. The effect is to raise or lower 

the electrical potential inside the body of the receiving cell. If this graded potential reaches a 

threshold, the neuron fires. It is this characteristic that the artificial neuron model proposed by 

McCulloch and Pitts, (McCulloch and Pitts 1943) attempt to reproduce.  

Research into models of the human brain already started in the 19th century (James, 1890). It 

took until 1943 before McCulloch and Pitts (1943) formulated the first ideas in a 

mathematical model called the McCulloch-Pitts neuron. In 1957, a first multilayer neural 

network model called the perceptron was proposed. However, significant progress in neural 

network research was only possible after the introduction of the back propagation method 

(Rumelhart, et al., 1986), which can train multi-layered networks. 

 

ARTIFICIAL NEURON 



 

Mathematical models of biological neurons (called artificial neurons) mimic the functionality 

of biological neurons at various levels of detail. A typical model is basically a static function 

with several inputs (representing the dendrites) and one output (the axon). Each input is 

associated with a weight factor (synaptic strength). The weighted inputs are added up and 

passed through a nonlinear function, which is called the activation function (ASCE, 2000a). 

The value of this function is the output of the neuron (Figure 2). 

 

NEURAL NETWORK ARCHITECTURE 

 

A typical ANN model consists of number of layers and nodes that are organised to a 

particular structure. There are various ways to classify a neural network. Neurons are usually 

arranged in several layers and this arrangement is referred to as the architecture of a neural 

net. Networks with several layers are called multi-layer networks, as opposed to single-layer 

networks that only have one layer. The classification of neural networks is done by the 

number of layers, connection between the nodes of the layers, the direction of information 

flow, the non linear equation used to get the output from the 

 

. 

 

Figure 2: Processing Element of ANN 

 

nodes, and the method of determining the weights between the nodes of different layers. 

Within and among the layers, neurons can be interconnected in two basic ways: (1) 
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Feedforward networks in which neurons are arranged in several layers. Information flows 

only in one direction, from the input layer to the output layer, and (2) Recurrent networks in 

which neurons are arranged in one or more layers and feedback is introduced either internally 

in the neurons, to other neurons in the same layer or to neurons in preceding layers. The 

commonly used neural network is three-layered feed forward network due to its general 

applicability to a variety of different problems and is presented in Figure 3 

 

 

 

Figure 3: A Typical Three-Layer Feed Forward ANN (ASCE, 2000a) 

 

 

LEARNING 

 

The learning process in biological neural networks is based on the change of the 

interconnection strength among neurons. Synaptic connections among neurons that 

simultaneously exhibit high activity are strengthened. In artificial neural networks, various 

concepts are used. A mathematical approximation of biological learning, called Hebbian 

learning is used, for instance, in the Hopfield network. Multi-layer nets, however, typically 

use some kind of optimization strategy whose aim is to minimize the difference between the 

desired and actual behavior (output) of the net. Two different learning methods can be 

recognized: supervised and unsupervised learning: 

 

Supervised learning: the network is supplied with both the input values and the correct output 

values, and the weight adjustments performed by the network are based upon the error of the 

computed output.  
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Unsupervised learning: the network is only provided with the input values, and the weight 

adjustments are based only on the input values and the current network output. Unsupervised 

learning methods are quite similar to clustering approaches.  

 

MULTI-LAYER NEURAL NETWORK 

 

A multi-layer neural network (MNN) has one input layer, one output layer and a number of 

hidden layers between them. In a MNN, two computational phases are distinguished: 

1. Feedforward computation. From the network inputs (xi, i = 1, . . . , n), the outputs of the 

first hidden layer are first computed. Then using these values as inputs to the second hidden 

layer, the outputs of this layer are computed, etc. Finally, the output of the network is 

obtained. 

2. Weight adaptation. The output of the network is compared to the desired output. The 

difference of these two values called the error, is then used to adjust the weights first in the 

output layer, then in the layer before, etc., in order to decrease the error. This backward 

computation is called error backpropagation. The error backpropagation algorithm was 

proposed by and Rumelhart, et al. (1986) and it is briefly presented in the following section. 

Feed forward Computation 

In a multi layer neural network with one hidden layer, step wise the feed forward 

computation proceeds as:  

I. Forward Pass 

Computations at Input Layer  

Considering linear activation function, the output of the input layer is input of input layer: 

 

    (1) 

 

where, lO is the l
th

 output of the input layer and lI is the l
th

 input of the input layer. 

 

Computations at Hidden Layer  

The input to the hidden neuron is the weighted sum of the outputs of the input neurons: 

 (2) 

 

ll IO 
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for p = 1,2,3,…..m 

where, hpI  is the input to the p
th

 hidden neuron, lpu is the weight of the arc between l
th

 input 

neuron to p
th

 hidden neuron and m is the number of nodes in the hidden layer.  

 

Now considering the sigmoidal function the output of the p
th

 hidden neuron is given by: 

     (3) 

 

 

where hpO is the output of the p
th

 hidden neuron, hpI is the input of the p
th

 hidden neuron, hp

is the threshold of the p
th

 neuron and   is known as sigmoidal gain. A non-zero threshold 

neuron is computationally equivalent to an input that is always held at -1 and the non-zero 

threshold becomes the connecting weight values.  

 

Computations at Output Layer: The input to the output neurons is the weighted sum of the 

outputs of the hidden neurons: 

    (4) 

 

for q = 1,2,3,….n 

 where, OqI is the input to the q
th

 output neuron, mqw is the weight of the arc between m
th

 

hidden neuron to q
th

 output neuron. 

Considering sigmoidal function, the output of the q
th

 output neuron is given by: 

    (5) 

 

 

where, OqO is the output of the q
th

 output neuron,  is known as sigmoidal gain, Oq is the 

threshold of the q
th

 neuron. This threshold may also be tackled again considering extra 0
th

 

neuron in the hidden layer with output of -1 and the threshold value Oq becomes the 

connecting weight value.  

Computation of Error 
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The error in output for the r
th

 output neuron is given by:  

     (6) 

 

Where OrO is the computed output from the r
th

 neuron and OrT  is the target output.   

Equation (6) gives the error function in one training pattern. Using the same technique for all 

the training patterns the error function become 

               (7) 

 

where, N is the number of input-output data sets.  

 

Training of Neural Network 

 

Training is the adaptation of weights in a multi-layer network such that the error between the 

desired output and the network output is minimized. 

 

II. Backword Pass 

 

For k
th

 output neuron, Ek is given by 

           (8) 

 

where, kT is the target output of the k
th

 output neuron and okO is the computed output of the k
th

 

output neuron. The output of the k
th

 output neuron is given by 

     (9) 

 

       

The change of weight for weight adjustment of synapses connecting hidden neurons and 

output neurons is expressed as:  

   (10) 
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Learning rate coefficient determines the size of the weight adjustment made at each iteration 

and hence influences the rate of convergence. Poor choice of the learning coefficient can 

result in a failure in convergence. For a too large learning rate coefficient the search path will 

oscillate and jump past the minimum. For a very small learning rate coefficient the descent 

will progress in a small steps and thus significantly increase the time of convergence.  

Therefore, change of weight for weight adjustment of synapses connecting input neurons and 

hidden neurons is expressed as: 

 

 (11) 

 

The performance of the back propagation algorithm depends on the initial setting of the 

weights, learning rate, output function of the units (sigmoidal, hyperbolic tangent etc.) and 

the presentation of training data. The initial weights should be randomized and uniformly 

distributed in a small range of values. Learning rate is important for the speed of 

convergence. Small values of learning parameter may result in smooth trajectory in the 

weight space but takes long time to converge. On the other hand large values may increase 

the learning speed but result in large random fluctuations in the weight space. It is desirable 

to adjust the weights in such a way that all the units learn nearly at the same rate. The training 

data should be selected so that it represents all data and the process adequately. The major 

limitation of the back propagation algorithm is its slow convergence. Moreover, there is no 

proof of convergence, although it seems to perform well in practice. Sometimes it is possible 

that result may converge to local minimum and there is no way to reduce its possibility. 

Another problem is that of scaling, which may be handled using modular architectures and 

prior information about the problem.  

 

ANN: MODEL DESIGN & TRAINING 

 

Before applying ANN, the input data need to be standardized so as to fall in the range [0,1]. 

A typical hydrological variable, say river discharge (Q), which can vary between Qmin to 

some maximum value Qmax can be standardized by the following formula: 

 

               (12) 
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where Qs is the standardized discharge.  

For a specific modeling problem, an ANN is designed in such a way to obtain a simple 

architecture which yields the desired performance. As there is no analytical solution to 

determine an optimal ANN architecture and therefore, a unique solution cannot be 

guaranteed. The numbers of input and output nodes are decided from the modeling problem. 

Further, the number of hidden layers and the number of nodes in each hidden layer are 

determined to produce most suitable ANN model architecture. Generally, a trial-and-error 

approach is used to find out the number of hidden layers and the number of nodes in each 

hidden layer. The number of nodes should be chosen carefully since the performance of a 

network critically depends on it. A network with too few nodes gives poor results, while it 

overfits the training data if too many nodes are present.  

 

The primary goal of training is to minimize the error function by searching for a set of 

connection strengths and threshold values that cause the ANN to produce outputs that are 

equal or close to targets. There are different types of learning algorithms that are quite 

suitable for specific problems. The supervised training algorithm uses a large number of 

inputs and outputs patterns. The inputs are cause variables of a system and the outputs are the 

effect variables. This training procedure involves the iterative adjustment and optimization of 

connection weights and threshold values for each of nodes. In contrast, an unsupervised 

training algorithm uses only an input data set. The ANN adapts its connection weights to 

cluster input patterns into classes with similar properties. Supervised training is most 

common in water resources applications. 

 

WHAT IS FUZZY LOGIC ? 

 

Fuzzy logic is a powerful problem-solving methodology with a myriad of applications in 

embedded control and information processing. Fuzzy provides a remarkably simple way to 

draw definite conclusions from vague, ambiguous or imprecise information. In a sense, fuzzy 

logic resembles human decision making with its ability to work from approximate data and 

find precise solutions. 
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Unlike classical logic which requires a deep understanding of a system, exact equations, and 

precise numeric values, Fuzzy logic incorporates an alternative way of thinking, which allows 

modeling complex systems using a higher level of abstraction originating from our 

knowledge and experience. Fuzzy Logic allows expressing this knowledge with subjective 

concepts such as very hot, bright red, and a long time which are mapped into exact numeric 

ranges. 

 

 

 

Fuzzy Logic has been gaining increasing acceptance during the past few years. There are 

over two thousand commercially available products using Fuzzy Logic, ranging from 

washing machines to high speed trains. Nearly every application can potentially realize some 

of the benefits of Fuzzy Logic, such as performance, simplicity, lower cost, and productivity.  

 

Fuzzy Logic has been found to be very suitable for embedded control applications. Several 

manufacturers in the automotive industry are using fuzzy technology to improve quality and 

reduce development time. In aerospace, fuzzy enables very complex real time problems to be 

tackled using a simple approach. In consumer electronics, fuzzy improves time to market and 

helps reduce costs. In manufacturing, fuzzy is proven to be invaluable in increasing 

equipment efficiency and diagnosing malfunctions. Usefulness of fuzzy rule based modeling 

in hydrological modeling and forecasting is also demonstrated by various researchers.   

 

FUZZY SETS 

 

In ordinary (non fuzzy) set theory, elements either fully belong to a set or are fully excluded 

from it. Recall, that the membership µ(x)of of a classical set A, as a subset of the 

universe x, is defined by: 
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This means that an element is either a member of set A(µ(x)=1) or not (µ(x)=0). This 

strict classification is useful in the mathematics and other sciences. Figure 4 presents 

difference between boolean logic and fuzzy logic. 
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MEMBERSHIP FUNCTION ASSIGNMENT AND RULE GENERATION 

 

First, partition the input and output space as small, medium, large etc. After partition, the next 

step is to assign a membership function. First the data  points  whose  membership  grades  

are  among  the highest  are  chosen.  The mid-point of these data points is assigned grade of 

one, which is the index of membership function. Then a membership grade C (0<C<1) is 

assigned.  

The membership function is shown in the Figure 5, where cli  and  bli  are  the  center  and  the  

half-width  of  the membership  function  respectively.  And x is the average distance of the 

vertex to the left and the right edges. Thus, we have:      

       

 

(13) 

 

   

C is a parameter to be assigned.   This C is usually determined by experience, although some 

optimization techniques may be used. Typical 

values of CM vary from 0.5 to 0.8. After  

partitioning  the  input  and  output  spaces  and 

assigning the  membership  functions, the next  step 

is to construct the rules.   

 

 

 

 

 Figure 5: The Triangular Membership Function 

 

 

STEPS FOR DEVELOPING FUZZY LOGIC MODEL 

 

Step by step procedure for developing a fuzzy model is given below: 
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Figure 4: Boolean Logic Vs Fuzzy Logic. 

 

 Define the model objectives and criteria: What am I trying to model? What do I have to do to 

model the system? What kind of response do I need? What are the possible (probable) 

system failure modes? 

 Determine the input and output relationships and choose a minimum number of variables for 

input to the Fuzzy Logic (FL) system. 

Figure 6: Steps for developing fuzzy model 

 

 Using the rule-based structure of FL, break the modelling problem down into a series of IF X 

AND Y THEN Z rules that define the desired system output response for given system input 

conditions. The number and complexity of rules depends on the number of input parameters 

that are to be processed and the number of fuzzy variables associated with each parameter. If 

possible, use at least one variable and its time derivative. Although it is possible to use a 

single, instantaneous error parameter without knowing its rate of change, this cripples the 

system's ability to minimize overshoot for a step inputs. 

 Create FL membership functions that define the meaning (values) of Input/Output terms used 

in the rules. 



 Create the necessary pre- and post-processing FL  

 Test the system, evaluate the results, tune the rules and membership functions, and retest 

until satisfactory results are obtained. Figure 6 presents steps involved for developing of 

fuzzy model. 

 

RULE-BASED FUZZY SYSTEMS 

 

In rule-based fuzzy systems, the relationships between variables are represented by means of 

fuzzy if–then rules in the following general form:  

 

If antecedent proposition then consequent proposition. 

Fuzzy propositions are statements like ―x is big‖, where ―big‖ is a linguistic label, defined by 

a fuzzy set on the universe of discourse of variable x. Linguistic labels are also referred to as 

fuzzy constants, fuzzy terms or fuzzy notions. Linguistic modifiers (hedges) can be used to 

modify the meaning of linguistic labels. For example, the linguistic modifier very can be used 

to change ―x is big‖ to ―x is very big‖. 

The antecedent proposition is always a fuzzy proposition of the type ―x is A‖ where x is a 

linguistic variable and A is a linguistic constant (term). On the basis of structure of the 

consequent proposition, different fuzzy rule based models are defined. In a Linguistic fuzzy 

model (Zadeh, 1973; Mamdani, 1977) both the antecedent and consequent are fuzzy 

propositions. Singleton fuzzy model is a special case where the consequents are singleton sets 

(real constants). 

 

GENERAL LINGUISTIC FUZZY MODEL  

The  general  Linguistic  Fuzzy  Model  of  a  Multi-Input Single-Output system  is  

interpreted  by  rules with multi-antecedent  and  single-consequent  variables  such  as the 

following:  

  

Rule  l:  IF I1    is   Bl1    AND   I2    is   Bl2    AND Ir is Blr   

THEN O is  Dl ,  l = 1,2,.,n                (14) 
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Where I1  , I2 ,.., Ir are input variables and  O  is the output, Bij  (i=1, ...,n,  j=1,...,r) and Di 

(i=1, ...,n) are fuzzy sets of the universes of discourse X1, X2,., Xr, and Y of I1 , I2 ,.., Ir and O 

respectively. The above rule can be interpreted as a fuzzy implication relation   

  

Bl = Bl1 x Bl2 x.x Blr  Dl  in  (X = X1 x X2 x.x Xr)xY:  

Rl(x,y) = T(Bl(x),Dl(y)),Bl(x)=T′ (Bl1(x),Bl2(x),….Blr(x))  

                                                                     (15)  

  

Where T  and  T'  are    the  t-norm  operators  and  may  be different from each other.  Let the 

fuzzy set A in the universe of discourse X be the input to the fuzzy system of (14). Then, each 

fuzzy IF-THEN rule determines a fuzzy set Fl  in Y:  

  

Fl(y) = T(Rl(x,y),A(x))                    (16)  

  

For a crisp input   x* = (x1
*
, x2

*
,….xr

*
) 

               (17) 

 

 

Then   

Fl(y) = T(Rl(x,y), A(x)) 

          = T(Bil(x), A(x), Di(y))                                   

(18)  

 

          = T(Bil(x
*
),Di(y))   

               

 where  Bl (x) is called the Degree Of Firing (DOF) of rule l.  

 

To obtain a crisp value of the output, the commonly used Center of Area (COA) method, may 

be used.  

  

                                  (21)  
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Where, the real interval Y = [y0,y1]  is  the  universe  of discourse for the output. 

The  fuzzy  system  is  usually  not  analytical,  but analytical  formulation  is  essential  for  

the  use  of  training algorithms  like  Back Propagation (BP)  and Least Mean Squared 

(LMS). We, therefore, use the following simplified fuzzy inference system: First, T-norm and 

T-conorm operators are chosen to be the multiplication and addition operators, respectively.  

Then equation (20) becomes,  

  

 (22)  

  

 

Obviously, the summation brings the output fuzzy set F(y) out of the unit interval. However, 

it does not have an effect on the defuzzified value. By substituting for F(y) in (21) we get the 

COA defuzzified value:  
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(23)      

 

 

 

Where the yl
*
’s are the centroids of the fuzzy sets Dl.  

The defuzzified value   y
*
 is determined by the weighted average of the centroids of the 

individual consequent fuzzy sets.  Using a symmetric triangular membership function, the 

fuzzy system becomes,  

                            (24)       

                   

 

Where, cli and bli are the center and the half-width of the triangular membership function 

respectively.  

  

FLOOD FORECASTING 

There are many ANN architectures and algorithms developed for different applications. Out 

of them most common are Multi layer feed forward, Hoppfield networks, Radial basis 

function network, Recurrent network, Self organization feature maps, Counter propagation 

networks. Selection of a particular network is application oriented. However, the multi layer 

feed forward networks are most commonly used for hydrological applications (Dawson and 

Wilby, 2001).Various researchers have investigated the use of multi-layer perceptron NN for 

rainfall- runoff modeling, flood forecasting successfully. Earlier the works of Bruen and 

Yang (2005), Campolo et al. (1999, 2003), Coulibaly et al. (2000), Lekkas et al. (2004), 

Minns and Hall (1996), Solomantine and Xue (2004), Solomantine and Price (2004), Zealand 

et al. (1999) emphasized the application of artificial neural networks over other methods. 

In one study ANN is applied in forecasting the flood of downstream catchment of Mahanadi 

basin. Here peak values recorded over 10 years (2001-2010) are considered for development 

of the model. A total 101 flood peaks of different magnitudes are being observed at 3 stations 

along with their corresponding flood peaks. Initial 50 peaks are considered for calibration of 

the fuzzy Mamdani model and rest 51 for validation.  

The Fig.7 shows Khairmal as base station (BS), Barmul as intermediate station (IS) and 

Mundali as forecast station (FS). The peak values are put into ANN architecture using 

MATLAB codes. The trial has been taken with a 3-layer feed forward network. Different 
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combinations of feed forward network with changing transfer function, number of neurons 

and epochs varying at an increment of 50 are trailed. The combinations which are mostly as 

per performance criteria fixed are noted (Table 1). The Cascade feed forward network has 

been most successful for Khairmal-Barmul and Khairmal-Barmul-Mundali and other two 

cases are with Feed forward network. The results are compared with statistical method and 

ANN shows improvement over conventional method. 

 

 

Figure 7. Showing catchment details with different zones of Mahanadi basin. 

 

Table 1. Relationship between discharges using ANN architecture. 

Between stations ANN 

architecture 

Epochs 
RMSE(m

3
/s) R

2
 

Efficiency 

Trai

ning 

Testing Training Testing Training Testing 

Khairmal-Mundali FF,7,1 3000 221

1.2 

1843.7 0.918 0.938 0.930 0.958 

 

 

 

Between stations  Fuzzy MF  MF/ 

Rules  

RMSE(m
3

/s)  R
2

  
Efficiency  

Trainin Testing Trainin Testing Trainin Testing 
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g g g 

Khairmal-Mundali Triangular 5 2264.9  1898.5  0.901  0.907  0.904  0.905  

Khairmal-Mundali  Trapezoidal 

 

5 2256.2  1889.1  0.904  0.912  0.911  0.908  

Khairmal-Mundali  gauss2  5 2182.9  1749.6  0.951  0.948  0.963  0.961  

 

 

The classical fuzzy set theory introduced by Zadeh in 1965. Besides ANN in the field of 

hydrology fuzzy logic is being used invariably in the field of clustering, rainfall-runoff 

modeling, flood forecasting and other related fields. In the applications of the fuzzy system in 

control and forecasting, there are mainly two approaches, the first one being the Mamdani 

approach and the other the Takagi–Sugeno approach (Kruse et al., 1994). The T.S model has 

been applied successfully by Lohani et.al (2005a, 2005b, 2006, 2007, 2010), Nayak et.al 

(2005). For the Mamdani approach (Mamdani and Assilian, 1975), which has been used in 

some hydrological applications (Schulz and Huwe (1997) and Schulz et al. (1999). Tareghian 

and Kashefipour (2007) have applied ANN and fuzzy logic models for prediction of daily 

reservoir inflow in Dez reservoir of south-west Iran. They had found the superiority of 

Mamdani model over Takegi-Sugeno fuzzy model. 

 

A total 101 flood peaks of different magnitudes are being observed at 3 stations along with 

their corresponding flood peaks. Initial 50 peaks are considered for calibration of the fuzzy 

Mamdani model and rest 51 for validation.  

 

Different membership functions (Fig 7) are trialed and finally gauss2 membership function 

has been selected. To describe the relation between the magnitudes of the peaks there are 9 

rules formed. Basing on the inputs, membership functions and rules associated a fuzzy output 

is computed. The input and fuzzy output is defuzzified to crisp output by using centroid 

method. The conceptual crisp outputs provide the flood forecast at forecasting site. The 

relation between the inputs and output is also represented by the 3-dimensional plot named as 

surface view (Fig.9). It shows the variation of output with respect to inputs. The defuzzified 



results are compared with observed values and seen that the higher peaks are modeled more 

prominently than low or medium peaks (Fig.10).  

 

 

 

Figure 8. Membership function plots for 2 inputs and one output 

 

 

 

Figure 9. Showing the surface view of inputs and output of fuzzy model 

 

 

 

Figure10. Fuzzy flood forecasting model results at Mundali G&D site 

 

REMARKS 
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The computing world has a lot to gain from neural networks. Their ability to learn by 

example makes them very flexible and powerful. Furthermore there is no need to devise an 

algorithm in order to perform a specific task; i.e. there is no need to understand the internal 

mechanisms of that task. They are also very well suited for real time systems because of their 

fast response and computational times which are due to their parallel architecture. Neural 

networks also contribute to hydrological modeling and forecasting. They are successfully 

used to model various hydrological processes. Even though neural networks have a huge 

potential one will only get the best of them when they are integrated with computing, AI, 

fuzzy logic and related subjects.  
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There is no place on Earth that is so much dependent on rain as India in general and Karnataka in 

particular.  The life of farmers living in rural areas and cattle depend on this heavenly bounty year 

after year.  Most of our rainfall comes in three short months (i.e, 98 days) and falls unevenly over 

the land.  If care is not taken to preserve/store it, water is lost.  The rapid growth in water demand 

is due to the increasing reliance on irrigation to offset food security and increasing use for 

domestic purposes.  Unlike water stored in tanks (reservoirs) which gets reduced through 

evaporation, ground water is available throughout the year, making it available to meet the daily 

needs. More recent studies on small watersheds, particularly in low rainfall regions, revealed that 

slopes remaining the same, the larger the size of the catchments the less runoff can be collected.  

Small catchments give maximum water.  For the past several decades watershed management is 

considered as a strategy for agricultural and rural development in rainfed areas.  Thus a thorough 

investigation has been made on two adjoining sub-catchments, viz., Melekote-Rajaghattta falling 

in semi-arid region, covering 70.44 sqkm, in Dodballapur taluk of Bangalore rural district. These 

sub-catchments fall between: 13
0
77‘41‘‘ and 13

0
23‘15‘‘ north latitude; 77

0
40‘20‘‘ and 

77
0
40‘20‘‘east longitude.  

III. Study area 

 

     Karnataka state is covered by hard rocks which on the face of it appears to be unsuitable for 

groundwater storage and development.  In most places, however, hard rock is weathered and 

decomposed and can hold an appreciable quantity of groundwater as is evidenced by an 

innumerable number of open wells across the state.   



 

     The state is not badly off in respect of the benefits received through rainfall, compared to many 

other states.  The average annual rainfall received over the state is 1170 mm.  Rainfall as we know 

is seasonal and confined to just about 58 rainy days in a water year.  More than 80% of the annual 

rainfall occurs during the monsoon period, runs off the surface, with little penetrating into the 

ground, thereby causing floods and much soil erosion. 

     The two sub-catchments fall within the Kumudavathy river catchment coming under Arkavati 

river basin and receive an annual rainfall of 976 mm.  There are no perinneal rivers.  Within the 

study area, there are 22 water bodies and the village community solely depend upon them for their 

daily need.  There is one shallow open dugwell, the quality of water being fairly good. There are 

52 villages within the catchment boundaries having a population of 45,928 according to latest 

census. 

II. Details of investigation 

(i)Morphometric analysis of a catchment is of great help in understanding its charecteristics in 

terms of slope, topography, soil condition, runoff charecteristics, surface water potential and 

others.The following relationships are presented in the form of graphs:  

        Log mean stream length vs stream order, and 

        Log of numbers of stream segments vs stream order. 

(ii)Infiltration of surface water into the soil becomes soil moisture, unsaturated flow through the 

soil and saturated flow or ground water flow through rock strata.  We have followed Hortons 

equation (1933, 39),   ft= fc + (fo-fc)e
-kt

  and in the field, double-ring infiltrometer is used.  Six tests 

have been carried out and the value of k varies from 5.81 to 15.7 depending upon the soil 

compactness. 

 

(iii)Soil quality is usually expressed in terms of its degradation. Quality aspects include-physical 

and chemical (micro and macro) on sixteen samples.  Soil quality index- is also worked out for 

three seasons.  The results are presented in the form of tables.   

 

(iv)Surface waters reflect the environment.  Ground water contains mostly dissolved impurities 

unlike surface waters which are rich in suspended matter. The results of analysis are furnished in 

the form of tables. 
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(i) (v)Since the sub-catchments are ungauged, emperical formulae are used to estimate runoff and 

finally curve number method has been adopted which is based on soil and its moisture content. 

 

(ii) (vi)We have used Penman formula and Penman-Monteith formule (FAO 56) to assess water 

requirement of crops.   

(vii)Soil erosion is of great concern to humanity. Both universal soil loss equation and modified 

soil loss equation are used during the analysis.  Soil erosivity map of the sub-catchments is 

presented. 

 

(viii)Here, we have made an attempt to relate soil quality, water quality and the crops that can be 

grown economically.  Perur et al (1973) have given certain norms and the same have been used 

and the entire work is presented in the form of a table for three different seasons.  

 

        IV. Recommendations: 

The need of the day is to conserve every drop of water and recharge the depleted aquifers. Every 

drop of rainwater should be harvested and used conjunctively with ground water whenever 

possible for rising high value but low water requiring crops. Water governance and watershed 

management are quite necessary for economical growth of agriculture and for the upliftment of 

the poor farming community. 
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INTRODUCTION  

Understanding the impacts of climate and land-use changes on stream flow can facilitate the 

development of sustainable water resources strategies. Physically based, distributed 

hydrological models (PDHMs), whose input parameters have a physical interpretation and 

explicit representation of spatial variability[1], are increasingly being used to assess the 

environmental impacts of land-use changes, effects of climate change on water resources, and 

water planning and management in a catchment. In this study a GIS based hydrologic model, 

SWAT (Soil and Water Assessment Tool) was applied for modelling the large mountainous 

catchments of Viti Levu island Fiji. The water balance modeling was performed on daily 

basis using spatial and temporal data. The two large catchments of Viti levu namely Ba 

(western side) and Rewa (eastern side) were analyzed to examine the applicability of SWAT 

model for modeling the mountainous catchments. 

 

MATERIALS AND METHODS 

Study Area Background- Fiji consists more than 300 islands scattered over 1.3 million 

square kilometers of the South Pacific Ocean, lying between latitudes of 12 degrees and 22 

degrees South and between longitude 175 degrees East and 178 degrees West. The largest 

island is Viti Levu island (10,389 km
2
) which covers 57 % of the total area. The central 

mountain range named Nandrau plateau generally dividing Viti Levu into the leeward dry 

western and windward wet eastern area. The annual rainfall varies from 2,500 mm – 4,500 



mm in the eastern side and from 1,550 mm – 3,500 mm in the western side divided by 

mountains in the middle of the island.  

 

The Soil and Water assessment Tool (SWAT)- As a physically-based model, SWAT use 

hydrologic response units (HRUs) to describe spatial heterogeneity in terms of land cover, 

soil type and slope within a watershed.  

 

Data preparation and collection - The digital elevation model (cell size 25m by 25 m) of Viti 

levu island was developed using digitized contours to delineate the large mountainous 

watersheds, Ba (western side) and Rewa (eastern side) to analyze the drainage patterns of the 

land surface terrain. Two major mountainous watersheds (Ba and Rewa) were delineated 

using DEM. Rewa watershed covers drainage area 2944.513 km
2 

whereas Ba watershed 

covers 908.119 km
2 

drainage area. The soil type and physico-chemical properties of soil were 

acquired from Land Resource Planning Division, Fiji. The land use/land cover map for the 

year 1992, 1999, 2003 and 2007 is derived from Landsat TM/ETM
+
 data and classified into 

eight land use/cover classes: forest land, shrub/grass land, agriculture land, barren land, built-

up, pine plantation, mangrove forest and inland water body. For the period of 1993-2008, 

daily values for precipitation, temperature and wind speed, average monthly solar radiation 

and relative humidity are acquired from Fiji Meteorological service. Daily stream flow data 

for both the watersheds (Ba and Rewa) is acquired from Department of Energy, Fiji for the 

period 1993 to 2007.  

 

RESULTS AND DISCUSSION 

Simulation of Runoff - The SWAT model was calibrated and validated for both the 

watersheds of Viti Levu on a daily time step for comparing the calculated stream flow with 

the measured stream flow. Sensitivity analysis was performed to evaluate the effect of 

parameters on the performance of the SWAT model in simulating discharge and to limit the 

number of parameters for calibration [2]. For Ba watershed the river discharge was calibrated 

and validated for the year 1999 to 2002 and 2005 to 2006, based on the minimum data gaps 

in the observed data (figure 1). For Rewa watershed the river discharge was calibrated and 

validated for the year 1994 to 2000. The performance of the model for simulating discharge is 

evaluated graphically by linear regression (coefficient of determination) and Nash-Sutcliffe 

Efficiency coefficient (ENS). The results of statistical tests performed on the agreement 

between measured and simulated daily runoff reveals that for Ba watershed the r
2
 (0.84- 
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calibration 0.82- validation) and ENS (0.79- calibration 0.75- validation) values are higher 

than the Rewa watershed r
2
 (0.64- calibration 0.47 - validation) and ENS (0.46 - calibration 

0.29 - validation). 

 

 

Figure 1: Stream flow calibration and validation for Ba watershed 

 

CONCLUSIONS 

In this study, we integrated the spatial and temporal datasets using hydrologic simulation 

model, coupled with remote sensing techniques and geographic information system. The 

results showed that the SWAT model could be successfully used to simulate the runoff for 

two major watersheds of Viti Levu, Fiji. The model performance of both the watersheds 

indicates that distributed rain gauge data helps to better predict the runoff through the SWAT 

model and the calibrated model may be employed for further analysis in the area. 
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Access to safe drinking water remains an urgent necessity, as 30% of urban and 90% of rural 

households still depend completely on untreated surface water or ground water [1]. In the last 

few decades, there has been a tremendous increase in the demand for fresh water due to rapid 

growth of population and accelerated pace of industrialization. Human health is threatened by 

most of the agricultural development activities particularly in relation to excessive 

application of fertilizers and unsanitary conditions. Rapid urbanization, especially in 

developing country like India, has affected the availability and quality surface water and 

ground water due to over exploitation and improper waste disposal, especially in urban areas 

[2]. 

Lakes and reservoirs are vital parts of fresh water ecosystems of any country. The water 

quality of a lake is a reflection of the condition of its catchment. Rapid population growth in 

catchment zones has resulted in intensive use of land for farming, deforestation, industrial 

growth and land use changes due to expansion of urban centers has resulted in degradation of 

lakes and reservoirs. Lakes and reservoirs serve as an important life support system by 

helping in recharging of aquifers and regulating hydrological regimes. The lakes and 

reservoirs also act as natural traps for sediments and nutrients thereby helps to regulate water 



quality and sedimentation of the river systems from the catchment area. The pollutants 

entering from point and non-point sources, euthrophication are the main cause for 

degradation. 

The study area viz., Muthanallur lake catchment has an areal extent of 182 sqkm. The area is 

bound by East Longitude 77º 34' 39"- 77º 44' 22" and North Latitude 12º 45' 00" – 12º 52' 

59" of Survey of India topographic map No 57H/9. The area forms a part of Anekal Taluk of 

Bangalore South District. It is a part of semi-arid tract and falls under the agro-climatic 

environs of Eastern Dry Zone of Karnataka. Jigani lake, Hennagara lake and Mutthanallur 

lake form a series of lake system in Ponnayar river basin. The Jigani lake is located in Jigani 

hobli, Hennagara located in Haragadde hobli and Muttanallur lake is located in semi urban 

region of Anekal taluk , Bangalore urban district. The catchment areas of these lakes include 

rapidly developing industrial area of Jigani, and Bommasandra.The Land use map and 

Drainage map is shown in Fig 1 and 2 respectively. The urban settlement has increased 

rapidly in these areas with poor urban infrastructure. The domestic and industrial sewage are 

being directly disposed of into these lake systems. The natural drainage network is also 

disturbed with the construction of new layouts across the natural streams. The encroachments 

along the natural valley have resulted in decreased inflow into these lakes. The quality of 

water is also polluted due to the inflow of domestic sewage and industrial sewage. The lakes 

have been used as waste disposal sites.  

 

 

FIG 1.LANDUSE MAP    FIG 2.DRAINAGE MAP 

 

 The paper discusses the integrated catchment studies for better management of the cited 

lakes. The physico-chemical and bacteriological analyses of surface and ground water 

samples in the reservoir and their catchments reveal that water is polluted at certain locations. 

Water samples were analyzed for irrigation requirements and USSL diagram, Piper trilinear 

diagram were plotted for classification of water samples and spatial distribution of water 

quality parameters is carried out using GIS Arc-Info software. Remote sensing data are used 
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for mapping land use and land cover. Physical and chemical analyses of soil samples in the 

catchment area reveal low fertility index in certain locations. Morphometric analyses were 

carried out for all the catchments to determine the linear, areal and relief aspects of the 

catchments. Double- ring infiltrometer is used for field infiltration measurements[3]. 

Evapotranspiration studies were also carried out using Penmen-Monteth method[4], soil 

erosion potential zone mapping is done using Universal Soil Loss Equation (USLE) [5] 

which shows severe erosion at certain locations in the catchments. Estimation of runoff is 

carried out using SCS-Curve number method using GIS. The Integrated Reservoir 

Management approach will be an effective tool for sustainable management of lakes and 

reservoirs. The paper also discusses various management plans for effective management of 

reservoirs through integrated reservoir catchment management approach. 
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Records of atmospheric concentrations of carbon dioxide indicate a dramatic increase since 

the beginning of the industrial revolution. Considerable scientific attention has been focused 

on a measured increase in atmospheric C02 and a suspected corresponding change in climate. 

Such a change in climate is be expected to have a magnified effect on hydrologic time series 

This paper presents trends for the last half century of stream flows obtained from 10 stations 

in Wainganga sub-basin, India. From 10 stations station only Ashti (1965-2012) and Pauni 

(1964-2005) has long range of stream flow records. Other stations in the new in the basin and 

their data ranges from 80's. The procedure utilized the Mann -Kendall (MK) non-parametric 

test for monotonic trend detection ( Modified Mann Kendall (MMK) where there is 

significant autocorrelation is present in the series) and Sen's slope estimator test for 

magnitude of change over time. Change in percentage was discussed in terms of percentage 

change over mean.  There is a decreasing trend in the stream flow of the basin although not 

significant for all stations. Ashti and Pauni stations has showed decrease of (-14.8%) and (-

49.0%) in their mean discharge.  It is concluded that this decreasing trend in streamflow 

should be associated with decrease in precipitation in the Godavari basin (-24.6%) (Kumar 

and Jain, 2004 )  of which Wainganga is a sub-basin. The temperature in Godavari basin is 

increasing ( Jhajharia et al, 2013) . This is impacting the hydrological regime of the basin. 

The results are expected to assist water resources managers and policy makers in making 

better planning decisions in Wainganga basin.  

 

Keywords: climate change, Wainganga basin, streamflow, Mann-Kendall Test, Sen' slope 

estimater test 
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A field experiment was conducted at dry land farming research station, Arjia, Bhilwara to 

develop water yield models for a micro agricultural watershed. For the study,rainfall and 

runoff data of selected 10 years(1994, 1996, 1997, 2004, 2006, 2007, 2008, 2009, 2010 and 

2011)were used. Linear regression model was found best under gauged condition. Similarly, 

for different monsoon month‘s rainfall – runoff models were developed. Results revealed that 

III order polynomial model was best for June and linear regression model was best for July, 

August and September months. II order polynomial model was best for prediction of annual 

runoff series. 

Keywords: Gauged watershed, Rainfall – Runoff model. 

INTRODUCTION 

Agriculture is primarily rain dependent in the Bhilwara district. A small deviation from the 

normal rainfall promote drought like conditions in thedistrict. Maize is the principal crop of 

Bhilwara district (Rajasthan) grown during the kharif season with very low (<1ton/ha) and 

unstable productivity. Rainfed crops subjected often-optimal moisture availability stress. 

Rain water harvesting is the better option to overcome the problems of crop failure in district. 

The chief characteristic of drought isto decrease water availability per capita in a particular 

period and over a particular area (Beran and Redier, 1985). Occurrence of drought alone or in 

combination with others (flood cyclone, dry spell and heat wave) causes untold misery to the 

farmers by creating instability in agricultural productivity (Kar et al., 2004). Development of 

water yield modelsto enhance productivity is an important aspect in creation of surface water 

resources and assessment leading toward rational utilization of runoff water through on farm 

reservoir to ensure a sound banking account as it were.Modelling rainfall-runoff process has 

been continuing as a challenging area of research in operational hydrology primarily to 

enable modellers to reduce the subjectivity of arbitrarily implemented parameters 



representing physical conditions (Grayson et al., 1992; Chiew et al., 1993; Sorooshian et al., 

1993; Hughes and Sani, 1994; Beven, 1997; Moore, 2007; McIntyre and Ai-Qurashi, 

2009).However, the problem resolving issues in many cases, particularly for small 

watersheds, are restrained by limitation of data required for calibration of model parameters. 

MATERIAL & METHODOLOGY 

Description of Study Area 

Bhilwara district of Rajasthan state falls under agro climatic zone IV.A of Rajasthan state. A 

field experiment was conducted at Dry Land Farming Research Station, Arjia, Bhilwara 

(Rajasthan), which is situated at 24°20‘ N latitude and 74°20‘ E longitude and at an elevation 

of 100 m from mean sea level (Fig.1). Bhilwara district of Rajasthan state is draught prone in 

southern Rajasthan. This district also falls under the disadvantaged districts identified by the 

planning commission. The agriculture in this district is characterized by recurrent draught, 

sloppy lands, dominance of low value and holding, poor irrigation sources, poor livestock 

productivity, lack of farm employment opportunities, poor market support, and non-

availability of credit and high rate of illiteracy. The major crops of the Kharif season are 

maize, pulses, sorghum, sesame and cotton while major crops of the rabi season are wheat, 

gram and mustard. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig 1: Location of Study Area 
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Development of Rainfall – Runoff Models 

Rainfall-Runoff model has been developed analytically as suggested by (Shakir, 2009; 

Shakir et al., 2010 and Shakir, 2011). The basis of model was a water balance between: (1) 

Input the catchment as rain fall, (2) Out puts from the catchment as runoff and losses. The 

water balance equation may be expressed as, 

Q = P − L      . . . (1) 

Eq. (1) can be rewritten as: 

Q

P
= 1 −  

L

P
       . . . (2) 

Where,  

P = Rainfall over a watershed for a specific time period, (mm), 

Q = Surface runoff corresponding to the rainfall (P), (mm), and  

L = Losses from the rainfall P due to interception, initial abstraction and infiltration. 

All variable are measured in unit of length.However, losses are considered as negligible or 

zero for simple estimation of runoff. The Equation (2) was reduced as, 

Q

P
= 1      . . . (3) 

The different types of model such as linear, exponential, power, II order polynomial and III 

order polynomial models were used to develop water yield (rainfall runoff) models for study 

area. The mathematical expression of different models is given in Table 1. 

Table 1: Mathematical expression of different water yield models 

S. No. Model name Mathematical Expression Eq. No. 

1 Linear model Qr= (a1)r +a2 . . . (4) 

2 Exponential model Qr = (a1) e
 b (r)

 . . . (5) 

3 Power model Qr = a1(r)
b
 . . . (6) 

4 II order polynomial Qr = a1(r)
2
 + a2(r) + a3 . . . (7) 

5 III order polynomial Qr = a1 (r)
3
 + a2(r)

2
 + a3(r) + a4 . . . (8) 

Where, 

Qr = Observed runoff depth, (mm), 

r = Observed runoff producing rainfall, (mm), and 

b, a1, a2, a3, a4 = Constants. 



The water yield models were also developed based on gauged micro agricultural watershed 

conditions. The different water yield models were developed for different monsoon months 

and annual rainfall.  

Validation of models 

Validation of predicted runoff yields by developed water yield models for the study area was 

made by comparison of predicted and the observed runoff series. A linear correlation between 

predicted and observed runoff series indicates better closeness between predicted and 

observed runoff series. The values of correlation coefficient (R) between predicted and 

observed runoff was determined which should be closer to one for better closeness. 

Performance evaluation criteria for developed RR model 

This study employed two quantitative evaluation criteria to assess the predictive efficiency of 

rainfall-runoff model. The first criterion was coefficient of determination that measures the 

closeness between the observed and predicted value of runoff. The second criterion was the 

errors of measures that represent root mean square error between the pair of the data values. 

The first evaluation criteria was the coefficient of determination (R
2
), which is expressed as, 

𝑅2 =
  𝑂𝑖  𝑃𝑖 −[

 𝑂𝑖  𝑃𝑖
𝑁

]2

  𝑂𝑖
2−{

  𝑂𝑖 
2

𝑁
}    𝑃𝑖

2−{
  𝑃𝑖 

2

𝑁
}  

         . . . (9) 

Where,  

Oi = Observed runoff, (mm), 

Pi = Predicted runoff, (mm), and 

N = Number of observations. 

The value of R
2
 will lie between 0 and 1 and will indicate how closely the observed and 

predicted runoff related. If coefficient of determination is closer to one it indicate better 

closeness. 

The second evaluation criteria was the root mean square error (RSME), which indicates the 

difference between a pair of data values and is expressed as, 

𝑅𝑆𝑀𝐸 =   
  𝑂𝑖−𝑃𝑖 

2𝑁
𝑗=1

𝑁
      . . . (10) 

Where,  

Oi = Observed runoff, (mm), 

Pi = Predicted runoff, (mm), and 

N = Number of observations. 

The value of RSME should be close to Zero for better prediction of runoff. 
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RESULTS AND DISCUSSION 

Rainfall – runoff models were developed to predict runoff from a micro agricultural 

watershed under gauged. 

Rainfall – Runoff models for gauged watershed 

Monthly rainfall, runoff producing rainfall and observed runoff data were collected for 

selected ten years (1994, 1996, 1997, 2004, 2006, 2007, 2008, 2009, 2010 and 2011) in micro 

agricultural watershed and are given in Table 2 & 3. Mean monthly rainfall, mean runoff 

producing rainfall and runoff observed were calculated from daily data and are shown in 

Table 4. Results revealed that the highest mean rainfall and runoff producing rainfall was 

recorded in the month of August with the highest runoff of 441.21 m
3
. The total mean runoff 

producing rainfall produced runoff of 1004.37 m
3
 from 1.99 ha micro agricultural watershed.  
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Table 4: Mean monthly rainfall, runoff producing rainfall and runoff of selected ten 

years from micro agricultural watershed D.F.R.S., Arjia, Bhilwara 

S.No. Months 

Mean Monthly 

rainfall,  

mm 

Mean Runoff 

Producing 

 rainfall,  

mm 

Mean 

Runoff, 

m
3
 

1 June 100.48 64.88 100.07 

2 July 268.92 153.66 355.68 

3 Aug 269.20 173.64 441.21 

4 Sep 80.38 39.34 77.40 

5 Oct 2.14 0.00 0.00 

6 Nov 18.62 12.60 30.01 

7 Dec 3.82 0.00 0.00 

  
743.56 444.12 1004.37 

Developed models (RR) 

The five different models have been developed between observed daily rainfall and runoff 

based on selected ten years data. The five different models namely linear model, II order 

polynomial model,III order polynomial model, exponential model, and power model were 

developed. Similarly, rainfall – runoff models for different months of monsoon season were 

developed and are shown in Table 5 and 6. Runoff prediction models were also developed 

based on annual rainfall and runoff for selected ten years and are shown in Table 7. 

Selection of best model 

The different models were developed under gauged condition of micro agricultural watershed 

in the Bhilwara region based on selected ten years. The simple model based on rainfall only 

has been developed for micro agricultural watershed of Bhilwara district using linear model, 

II order polynomial model, III order polynomial model, exponential model, power model and 

tested for suitability. The runoff estimated by developed models and observed runoff has 

been compared using root mean square error (RMSE) and coefficient of determination (R
2
). 

Value of R
2
 and RSME of the developed models are shown in Table 5, Table 6 and Table 7. 

Results revealed that linear regression model has lesser value of RMSE and higher value of 

R
2
 as compared to rest of the models (Table 5). Thus, linear regression model has been found 

the best model for prediction of runoff from a micro agricultural watershed in the Bhilwara 

(Fig.2).The model structure of developed model is expressed as,  
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Q
r
 = 0.138(r) - 0.001           (R² = 0.821)    . . . (11) 

Table 5: Developed rainfall-runoff models, coefficient of determination (R
2
) and root 

mean square error (RMSE) for prediction of runoff from gauged micro 

agricultural watershed at D.F.R.S. Arjia, Bhilwara. 

Model a1 a2 a3 a4 b R
2
 RMSE 

Linear 0.138 -0.001 - - - 0.821 2.73 

II poly 0.00 0.079 0.801 - - 0.855 3.86 

III poly 2E-06 -0.00 0.137 -0.434 - 0.858 4.13 

Exp 2.046 - - - 0.016 0.559 10.49 

Power  0.077 - - - 1.08 0.626 2.77 

Similarly, III order polynomial model was found best for prediction of runoff in June month. 

Whereas, linear regression model was found best model in July, September and August 

months. II order polynomial model was found best model for prediction of annual runoff 

from micro agricultural watershed. 

The model structure of rainfall – runoff models for different months were expressed as, 

i) June 

Q
r
 = -3E-05(r) 

3
 + 0.009(r) 

2
 - 0.672(r) + 19.89         (R² = 0.834)    . . . (12) 

ii)  July 

Q
r
 = 0.171(r) - 3.922     (R² = 0.887)    . . . (13) 

iii) August 

Q
r
 = 0.13(r) + 0.188      (R² = 0.775)    . . . (14)  

iv) September 

Q
r
 = 0.102(r) + 0.025      (R² = 0.939)      . . . (15)  

Similarly, the model structure for annual rainfall - runoff model was expressed as,  

Q
a
= 3E-05(X

1
)
2
 + 0.077(X

1
) - 24.64                             (R² = 0.956)      . . . (16)  

 



 

 

Fig.2: Relationship between runoff producing rainfall and runoff for selected 10 years 

 

 

Fig. 3: Relationship between runoff producing rainfall and runoff in June month for 

selected 10 years 
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Fig. 4: Relationship between runoff producing rainfall and runoff in July month for 

selected 10 years 

 

 

Fig. 5: Relationship between runoff producing rainfall and runoff in August month for 

selected 10 years 
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Fig.6: Best model for runoff producing rainfall and runoff in September month for 

selected 10 years 

 

 

 

Fig. 7: Relationship between annual rainfall – runoff for selected 10 years 

Table 6: Developed rainfall-runoff models, coefficient of determination (R
2
) and root 

mean square error (RMSE) in different months for prediction of runoff from 

gauged micro agricultural watershed at D.F.R.S. Arjia, Bhilwara. 
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Model June 

a1 a2 a3 a4 b R
2
 RMSE 

Linear 0.100 0.536 - - - 0.706 0.82 

II poly 0.002 -0.219 +10.55 - - 0.833 2.42 

III poly -3E-05 0.009 -0.672 19.89 - 0.834 0.785 

Exp 2.-45 - - - 0.013 0.716 0.79 

Power  0.271 - - - 0.782 0.647 0.865 

Model July 

a1 a2 a3 a4 b R
2
 RMSE 

Linear 0.171 -3.92 - - - 0.887 2.92 

II poly 0.00 0.067 0.404 - - 0.918 6.36 

III poly 2E-06 -0.0 0.145 -1.437 - 0.920 6.47 

Exp 1.956 - - - 0.014 0.582 7.00 

Power  0.024 - - - 1.323 0.691 2.92 

Model August 

a1 a2 a3 a4 b R
2
 RMSE 

Linear 0.13 0.188 - - - 0.775 1.99 

II poly 1E-05 0.128 0.229 - - 0.775 1.99 

III poly -6E-06 0.001 0.044 1.568 - 0.778 2.81 

Exp 2.191 - - - 0.018 0.587 2.82 

Power  0.140 - - - 0.970 0.611 2.07 

Model September 

a1 a2 a3 a4 b R
2
 RMSE 

Linear 0.102 0.025 - - - 0.939 0.713 

II poly 0.00 0.070 0.699 - - 0.942 1.25 

III poly 1E-06 4E-06 0.080 0.598 - 0.942 3.37 

Exp 1.606 - - - 0.018 0.783 0.846 

Power  0.133 - - - 0.921 0.801 0.842 

 

Table 7: Developed rainfall-runoff, coefficient of determination (R
2
) and root mean 

square error (RMSE) for prediction of annual runoff from micro agricultural 

watershed at D.F.R.S. Arjia, Bhilwara. 



Model a1 a2 a3 a4 b R
2
 RMSE 

Linear 0.117 -37.76 - - - 0.953 6.25 

II poly 3E-05 0.077 -24.64 - - 0.956 2.20 

III poly 2E-07 1E-05 0.181 62.45 - 0.959 29.58 

Exp 3.682 - - - 0.003 0.910 11.64 

Power  2E-05 - - - 2.177 0.965 12.28 

 

CONCLUSIONS 

The rainfall runoff models were also developed for gauged micro agricultural 

watershed.Linear model gave best results with daily rainfall data and II order polynomial 

model gave best results with annual rainfall of gauged micro agricultural watershed. III order 

polynomial model was found best for June and Julyand linear model was found best for 

August and September month. The model structure of linear model(for daily rainfall data) is 

as under:  

Q
r
 = 0.138(r) - 0.001           (R² = 0.821)  
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Ipomoea (Ipomoea carnea, also called I.fistulosa), an amphibious shrub, is among the most 

dominant and harmful of the weeds that have infested the world‘s tropical and sub-tropical 

regions. It is an evergreen, flowering, exotic plant which was initially used to make fences 

but has become very widespread owing to its hardiness, high reproductive success, and very 

fast rate of growth. Its rampant colonization of landmasses and shallow wetlands has proved 

disastrous in terms of loss of biodiversity, loss of nutrients, and other forms of 

ecodegradation. It is a particularly serious scourge of water resources as it first colonizes than 

destroys wetlands.  

 

The degradation of dead leaves and plants of ipomoea, which occurs both aerobically and 

anaerobically in the nature, release enormous quantities of global warming gases CO2 and 

CH4. Hence we have made attempts to vermicompost ipomoea so that most its carbon content 

can be returned to the soil. This paper describes these efforts.  

 

KG Control of global warming Banu 23.10.13 
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Prediction of magnitudes of likely occurrence of floods is of a great importance for solution 

of a variety of water resources problems. As per the Indian hydrologic design criteria, 

frequency based floods find their applications in estimation of design floods for almost all the 

types of hydraulic structures viz. small size dams, barrages, weirs, road and railway bridges, 

cross drainage structures, flood control structures etc., excluding the large and intermediate 

size dams. However, for design of large and intermediate size dams probable maximum flood 

(PMF) and standard project flood (SPF) are adopted, respectively. Whenever, rainfall or river 

flow records are not available at or near the site of interest, it is difficult for hydrologists or 

engineers to derive reliable flood estimates, directly. In such a situation, flood formulae 

developed for the region are one of the alternative methods for prediction of design floods, 

especially for small to medium catchments. The conventional flood formulae developed for 

different regions of India are empirical in nature and do not provide estimates for desired 

return periods; and thus do not meet the requirements of the Indian hydrologic design criteria 

. Further, in a developing country like India a large number of small to medium size 

catchments are ungauged and many water resources projects are being planned in such 

catchments. Hence, there is a need for development of regional flood frequency relationships 

based on the state of art technique of L-moments for prediction of floods of various return 

periods for the gauged and ungauged catchments of the various regions of our country.  

 

L-moments are a recent development within statistics. The L-moments offer significant 

advantages over ordinary product moments. This paper explains screening of the annual 

maximum peak flood data employing the L-moments based discordancy measure (Di) and 

testing of homogeneity of a region using heterogeneity measure (H). The paper also 

illustrates procedure of identification of the robust frequency distribution amongst the various 

distributions, based on L-moment ratio diagram and Z
dist

 -statistic criteria.   



 

In this study, the annual maximum peak flow data of 21 stream flow gauging sites of small 

catchments of the Upper Indo-Ganga plains Subzone-1 (e) of India are screened using the discordancy 

measure (Di) and homogeneity of the region is then tested employing the L-moments based 

heterogeneity measure (H). For computing heterogeneity measure H, 500 simulations are performed 

using the Kappa distribution. Comparative regional flood frequency analysis studies are conducted 

using the L-moments based twelve frequency distributions namely Extreme value (EV1), Generalized 

extreme value (GEV), Logistic (LOS), Generalized logistic (GLO), Normal (NOR), Generalized 

normal (GNO), Uniform (UNF), Pearson Type-III (PE3), Exponential (EXP), Generalized Pareto 

(GPA), Kappa (KAP) and five parameter Wakeby (WAK). Based on the L-moments ratio diagram 

and |Zi 
dist

| -statistic criteria, the robust frequency distribution has been identified for the study area. 

Regional flood frequency relationships are developed for gauged catchments using the L-moments 

based robust identified frequency distribution.  
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Introduction - Malaria is an infectious disease that is caused by mosquito-borne plasmodium 

parasite which infects the red blood cells. It‘s one of the deadliest diseases in India. There‘s 

no vaccine for malaria yet and immunity occurs naturally through repeated infection. 

Common symptoms are fever, chills, vomiting, nausea, body ache, headache, cough and 

Diarrhea. If untreated, it can lead to complications like jaundice, dehydration, anemia, brain 

malaria, liver failure and kidney failure. Children, pregnant women, and the elderly – anyone 

with decreased immunity is at a greater risk [1]. 

Causes of Malaria 

[1] Malaria is caused by the Plasmodium parasite. The parasite can be spread to humans in 

parasite, but only five types cause malaria in humans. These are listed below. 

 Plasmodium falciparum: mainly found in Africa and responsible for most malaria 

deaths worldwide.  

 Plasmodium vivax: mainly found in Asia and Latin America. This parasite produces 

less severe symptoms than Plasmodium falciparum, but it can stay in the liver for up 

to three years, which can result in relapses.  

 Plasmodium ovale: fairly uncommon and usually found in West Africa. It can remain 

in your liver for several years without producing symptoms.  

 Plasmodium malariae: this is quite rare and usually only found in Africa.  

 Plasmodium knowlesi: this is very rare and found in parts of Southeast Asia. 

The Plasmodium parasite is spread by female Anopheles mosquitoes, known as night-biting 

mosquitoes, because they usually bite between dusk and dawn. If a mosquito bites a person 

infected with malaria, it can also become infected and spread the parasite on to others. The 



parasite enters the bloodstream and travels to the liver. The infection develops in the liver 

before re-entering the bloodstream and invading the red blood cells. The parasites grow and 

multiply in the red blood cells. At regular intervals, the infected blood cells burst, releasing 

more parasites into the blood. Infected blood cells usually burst every 48 to 72 hours. Each 

time they burst, will have a bout of fever, chills and sweating [1]. 

Methodology 

Samples are collected from different location of Pratap Nagar (ward no.32) and Jhotwara 

(ward no. 10) of Jaipur city of Rajasthan. GPS (Global Positioning System) is used to acquire 

latitude, longitude and elevation of ground. Different tests are performed on these samples 

such as total solid (TS), total dissolved solid (TDS), pH, hardness and turbidity.  

Result and Discussion 

Samples are collected from different locations and tests are performed on these samples 

showed in Table 1. Total Solid (TS) have somehow similar value of all samples instead of 

three samples same as for total dissolved solids (TDS). pH values of all samples have almost 

same values, which indicated that all water samples are fresh water. Hardness test indicate 

that water samples have value less than 600 mg/l (standard for drinking water), which shows 

that all samples had fresh water.  Turbidity values for samples are not showing much 

variation except few samples, these values also indicated that samples had fresh water.  

Samples collected from all location have seen visibly carefully and found that all samples 

have larva formation. As it has known that for larva development they require fresh and 

stagnant water bodies. The tests especially pH, hardness and turbidity showed that water is 

fresh in these waterlogged bodies. Therefore it is necessary to clean and remove larva 

development from these waterlogged areas. 
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Table 1 Water Quality Analysis of Samples of Waterlogged Area 

SAMPLE Elevation 

(Meter ) 

Latitude 

(Degree 

Decimal) 

Longitude 

(Degree 

Decimal) 

TS 

(mg/L) 

TDS       

(mg/L) 

pH Hardne

ss 

(mg/l) 

Turbidity 

NTU 

1. 1117 26.79955 75.81557 250000  150000  6.89 350 67 

2. 1167 26.79946 75.81559 200000  150000  6.76 406 95 

3. 1174 26.80170 75.81315 150000  100000  6.62 386 83 

4. 1193 26.80817 75.80990 200000  150000  6.78 401 158 

5. 1411 26.80734 75.80605 100000   50000  6.88 396 134 

6. 1425 26.80744 75.80605 250000  200000  6.94 378 43 

7. 1436 26.93331 75.73464 200000  150000  6.92 302 170 

8. 1440 26.93405 75.73615 150000  100000  6.65 298 202 

9. 1603 26.93405 75.73615 250000  200000  6.85 354 77 

10. 1446 26.94180 75.73334 300000  250000  6.82 346 84 

 

References 

1. http://www.webmd.com/a-to-z-guides/malaria-directory 
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Land use/ cover mapping is essential component where in other parameters are integrated on 

the requirement basis to drive various developmental index for land and water resource. India 

is facing a serious problem of natural resource, especially that of water in view of population 

growth and economic development. As a result land use land cover change has become a 

topic of tremendous interest within the human dimensions of the environmental change 

research community. Land Cover, defined as the assemblage of 

biotic and abiotic components on the earth‘s surface is one of the most crucial properties of 

the earth system. Land cover is that which covers the surface of the earth and land use 

describes how the land cover is modified. Land cover includes: water, snow, grassland, 

forest, and Land Use includes agricultural land, built up land, recreation area, and 

wildlife management area etc, Developed through human interactions. 

 

The study area comprised of the Satluj River basin up to the Kol dam, lies between 31º 13´ to 

32º 33´ North and 76º 50´ to 79º 00´ East, located in the Western Himalayan mountain range. 

The Satluj River rises in the lakes of Mansarovar and Rakastal in the Tibetan Plateau at an 

elevation of about 4572m and is one of the main tributaries of the Indus River. The elevation 

of the catchment varies from 500 to 7000 m, although only a very small area exists above 

6000 m. Annual rainfall of the basin varies from 384 mm to 2683 mm. Minimum and 

maximum temperatures of the basin ranges from 0.7° C to 17°C and 19°C to 31°C 

respectively. 

The main objective of the present study is to analyses the nature 

and extent land use/land cover changes. The study investigates the land use land cover 

change in the last ten years. Traditional data from topographical map and other sources are 

although useful but can‘t completely provide the changes occurred during this period. 



Remote Sensing and Geographical Information System are recent techniques which are being 

used for detecting land use and land cover change. Accordingly multitemporal cloud free 

satellite data set procured from (NRSC, Hyderabad). The satellite data of IRS LISS for dates 

i.e. 2000 and 2011 have been used in the present study. 

 

The images have been rectified and corrected for distortion before further image processing. 

Land use/land cover change detection has been done through supervised classification 

method using maximum likelihood algorithm. In the supervised classification, minimum 

distances to mean and nearest neighborhood classifiers were run on the LISS – III images. 

This approach is totally dependent on the spectral pattern recognition (Lillesend, kiffer 1994). 

This classification is performed based on the classification scheme of National Remote 

Sensing Centre (NRSC), Department of Space (Govt. of India) and indices like Normalized 

Difference Vegetation Index (NDVI), Normalized Difference Water Index (NDWI), and 

Normalized Difference Snow Index (NDSI) have been used. 

Satluj River Basin is a hilly area with forest cover as the main natural resource. LISS III 

Images of different dates i.e. October 2000 and 2011have been identified. The total study 

area is 18,419 km
2
. Seven land use classes are identified for change detection studies. As 

revealed from the study the land use in the region has changed significantly. In the year 2000, 

the region is dominated by barren land (53.39 %) followed by dense forest (21.24 %), snow 

(10.23 %), and open forest (7.37 %). Barren land is becoming dominant (mostly in upper part 

of the basin) due to the melting of snow during October which exposes the barren land and 

green part. Water bodies coverage is insignificant. Shadow areas with coverage of 8.18 % of 

total area have been found in the entire image analyzed. This shadow category is the lee-ward 

side of the mountain, and is mainly of forest. In the year of 2011, the land use percentages are 

barren land (51.34%), dense forest (21.24%), snow (10.135), shadow (8.26%), open forest 

(6.26%), open land (2.33%), water body (0.41%). Water is one of the most indispensable 

resources and is the elixir of life. Water bodies included   streams and river. Water bodies 

cover only 0.29% of the total area in the year 2000 which increases to 0.41% in 2011 

probably due to seasonal variation. This is a good sign in view of the drinking water 

resources. During the last ten years, the forest coverage increased by 2%, due to the CAT 

(Catchment Area Treatment) plan by the Himachal Pradesh State Forest Department. 

Different types of plantations approved for providing adequate vegetative cover to the basin, 

which were either barren, landslide inflicted or scrubby. Looking at the result of this research, 



Proceedings of National Conference on Hydrology  
with Special Emphasis on Rain Water Harvesting (NCHRWH-2013) 
November15-16, 2013, Poornima Group of Institutions, Jaipur  

   

77 
 

one of the most important findings is that the forest cover is changed dramatically during the 

ten year. This phenomenon could be attributed to two reasons: firstly, the Satluj River Basin 

is very sensitive to seasonal effects and secondly, different types of plantations approved for 

providing adequate vegetative cover to the basin on the other hand; the decrease in barren 

land is a welcoming trend.  

Finally, it is expected that further similar kind of work would lead to better understanding 

of image processing for change detection purposes. However, it is recommended to derive 

change detection on regular interval, so that the information can be updated through time. 
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Tehri Dam Project is a storage dam located downstream of confluence of rivers 

Bhagirathi and Bhilangana. Tehri hydro power complex is a multipurpose scheme consisting 

of Tehri HPP (4X250 MW), Tehri PSP HPP (4X250 MW) and Koteshwar HEP (4X100 MW) 

designed for storing surplus water of floods during monsoon and there by moderate the 

floods.  The water stored is utilized for irrigation and drinking throughout the year while 

generating 2400MW of peaking power. At Tehri turbines run round the clock during 

monsoon while only peaking power (3-6 hrs) is generated during rest of the lean period. Tehri 

Dam is designed to cater Probable Maximum Flood (PMF) of 1. 

One of the important roles of Tehri dam is to store flood water in the reservoir and 

safeguarding the downstream population from its devastating effect. Tehri dam, even in the 

worst scenario is capable to store the peak of flood and thereafter passing the same to the 

downstream in a regulated manner to mitigate the impact of flood. During the floods of 2010 

and 2011, Tehri dam played a crucial role in averting the flood of higher order in the river 

Ganga and mitigated havoc, had the high flood inflows in Bhagirathi not been stored.  

In the years 2010, when all the major rivers were running at their highest level on 19-

20 Sep., the discharge of river Bhagirathi went above 3500 Cumecs (122500 Cusecs) at Tehri 

whereas only 800-900 cumecs (28000-31500 Cusecs) was released from the Tehri dam at the 

time of peak discharge. At this point of time discharge from Alaknanda and other tributaries 

of Ganga were also heavy and flood situation at Rishikesh and Hardwar was grim and water 

was much above danger level. Tehri dam by storing the most of the flood water of river 

Bhagirathi in its reservoir, mitigated the flood discharge in the river Ganges which otherwise 

would have further increased the water level of at Rishikesh and Hardwar 1.5-2.0m. 



In the year 2011 on 16th Aug. also, Bhagirathi discharge went above 3600 Cumecs 

(126000 Cusecs) but only 900 Cumecs (31500 Cusecs) was released. Thus Tehri dam again 

mitigated impact of flood at Rishikesh and Haridwar towns which were already facing havoc 

of highly flowing river Ganges.   

Even in the recent flood of river Ganga during 16
th

 & 17
th

 June, 2013, discharge at 

Haridwar rose up to around 15000 Cumecs and water level reached 295.90 m in the evening 

of 17
th

 (i.e. 1.90 m above danger mark of 294.00m). In fact this flood was the contribution of 

river Alaknanda and tributaries of river Ganga in between Devprayag and Haridwar only as 

the flood of the order of about 7500Cumecs (262500 Cusecs) peak discharge in river 

Bhagirathi had been stored in the Tehri reservoir by releasing only 500Cumecs (17500 

Cusecs). Had the Bhagirathi flood not been stored in Tehri dam, the peak discharge would 

have gone up to around 22000 Cumecs (770000 Cusecs) and devastation by this flood, not 

only at Haridwar but above and below Haridwar also, would have been beyond imagination 

with anticipated rise of 2.5 to 3.0m in water level above the observed highest level. It is 

gathered from the available records that recent flood in Ganges would have been of the order 

or even higher which had happened in the year 1924, had Bhagirathi flood not been hold by 

Tehri dam. This paper presents the details of Tehri and Non-Tehri flood scenarios. 
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INTRODUCTION 

India is blessed with vivid geographical region, climates, religions, thus have various 

monuments from different corners of ancient culture. As the new era approached India has 

become a developing country with various problem of urbanization. One of the major 

problem we are facing now a day is water crisis and the proper solution is unknown but still 

we can go for new approach where we can save ancient monument as well solve water 

problem. Rainwater harvesting can be answer to this since India has good rainfall records and 

we can redirect it to our benefits. Rainwater harvesting is the accumulation and storage of 

rainwater. It has been used to provide water for drinking and livestock. There is lots of 

technique used for rain water harvesting and we have selected Galtaji which is an 

ancient Hindu pilgrimage site in the town of Khania-Balaji, about 10km away from Jaipur, in 

the Indian state of Rajasthan. The site consists of several temples and sacred kunds (water 

tanks) in which pilgrims bathe. The temple was built by Diwan Rao Kriparam, a courtier of 

Sawai Jai Singh II, in the 18th Century.[1] The main temple is the Temple of Galtaji, built in 

pink stone. The temple features a number of pavilions with rounded roofs, carved pillars, and 

painted walls. The complex is set around a natural spring and the waterfalls that create two 

tiered pools, the upper and lower pool, used for bathing by pilgrims. The temple is famous for 

its natural water springs. Which draw special attention of the visitors. The water of these 

springs is accumulated in the tanks (kunds). There are seven tanks, the holiest being the 

GaltaKund, which never goes dry. The water overflowing through the kund goes waste and 

thus we can utilize this resource for daily purpose like 

irrigation cleaning and even drinking for cattle‘s. Since 

Rajasthan is in hot arid zone, there is lack of water.  

 



Purpose of project: Water Harvesting and Restoration of heritage. Use the waste water of 

GALTA JI which comes out from the lower kund means JANNANA KUND. So thatwater 

utilized by making short reservoir of 15*15*15feet.  So by few modifications in the structure 

of the temple we can supply the water to the nearby villages as well as maintain the hygienic 

condition in the temple by daily cleaning of steep steps which may cause accident [2]. 

METHODOLOGY  

Water quality Testing: samples are collected from the kund to determine the quality of 

water and decide the need of treatment plant. There are numerous processes that can be used 

to clean up that wastewater. The basic parameters have been checked for the water quality 

assessment: pH Test, Conductivity Test, Total Dissolved Solids, Total Solids and Turbidity.  

Table 1 Test result of Gomukh Sample 

Test Performed 
Sample Locations 

Gomukh Janana Kund 

pH 7 8.2 

Conductivity 0.7 70 ms 

Total Solid 0.001 ms(Pure Water) .01 

Total Dissolved 

Solids 

0.0002 (Pure Water) .033 

Turbidity 5.5 NTU 105 NTU 

                                                        

After performing various test it is found that water directly from Gomukh( spring) is pure and 

can be used directly for daily use but the water in the Janana kund have contamination due to 

human activities and thus need treatment. Therefore it is require o modify the structure of 

Janana kund and connect with a pipeline system. Since the Kund is at higher elevation we can 

achieve gravity distribution system to supply water. 

Result and Conclusion: To Use The Water which got wasted in JANNANA KUND, Firstly 

we have to provide a separate channel for water by making adjustments in its structure. 

Through this Channel we‘ll have to collect water in the water treatment plant where a simple 

charcoal filter and sand filter will be used. In plant we have to process the water to make it 

suitable for its domestic use. After completion of purification we can deliver it in nearby 

villages through pipelines.  
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The Holy Places like JANNANA KUND can be made best use by harvesting the waste water 

so that water needs of nearby village can be served better. It provides an excellent example of 

harvesting Water in a way it‘ll enlighten all the temple monks to create such system all over 

the country to reduce water loss. 
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Hirakud reservoir in the Mahanadi system of Odisha, since its inception to commissioning 

during the period from 1951 to 1957 has been considered as a major flood control tool for the 

down stream delta comprising fertile lands with a high population density. With no dedicated 

flood cushion, the live storage capacity of the reservoir in comparison to it‘s contributing 

catchment looks meager for flood moderation purpose. A statistics of last two decades shows 

that the monsoon inflow is more than six times the live storage capacity in a good year to at 

least three times in an average monsoon. The capacity of the reservoir is decreasing 

continuously over time due to siltation caused by de-forestation in the catchment area and 

various such reasons. Further, change in rainfall pattern resulted in short term high intense 

flow into the reservoir, which makes the flood moderation task still difficult with the 

minimum storage space available particularly in the latter part of monsoon. Considering this, 

it is thought to have a continuous monitoring of the live storage capacity of the reservoir for 

conservation as well as for flood moderation. Various attempts have been made to carryout 

such studies with actual reservoir survey also by using techniques of remote sensing which 

are not cost effective as well as time consuming. Attempts have been made in this paper to 

establish a theoretical relation of the simple concept of reservoir routing and reservoir 

capacity, so as to monitor the live storage capacity of the reservoir more frequently. To 

carryout this study the inflow, outflow and the corresponding storage have been accounted 

for. The observed data set for the period from 2001 to 2011 have been considered in the 

analyses. The existing Elevation- Area- Capacity data set of the year 2000 has been taken as 

the datum. The food event of 2011 has been considered for analysis. During flood of 2011, 

the reservoir started building since 19th July with reservoir level at 596.15 ft on the day and 

the 2 peak flood has occurred on 29th September. The reservoir attended the maximum of 

630 ft. level on 29th September. On analysis, it is observed that the maximum volume 

reached during peak observed level of 629.27ft. and at Full Reservoir Level (630 ft.) are 

3.440 and 3.549 MAc.ft respectively against a capacity of 3.91 M.Ac.ft at 630 ft level as per 

the observed Elevation Area Capacity (EAC) curve of the year 2000. Also, the loss in gross 



storage capacity has been derived as shown in Table.1. It is seen that the cumulative loss at 

625-630 ft. level is around 9.43% of live capacity of 2000 (Fig.1). The study also reveals that 

the reservoir has almost lost its total capacity within 590-595 ft level and around 58% lost 

within 595-600 ft. level. 

 

Table 1 

Cumulative loss in reservoir capacity  in MAc.Ft.= Million Acre Feet and Cumulative 

Volume in Lakh Cubic ft. Reservoir Level(ft.) As per EAC‘2000 Observation 2011 % Loss in 

volume 

 

590-595 112550 0 100 

595-600 246387 102060.8 58.58 

600-605 403697 257313 36.26 

605-610 587172 444499.6 24.30 

610-615 803536 661941.7 17.62 

615-620 1060599 924402.7 12.84 

620-625 1358443 1223408 9.94 

625-630 1701034 1544028 9.23 

 

The study reveals the following concluding remarks: 

 

1. The reservoir has lost almost 9.43% of its live storage between DSL and FSL in last 

11 years (2000-2011). 

2. Complete volume has lost in the range of 590 to 595 ft levels and around 58% is lost 

in the range of 595 to 600 ft. levels. 

 

And finally as a recommendation on these, this may be treated as a concern for the planner 

and other stake holders of Hirakud reservoir. A new demand - supply policy to be initiated 

for managing the critical situations especially during high flood. Steps may be taken for 

catchment treatment in order to reduce the sedimentation of the reservoir. 
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This paper examines the hydrological issues of Alaknanda Basin of Garhwal Himalaya of 

Uttarakhand state. The basin came into lime light after June 16-17, 2013 Kedarnath flood 

disaster. In this disaster, Kedarnath temple was damaged and more than 10,000 human lives 

were lost. Apart from this road network of entire Alaknanda and Bhagirathi basins also got 

damaged. 

 The Alaknanda is one of the two headstreams of the River Ganges. The other 

headstream is Bhagirathi which is longer and is the source stream, originating from Gangotri. 

The Alaknanda basin is extended between 30
o
 0‘ N-31

o
 0‘ N and 78

o
 45‘ E - 80

o
 0‘ E, 

representing  the eastern part of the Garhwal Himalaya. The total catchment area of the 

Alaknanda basin upto Devprayag is  12587.23 Km
2
.The Alaknanda basin is endowed with 

bounty of water resources accounting for about 8% of the total water resources in the country. 

 N the basin there are 06 commissioned Hydro Electric Projects. 08 projects are in the 

advanced stage of construction and 24 projects are in different stages of planning. 

 The hydro-power projects of the basin have been controversial from the beginning 

and a number of studies have been conducted in the past to assess the cumulative impact of 

these projects. Some of the reports are available on the MoEF website (www.moef.nic.in). 

 In order to understand the hydrological issues of the basin, as a first step, entire 

Alaknanda basin right from Devprayag to Mana was visited from May 23-26, 2013.  

 In June 2013, a multi-day (June 15-17) cloudburst centered on Uttarakhand caused 

devastating floods in the Alaknanda Basin. On 16 and 17 June 2013, heavy rains together 

with moraine dammed lake (Chorabari Lake) burst caused flooding of Saraswati and 

Mandakini Rivers in the Alaknanda basin.   The paper presents the detailed analysis of June 



15-17, 2013 rainfall event gathered from different sources. The paper also discusses possible 

causes of the disaster at the Kedarnath temple. 
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Climate Change refers to any systematic change in the long-term statistics of climate 

elements (such as temperature, pressure, or winds) sustained over several decades or longer 

time periods. General Circulation Models (GCMs) are tools designed to simulate time series 

of climate variables globally, accounting for effects of greenhouse gases in the atmosphere 

and resulting global climate change. They are currently the most important tools available for 

simulating the response of the global climate system to increasing greenhouse gas 

concentrations, and to provide estimates of climate variables on a global scale. The spatial 

scale on which a GCM can operate is very coarse compared to that of a hydrologic process of 

interest in the climate change impact assessment studies. Moreover, accuracy of GCMs, in 

general, decreases from climate related variables, such as wind, temperature, humidity and air 

pressure to hydrologic variables such as precipitation, evapotranspiration, runoff and soil 

moisture, which are also simulated by GCMs. These limitations of the GCMs restrict the 

direct use of their output in hydrology. Hydrologic implications of global climate change are 

usually assessed by downscaling appropriate predictors simulated by General Circulation 

Models (GCMs). Conventionally rainfall is first downscaled with dynamic or statistical 

downscaling and then the predicted rainfall is used in hydrologic models to forecast 

hydrologic scenarios of future.  

 

Key Words: Climate Change, Downscaling, hydrologic scenarios. 
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It is impracticable in the world and India in particular to collect discharge information for all 

its streams considering their lengths. Even if such discharge information were collected, it 

will be of infinitesimal use as the locations of the gauges utilized in such tedious work may 

not be the intended location for any particular project. Hence the development of 

hydrological models to simulate water movement through streams was initiated. Routing in 

channels has also been a vital concern to man to determine the characteristic features of a 

propagating flood wave in his efforts to improve the transportation of water through man-

made or natural waterways and also for flood forecasting for protecting life and properties 

from the adverse effects of flooding. In extreme cases discharge information are not suffice 

or absolutely unavailable in developing and underdeveloped countries like Sierra Leone. 

   Flood routing methods are broadly classified as hydrologic and hydraulic methods and due 

to the non-availability of morphometric and hydrometric data at smaller spatial scale, the 

hydraulic routing methods are not widely used in practice. Therefore, simplified hydraulic 

methods are used in practices which are categorized into linear simplified channel routing 

methods and variable parameter simplified channel routing methods. The linear simplified 

routing methods are based on the assumption of linearity which is in contradiction with the 

nonlinear behavior of flood wave movement in river and channel. This gives the efficacy of 

the variable parameter simplified channel routing methods over the linear simplified channel 

routing methods to mimic real flood wave propagation in rivers and channels. Most of the 

widely used variable parameter methods are derivative of the Muskingum method and has the 

ability to mimic real flood situation which makes it an important topic of discussion over the 

decade and recent time. 

   The objective of this paper is to compile different variable parameter Muskingum methods 

available in literature for the critical review of the theories behind these methods from the 

consideration of consistency with the hydrodynamic theory of unsteady flow in open 



channels. The five variable parameter Muskingum methods selected for discussions are 

Multilinear Muskingum flood routing method, the variable parameter Muskingum-Cunge 

method, the variable parameter Muskingum-Cunge-Todini method, the variable parameter 

Muskingum-Price method and the variable parameter McCarthy-Muskingum method. These 

methods were selected on the basis that they are less cumbersome in understanding the 

rationale behind the Muskingum method, they have variable parameters, they should have no 

deficiency in terms of mass conservation and they should be capable of reproducing the 

benchmark solution of the Saint-Venant equations. 

   The findings based on review of literature shows that the multilinear Muskingum flood 

routing method can account for nonlinearity in the flow wave movement better than another 

multilinear models and only the variable parameter Muskingum-Cunge method that is not 

fully mass conservative with a mass balance error that can reach a value of 3 to 10 percent. 

All the five variable parameter Muskingum methods selected cannot be used for routing in 

rivers or channels in the presence of backwater effects and also in rivers and channels 

characterized by bottom slope less than 0.0002.  The variable parameter Muskingum-Cunge-

Todini and Muskingum-Price Methods are both fully mass conservative, cumbersome and 

yield the same end results, though the approaches followed in the development of these 

methods are different. The variable parameter McCarthy-Muskingum method is fully volume 

conservative, less cumbersome in understanding the rationale behind the Muskingum method 

and enables the estimation of the stage hydrograph corresponding to the routed discharge 

hydrograph at the outlet, unlike the variable parameter Muskingum-Cunge-Todini methods 

which estimates the stage hydrograph at the mid-section of the sub-reach. The prism and 

wedge storages concept of the classical Muskingum method is theoretically verified by the 

variable parameter McCarthy-Muskingum method and the efficacy of the variable parameter 

McCarthy-Muskingum method over the popular Muskingum-Cunge method I clarifying the 

attenuation introduced in the classical Muskingum method was attributed to the reach storage 

effect. Thus there is no need to interpret it based on the matched diffusivity theory proposed 

by Cunge in 1969. 
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The paper presents the trend detection analysis of seasonal and annual rainfall of 

Saurashtra region of Gujarat State.  Saurashtra region is one of the most water scare region of 

India. The topography of this region is inverse bowl type which makes the water collection 

further difficult. Saurashtra region faces various hydrological problems like inequitable water 

availability and erratic rainfall, salinity ingress in coastal areas and ground water depletion. 

The seasonal and annual rainfall data of 10 raingauge stations namely Ranpur (1906-

1990), Dhandhuka (1901-2003), Dholera (1901-1978), Dhari (1960-2003), Botad (1960-

2003), Babra (1960-2003), Bhavnagar (1952-2006), Lathi ( 1960-2006), Amreli (1974-2006) 

and Lilia (1960-2003) have been analysed. These raingauge stations are located in seven river 

basins namely Wadhwan Bhogavo, Limbdi Bhogavo, Sukhbhadar, Utavli, Keri, Ghelo and 

Kalubhar of Saurashtra region. These river basins are located on the north-eastern side of the 

Saurashtra region with their mouth north of Bhavnagar, and drain into the Gulf of Khambhat.   

Three statistical tests namely Mann Kendall (MK) trend test, Spearman Rho (SR) tests 

and Theil–Sen trend slope estimator have been used.  MK test is  a widely used trend 

detection test. The SR test is used to know the statistical significance of trend in data series, 

whereas MK test checks the null hypothesis of no trend versus increasing or decreasing 

trends. The Theil–Sen approach is used to know the presence of trend and evaluate its 

strength. The study was conducted at 5% significance level.  

The analysis on grided rainfall data (1
0
 * 1

0
 and 0.5

0 
* 0.5

0
) has also been conducted. 

The daily gridded rainfall data have been collected from different sources conducted. The 

results of analysis of station rainfall data and gridded rainfall data have been compared. 
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Hydrological modelling and watershed management requires a data which is related to the 

precipitation, which can be usually measured by rain gauges or weather stations. 

Hydrological models generally require a primary spatial interpolation which is a part of 

modelling process. The success of a result can be determined by the quality of continuous 

spatial rainfall, with the help of used interpolation method. Some of common methods and 

geo-statistical approaches are discussed here. 

 

1 .Deterministic interpolation methods:- 

-Thiessen polygon method 

-Inverse distance weighting 

-Polynomial interpolation 

-Spline interpolation 

-Moving window regression 

2 .Geo-statistical interpolation methods:- 

-kriging 

 

Except these methods computer hydrological models are very essential for describing 

hydrological system. For a large watershed scale spatial rainfall needs to be taken instead of 

areal average rainfall. For this purpose it is essential to take day-to-day spatial variability of 

watershed discharge, ground water level and soil-moisture content. Spatial variability of 

rainfall affects the catchment response, the timing of peak run-off, the estimation of model 

parameters and the hydrological model outputs 

 

 



 

The formula for deterministic interpolation is as follows:- 

 

                               ns                      

                        Zg = Σ λiZsi (1) 

                                  I=1 

The formula for geo-statistical interpolation is as follows:- 

                                      N(h) 

                          γ(h) = 1 Σ (Zsi - Z(si + h))2 (2)  

 

                              2N(h) i=1                                                                                                        

Spherical model          exponential

 

 

These methods gives predictions with minimum variance and describe the spatial co-relation 

between the recorded at different rain stations. for annual and monthly rainfall, geo-statistical 

interpolation methods are preferable to deterministic methods. for daily rainfall, geo-

statistical methods and IDW have proved to be comparable approaches, in particular for 

hydrological modelling. 

 

Quantification and awareness of the uncertainties associated with hydrological data are thus 

essential for the correct interpretation of the results of the modelling. The precise evaluation 

of the spatiotemporal variability of rainfall on the watershed scale presents a complex 

problem because of the small number of rain gauges in most cases and because rainfall is 

extremely varied in space and time. The choice of interpolation method for measuring rainfall 

depends on the quantity of valid measures, the nature of the rain in the regions under study 

and the quality of the observations. The choice of method is therefore crucial. Furthermore, a 

sensitivity analysis of a hydrological model can be a complementary indicator of the quality 
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of the interpolation of rainfall and of other meteorological parameters. Thus, strategies for the 

acquisition and the pre-treatment of data can be better realized so as to achieve a more 

efficient hydrological modelling. the results of the comparison of interpolation methods differ 

from one study to another. The successful performance of the methods depends on several 

factors, in particular, temporal and spatial resolutions of the data, and the parameters of the 

models, such as the semi-variogram in the case of kriging. No one interpolation method 

stands out as being universally the best. Some authors recommend a particular method as 

being the best according to their judgment as to what is the most practical 
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INTRODUCTION 

Once it was called that air is the basic component of life but now a day‘s water has become 

one of the essential component. As per the review till 2050 water requirement will not 

fulfilled as per the demand, thus now is the time to take measures. In big cities water due to 

normal rainfall get collected on roads and create flood like situation, cause traffic jam, 

because water cannot be absorbed by soil or earth and drainage system is least effective in 

these cases. Artificial recharge can be answer to it as it is achieved by putting surface water in 

basins, furrows, ditches, or other facilities where it infiltrates into the soil and moves 

downward to recharge aquifers. 

 

My Project‘s target is to collect the water from road area through a piping system to recharge 

the underground aquifer and avoid the flood like situation and traffic jam in cities 

In this system at required distance holes of various diameter as per the requirement are 

provided at the outer edge of road which is connected to separate drainage piping system. 

Through this system water is sent to a reservoir site of artificial ground water recharge. At 

this site water sends to underground aquifer. 

 

Artificial recharge systems are engineered systems where surface water is put on or in the 

ground for infiltration and subsequent movement to aquifers to augment groundwater 

resources. Other objectives of artificial recharge are to reduce seawater intrusion or land 

subsidence, to store water, to improve the quality of the water through soil-aquifer treatment 

or geo-purification, to use aquifers as water conveyance systems, and to make groundwater 

out of surface water where groundwater is traditionally preferred over surface water for 

drinking. Infiltration and artificial recharge are achieved by placing it in wells for direct 

injection into the aquifer. A report by the state groundwater department says water level this 



year has gone down by 4.76 meter and has been depleting at an average rate of minimum 6m 

each year for the past three years. Scientists at the water department have been warning that 

water table in Jaipur has been declining at a rate of about minimum 6 meter every year since 

2008.It is a very serious problem. They have warned that at this rate, the city will be left with 

no water by 2016, if no proper monsoon comes and proper method to recharge the 

groundwater is taken. 

 

METHODOLOGY 

According to the data available, last year, the groundwater recharge after the monsoon was 93 

million cubic meter and the extraction of it in the city was 700 million cubic meter. In 

comparison to the water recharge, extraction was more than 607 million cubic meter .In cities 

most of area is covered ,so natural ground water recharge is not possible and water runoff  as 

waste  water. It is very necessary to artificially recharge the underground water bodies to 

maintain ground water level. In big cities water due to normal rainfall get collected on roads 

and create flood like situation, cause traffic jam, because water can‘t be absorbed by 

pavement of road and drainage system is clog by waste materials e.g. Polythene, twigs, and 

sometimes water logging occurs. If  water  due  to rainfall  only on roads is collected  through 

a piping system and properly drained to a site of artificially ground water recharge system, 

not only the flood like situation can be avoided but also the ground water level increases  for 

future use. The Rational equation is the simplest method to determine peak discharge from 

drainage basin runoff. It is not as sophisticated as the SCS TR-55 method, but is the most 

common method used for sizing sewer systems. 

 

Rational Equation:  Q = CIA 

 

Where, Q = Peak discharge in cubic feet per second;   C = Runoff coefficient 

I = Rainfall intensity in inch/hour;                           A = Drainage area in acre 

In Jaipur if ring road made as concrete road with a piping system to collect total amount of 

water which fall on it, approximate total recharge of ground water is calculated as follow 

 

Average rainfall in Jaipur =597.9mm (annually) 

Intensity of rainfall  (I) =(597.9)/(2.54*365*24) 

               =2.6945*10^-3  inch per hour 
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  Coefficient of runoff for concrete (c) =0.7 to 0.95 

Total length of ring road=144.75km 

Standard width of road= 4*3.7 m 

Drainage area=144.75*1000*4*3.7 =2142300 sq. M           =529.4 acre          

  

  Peak discharge Q= c i A 

             Q=0.95*2.6945*10^-3*529.4 =1.3352cfs 

               =1.5*10^9 cubic meter per year                                                       

To equalize the total extraction to total recharge 

req. peak discharge=222068cfs 

for this discharge area  req.=88020756 acre   =3.56*10^11  sq. meter 

 

By this area total quantity of water is given by 

            Q=0.95*2.6945*10^-3*88020756  = 700*10^10 cubic meter 

it mean if 3.56*10^11 sq. m area of road is used for artificial ground water recharge 

then total extraction will be equal to total  recharge  of ground water. 

 

RESULT AND CONCLUTION: 

By catchment area of ring road 1.5*10^9 cubic meter water can be saved annually and 

88020756 acre area is required to equalize the total extraction to total recharge of 

groundwater. 
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Fig.=system of recharging groundwater by street catchment area 
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Due to the changing weather conditions as well as the spatial variability of land mass result in 

nonlinear behaviour of the response of the watershed. In a place like India, where emphasis is 

being placed on making the local-level users participate in the management of natural 

resources at the watershed level, it is imperative that these local-level organizations be 

strengthened by providing the integrated watershed management tools which are user-

friendly, but still use all the scientific knowledge to arrive at the appropriate decisions. This 

article demonstrates the use of GIS-based modelling framework for local-level planning, 

incorporating the sustainability aspects of watershed development. This application is useful 

to help the watershed managers in objectively prioritizing the watersheds with respect to the 

stipulated norms and for monitoring and evaluation of the watershed programmes which is an 

important component, but is invariably missing. 

Keywords: Soil and Water Assessment Tool (SWAT) Model, Geographic Information 

System (GIS) and Digital Elevation Model (DEM) 

 

INTRODUCTION 

Water is a precious natural resource and at the same time complex to manage. There is no 

doubt that India has done well in the sector of water resources development in the form of 

major, medium and minor irrigation projects, in the last fifty years, which has in turn played 

an important role in the progress of the country. Water resources development is a continuous 

process which has to be resorted on account of ever-increasing demands. The major irrigation 

projects cater to millions of hectares of land, whereas at the other extreme, local-level 

projects such as small ponds/tanks involving small structures may also be used to fulfill the 

requirements of a small community at the village level. It has been noticed that once these 



projects have been created, their proper operation and maintenance is invariably ignored. 

There have been many instances where implemented projects have been found to be 

responsible for creating environmental problems in the society. Those concerned with the 

water sector have shared the above concerns. Policies are being made and a number of new 

programmes are floated to address the water-resources problem. A common framework that 

can be used for effective planning, development and management of these programmes in an 

integrated manner is invariably missing. The Integrated Watershed Management (IWM) 

approach has been globally accepted as the best for natural resource management, but is 

rarely or partially implemented because of the lack of required framework and/or technical 

know-how. This article puts forward a scientific approach to handle the IWM strategy. All 

the other requirements of IWM can also be fulfilled using the same framework.  

 

INTEGRATED WATERSHED MANAGEMENT STRATEGY  

IWM planning is a comprehensive multi-resource management planning process, involving 

all stakeholders within the watershed, who together as a group, cooperatively work towards 

identifying the resource issues and concerns of the watershed, as well as develop and 

implement a watershed plan with solutions that are environmentally, socially and 

economically sustainable. In India, IWM efforts go back to 1970. There have been many 

changes in the implementation strategies during the following years. Until 1995, watershed 

development projects were officially coordinated by multi-sectoral programmes (with 

differing objectives) launched by the Government of India. After review in 1999 by the 

Ministry of Rural Development and the Ministry of Agriculture, a common set of operational 

guidelines, objectives, strategies and expenditure norms were established for watershed 

development programmes in 2001. These are implemented through programmes such as 

DPAP (Drought-Prone Area Programme), DDP (Desert Development Programme) and 

IWDP (Integrated Watershed Development Programme). The guidelines encourage the active 

involvement of non-governmental organizations, semi-governmental institutions and private 

enterprises, universities and training institutions. However, concerns are being raised that 

emphasis in watershed development programmes is still firmly based on the belief that water 

is an infinite resource, through development of groundwater abstraction and water harvesting 

techniques. IWM does not merely imply the amalgamation of different activities to be 

undertaken within a hydrological unit. It also requires the collation of relevant information so 

as to evaluate the cause and effect of all the proposed actions. The watershed is the smallest 

unit where the evaluation of human-induced impacts upon natural resources becomes 
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possible. Therefore, although the ‗Panchayat‘ remains the preferred implementation unit, the 

watershed should be the evaluation unit used in assessing impacts.  

The impacts resulting from actions taken at the Panchayat/watershed level will be 

experienced at a higher level within the drainage basin, the assessment of these impacts will 

require the availability of a framework which enables the mapping of such units and their 

entities, and the interconnections at the Panchayat level and at the higher catchment level. 

Such a framework will need regular maintenance and updating to reflect fully the most 

accurate ground-truth data or the infrastructure requirements for planning and management of 

natural resources collected by the relevant departments. This framework, once available, 

could be used by all the line departments and updated by the relevant departments, which 

have designated areas of jurisdiction over the data entry. The format should be made 

consistent with local to State and national level structures as well as the corresponding 

watershed, sub-basin and basin-level structures.  

All the information which is required for integrated planning and management is not readily 

available at the desired scale of a watershed. This is true with respect to the quantity of water, 

both surface and ground. Although the information on local water availability as well as its 

variability in time is essential for proper planning and management, measurement of these 

quantities in terms of flows is not financially viable at such scales. Hydrological simulation 

modelling is an effective tool to take care of this essential requirement of IWM. In the present 

study one such model presented to simulate the quantity of water and sediment erosion in the 

sub watersheds.  

 

SWAT HYDROLOGICAL MODEL 

The SWAT (Soil and Water Assessment Tool) model, developed by the USDA Agricultural 

Research Service, simulates the land phase of the hydrologic cycle in daily time steps. 

Routines are also included for simulating the detachment of sediments from the watersheds 

and their transport through the drainage systems. The SWAT model is designed to route 

water and sediments from individual watersheds, through the river systems. It can incorporate 

the tanks and the reservoirs/check dams off-stream as well as on-stream. The agricultural 

areas can also be integrated with respect to its management practices. The major advantage of 

the model is that unlike the other conventional conceptual simulation models, it does not 

require much calibration and therefore can be used on ungauged watersheds. The model can 

be used for the assessment of existing and anticipated water uses and water shortages. The 



model provides a complete accounting of the quantity of water that is supplied to the land by 

precipitation; enters the streams as surface run-off; is used and returned to the atmosphere by 

natural vegetation, agricultural crops and evaporation, and that percolates through the root 

zone and a part returns as groundwater contribution.  

For modelling purposes, a watershed is partitioned into a number of subwatersheds. The use 

of subwatersheds in a simulation is particularly beneficial when different areas of the 

watershed are dominated by land uses or soils different enough in properties to impact 

hydrology. Input information for each subwatershed is grouped with respect to unique areas 

of land cover and soil, which are known as Hydrologic Response Units or HRUs. These 

HRUs behave in a hydrologically similar manner to the inputs of precipitation. Model outputs 

include all water-balance components (surface run-off, evapotranspiration, lateral flow, 

recharge, percolation, sediment yield, etc.) at the level of each subwatershed and at daily, 

monthly or annual intervals.  Wherein micro-watershed prioritization can be carry out using 

criteria cutting across hydrological, demographic and socio-economic parameters. Collation 

of scientific information generated through modelling with other required information such as 

demographic,  socio-economic, etc. is required for taking local-level decisions. 

 

MODELLING OF WATERSHED WITH SWAT  

GIS (Geographic Information System) can be use as a preprocessor to the SWAT Model. 

Digital Elevation Model (DEM) is generated using the digitized contours. DEM along with 

the digitized drainage can use to automatically delineate (using GIS-based terrain analysis 

algorithm) the subwatersheds. The subwatershed layer can overlay with the land use and soil 

layer to derive the HRUs. Model inputs, including soil, weather, groundwater and 

management required for each HRU were automatically derived using the GIS interface. The 

entire area, including the upstream watershed can divide into subwatersheds and HRUs. The 

upstream watersheds have also been modelled for assessment of water and sediment 

generation to be used in conjunction with the downstream watersheds of the study area. The 

daily weather data can use for rainfall and temperature. The outputs of the model, namely the 

water availability (mm/yr) and sediment yield (t/ha) for each subwatershed of the study area. 

These are two of the many elements required for the watershed prioritization. The watershed 

management involves a large number of guiding principles such as conservation of natural 

resources, integrated development of natural as well as social resources, in situ moisture 

conservation, sustainable farming system, adoption of ridge-to-valley approach, livelihood 

support for landless families, democratic decentralization in decision making, equity for 
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resource poor families and empowerment of women, etc. Though the priority given to these 

elements varies from State to State, NWDPRA (National Watershed Development Project for 

Rainfed Areas) guidelines have been invariably accepted. These guidelines recommend 

combining physical and socio-economic criteria. Under the physical criteria, the priority-wise 

entities that should be followed include: head-water watersheds with erodibility, land 

degradation, water scarcity problem, rainfall less than 750 mm, net cultivated area not more 

than 20%, irrigated area not exceeding the State average or 30%, and with no long duration 

crop or water-intensive crops. Since the financial allocation is done with respect to the 

administrative boundaries, one of the criteria is to take watersheds that cover majority area of 

the villages. With respect to socio-economic criteria, priority is given to villages/watersheds 

having large economically weaker population, SC/ST population, uniform land holdings and 

many others depending on local priorities. Each element of the prioritization criteria (physical 

and socio-economic) was created as GIS layers taking a subwatershed (with alphanumeric 

nomenclature for ease of depiction) or village as the mapping unit. The overlay analyses can 

perform to satisfy the laid-down criteria in the sequence of priority. The first level of physical 

criteria of extent of average annual rainfall, head-water watersheds and watersheds with 

maximum soil erosion and minimum water availability, were implemented on the study area. 

This analysis resulted in identifying a cluster of seven subwatersheds for further analysis. It 

may be mentioned that without the availability of the two crucial elements of water 

availability and sediment yield at the subwatershed level, which has been made possible 

through hydrological modelling, such delineation would not have been possible. In order to 

implement the next criterion of taking up watersheds which are covered by maximum part of 

the village(s), the overlay of the selected subwatersheds with the village boundaries can 

perform. The other analysis pertaining to the socio-economic aspects such as number of 

people below the poverty line, SC/ST population, size of the land holding, etc. can also 

perform in a similar manner. The subwatersheds, qualified all these criteria as well. Thus this 

contiguous set of subwatersheds can recommend to be taken as the priority area for further 

analysis and treatment.  

 

STRATEGIES FOR WATERSHED DEVELOPMENT  

To identify the priority watersheds, the next action to generate detailed information 

commensurate with the implementation of new technologies and subsequent control and 

operation of generated resources. A detailed survey can conduct over these subwatersheds to 



generate the detailed terrain information. The detailed survey is essential to generate a 

reasonably accurate DEM for making use of the latest technologies of GIS to help in handling 

the water resources development at the local level. This DEM has been used to generate the 

local drainage which in turn is used to identify the possible locations of the water-harvesting 

structures. Selection of a suitable site is important in planning and construction of harvesting 

structure. Demonstration can make through interface on Arc-View with Spatial Analyst 

extension for site selection of water-resources structure (Arc-View). Profiles drawn on the 

DEM would give the hydraulic characteristics of the terrain such as spread area and volume 

of storage, with respect to the crest level of the barrier created across the drainage. This, 

when superimposed on the plot/village maps, provides the inundated area. This kind of 

application can rapidly provide the first-level feasible sites which can then be field-tested for 

implementation. Demonstration of latest tools to derive the appropriate information through 

analysis and modelling to help in the local-level planning for IWM. This also the strength of 

making these decisions highly understandable to all the stakeholders and thereby enhances 

the local-level participation.  

 

CONCLUSION  

Watershed prioritization is an important aspect of planning for implementation of the 

watershed management programme. First of all, demonstration has been made about 

implementation of the hydrological model to generate water and sediment yield at the micro-

watershed level which is useful for planning process. Some peripheral interfaces have been 

designed to help the planners of the watershed programme. Two such applications, one for 

finding the interaction between the administrative and watershed boundaries that shall help in 

allocation of financial resources with respect to the watershed boundaries and the other to 

locate the water-harvesting structures, which is a common feature in the watershed 

management programme, have been formulated and demonstrated. Besides helping in siting 

of the structures, the spatial tool also helps in estimating the related parameters like the water 

spread area and available water storage capacity at that location. These applications not only 

suffice the general requirements of the end-users, but also go much further in ensuring that a 

scientific character is brought about in this crucial sector of watershed management. This 

application is also useful to help the watershed managers in objectively prioritizing the 

watersheds with respect to the stipulated norms. The application can also be used for 

monitoring and evaluation of the watershed programmes which is an important component, 

but is invariably missing. 
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Water is essential for the existence of the biotic world and is required nearly for all activities 

of man. Ground water is an important resource. In recent years, an increasing threat to ground 

water quality is due to human activities. The intensive use of natural resources and the large 

production of wastes in modern society often pose a threat to ground water quality and have 

resulted in many incident of ground water contamination. A vast majority of ground water 

problems are caused by contamination and overexploitation. Depletion of ground water levels 

is a global phenomenon and is associated with sub surface pumping in many countries. Some 

of the heavy metals are extremely essential to humans for example, cobalt, copper etc.  But 

large quantities of them may cause physiological disorders. The contamination of ground 

water by heavy metals and pesticides have  also  assumed great significance during recent 

years due to their toxicity and accumulative behavior. The serious implications of this 

problem necessitate an integrated approach in explicit terms to undertake ground water 

pollution monitoring and abatement programmers. 
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Remote sensing and GIS prove to be very comprehensive in the study of large areas like 

watershed where integrated and simultaneous activities have to be executed. Watershed is 

defined as the land area from which water drains to a given point.  Since water is drained off 

to a given point, the management of watershed in point of view of hydrology is easily 

possible. Hence, we can say ―watershed is a manageable Hydrological Unit‖. Broadly, 

watershed management implies the proper use of all land and water resource of a watershed 

for optimum production with minimum hazard to natural resources.  

 

Analysis and assessment tools like GIS along with Remote Sensing have proved to be very 

efficient and effective and hence useful for management of natural resources. Remote sensing 

techniques can be effectively used for agriculture, forests, range land, wetland and urban 

vegetation assessment. Watershed areas are prone to degradation accelerated by human 

interventions. Wastelands like gullied or ravenous land, upland with or without scrub, 

degraded pasture, degraded land under plantation; industrial wastelands are found prevalently 

in watershed areas. Effectual Management tools can be designed only with backup from 

extensive Remote sensing data and various GIS tools. Wasteland development in the 

watershed areas can be mitigated substantially by the proper and wide-ranging use of remote 

sensing and GIS. The management tools like leveling of gullies or ravines, gully plugging, 

contour bunding, contour trenching can be implemented as per the characteristic of 

wasteland. Thus, wastelands can be managed and converted to arable land by the use of this 

refined method. 

 

Remote sensing and GIS can be effectively used in agricultural applications like crop type 

classification, crop area estimation, crop yield  prediction and also crop condition assessment. 

Advancements in the remote sensing technology and the Geographic Information Systems 



(GIS) help in real time monitoring, early warning and quick damage assessment of flood 

disasters.  

 

A Geographic Information System is a tool that can assist floodplain managers in identifying 

flood prone areas in their community. With a GIS, geographical information is stored in a 

database that can be queried and graphically displayed for analysis. By overlaying or 

intersecting different geographical layers, flood prone areas can be identified and targeted for 

mitigation or stricter floodplain management practices. So, RS and GIS techniques should be 

explored and implemented appropriately. The natural resources are our Common Property so 

we should brainstorm and work hand in hand towards their conservation and preservation. 

 

Key words: watershed management, natural recourses, assessment tools, wastelands and 

flood monitoring. 
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Urbanization has led to immense pressure on ground water resources and has resulted in 

quality deterioration of ground water as well. Jaipur, the capital of Rajasthan is facing rapid 

urbanization resulting in rapid depletion of ground water level. Uncontrolled urbanization and 

the growing population pressure are the essential challenges for water management in 

urbanized regions of the emerging and developing countries. This paper analyses the growth 

in population and urbanization resulting in lowering of ground water table. Further changes in 

land use pattern due to urbanization also risks ground water recharging. Significant Water 

Table Depletion has raised serious concerns over the future development and sustainable 

development. The status of the water in the environment is unique. Ever since the birth of 

earth from day one, the need for water is always on the increase, not just because of increase 

in human population but because all living beings are multiplying at a fast rate.  

Keywords: Ground water table, Water, Depletion and Urbanization 

Introduction 

Jaipur District is one of the 32 districts in the state of Rajasthan in western India. The city of 

jaipur which is Rajasthan‘s capital and largest city is also the district headquarters. The 

district is situated in the north eastern part of Rajasthan state. It is located between the north 

latitude of 26°23‘N to 27°51‘N and east longitude 74°55‘E to76°50‘E.It is bounded by sikar 

district in north west, alwar district in the north east, dausa in east, tonk in south, Ajmer in 

south west and nagaur in west. The district has an area of 11151sq Km and occupies 3.3% 

area of the state. It ranks ninth in comparison to the other district of the Rajasthan in term of 

the area. The district imbibes 2131 villages of which 2077 are inhabited and 57 are 

uninhabited. 



Jaipur is probably the first planned city of modern India. Its features of beautiful architecture, 

planned growth and cosmopolitan character have endowed it with uniqueness in India‘s urban 

setting. Jaipur, being capital of Rajasthan is the focus of socio-economic and political life of 

state. 

The slope land in the jaipur district varies from less than 10metres/kilometer to 300 meters 

/kilometer. The district is distinctively divided diagonally. The lower part of it has a slope 

less than 10 meters /kilometer and the higher part has 10-20 meters /kilometer. The top most 

part of the district has a slope again below10 meters/kilometer 

Accelerated groundwater exploitation over the past few decades has resulted in great social 

and economic benefits by providing low-cost, drought-reliable and high quality water 

supplies for urban areas, rural populations and crop irrigation. The rapidly increasing large 

cities in semiarid and semi-humid regions raise many problems in water resources 

management. 

Results and Discussions 

Jaipur district has shown an increase in the population over the past decades. The population 

growth of jaipur district was 15, 22,591 in the year 1961 which has increased to 52, 51,071 in 

the year 2001. This has led to tremendous pressure on the available limited resources. The 

decadal growth rate of population ranges between almost from 30.9% to 39.8% with an 

average annual growth rate of 3.6%. 

The growth rate for rural population of jaipur district was 15, 22,591 in the year 1961 which 

has increased to 52, 51,071 in the year 2001. This has led to tremendous pressure on the 

available limited resources. The decadal growth rate of population ranges between almost 

from 23.77 % to 25.82 % between the years 1961 to 2001. However the growth rate for urban 

population of jaipur district was 4, 88,677 in the year 1961 which has increased to 25, 92,067 

in the year 2001. There is significant decadal growth in urban population which ranges 

between almost from 46.07 % to 65.32% signifying that there is tremendous pressure on the 

urban environment. 

The rural- urban decadal percentage of growth shows that the ratio of Rural to the Urban is 

continuously changing. There has been increased urbanization over the decades with 

agriculture on the decline and increase in service sector. 
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In 1961, the level of urbanization was almost from 32% which has increased to 49% in 2001. 

The national average of urbanization is almost 32%.The increased level of urbanization in the 

district is on account of the jaipur city which is a primate city and also the major employment 

provider for the state of Rajasthan, besides the jaipur region covers almost 1/3 part of the 

district. 

The Water Level Depletion Due to Increase Level of Urbanization in Jaipur  

From the above results and discussions, it can be concluded/ stated that the urbanization in 

some way has resulted in the Water level depletion and high value of water depletion in dense 

population area are found. This is clearly that the rapidly increasing large cities in semiarid 

and semi-humid regions raise many problems in water resources management. The paper 

focuses on the water table level in Jhotwara, sanganer and Bassi blocks of Jaipur district. The 

water table level has also resulted in significant depletion raises serious concerns over the 

future development. 

Conclusions 

This study shows that ground water table and quantity in the urban areas have changed 

greatly. Rapid urban and industrial developments and extensions of irrigated farmland have 

doubled the water demand. This raises questions on our urban planning practices where food, 

water and air form the basic requirements and we are not able to provide good ambient air 

quality to a significant proportion of our population. There is significant increase in urban 

population and rapid urbanization and industrialization has further led to depletion of water 

table. Further research and resource mapping is required for proper planning and resource 

mapping. 

These types of study will impact- 

1. Planning and layout of residential, commercial and industrial location; 

2. Pricing of real estate. 

Acknowledgements: Dr. Rita Gupta is thankful to UGC, New Delhi for financial assistant as 

research awardees.   
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Often, as a frantic response to problems of water scarcity and consequent hardships faced by 

both urban and rural communities, Rajasthan has invested heavily in rainwater harvesting. 

Unlike investment in large water resource systems, these efforts by and large, lack 

hydrological planning and socio economic analysis: research on the impact of local water 

harvesting/ groundwater recharge activities in Rajasthan is very sparse. Rainwater harvesting 

is one such intervention that involves harnessing of water in the upstream catchment. Last 

couple of years has been particularly bad for Rajasthan in general and Western Rajasthan in 

specific. Lack of adequate monsoon forced the villagers to migrate to nearby towns for 

survival. In the absence of fodder and water livestock also had become a part of the migration 

process. To address this problem a technique was developed for small scale farmers with the 

objective of harnessing rainwater for crop production. This paper attempts to describe the 

state of Rainwater Harvesting technique and the contributions of GIS and Remote Sensing 

technologies for RWH in the Rajasthan region. Studies were conducted using physiographic 

factors of the Rajasthan region. This technique was used to study the watershed network in 

the Rajasthan, and to identify areas generally suitable for water harvesting in order to 

determine water harvesting techniques for those drought affected sites. 

Keywords: Scarcity, Watershed, Recharge, Harvesting, Catchment 
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Water is essential for survival of life and plays a vital role in maintaining earth's climate. The 

availability of water totally depends on rain; however, the spatial and temporal distribution of 

rain is highly variable and is dependent on climatic factors that are beyond human control. 

The average annual rainfall over India is about 1170 mm. However, it occurs during short 

intervals of high intensity. Because of such high intensity and short duration most of the rain 

falling on earth's surface flows away fast leaving little scope for recharging of groundwater. 

Till about thirty years back, the areas around our homes and offices used to be unpaved and 

the rain falling on these areas would percolate into the soil and remain there for being drawn 

through shallow open wells. With the proliferation of flat complexes, not only have these 

areas been paved and percolation of rainwater into the soil almost totally stopped, the 

quantity of water drawn from the soil below has increased manifold. Consequently open 

wells and not co - deep bore wells started drying up. The reason is that no sincere attempt is 

made to replenish the ground water table with rainwater during the monsoon. The Rainwater 

harvesting is the simple collection or storing of water through scientific techniques from the 

areas where the rain fall. It involves utilization of rain water for the domestic or the 

agricultural purpose. The method of rain water harvesting has been into practice since ancient 

times. It is as far the best possible way to conserve water and awaken the society towards the 

importance of water. The method is simple and cost effective too. It is especially beneficial in 

the areas, which faces the scarcity of water. During the monsoons lots of water goes waste 

into the gutters, and this is where Rain water Harvesting proves to be the most effective way 

to conserve water. We can collect the rain water into the tanks and prevent it from flowing 

into drains and being wasted.  

 

Keywords: Rainwater harvesting, population, recharge, management, rooftop, etc 
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Water is very essential for all substance of all form of life, food production industrial and 

economic development and for other general being. Now days the present requirement of 

water for domestic agricultural and industrial needs are met mainly by the subsurface water 

resources which are increasingly under great stress due to exponential growth in population, 

urbanisation, industrialisation and modernisation in agriculture and irrigation practices. In 

this situation there is a need to conserve and meet our daily demand of water requirement; 

there is a need to think for other cost effective and relatively easier technological methods of 

conserving water. Rain water harvesting is one of the easy and best techniques for fulfilling 

those requirements. The Identification of potential sites for Rainwater Harvesting is an 

important step towards maximizing water availability and land productivity.   

Remote sensing and GIS techniques have a wide role for identification of potential 

sites/location for rainwater harvesting.With advent of modern technology of GIS; the process 

of delineation of channel network and basins has become automated and easy. Recently GIS 

tools are being widely used for delineation of catchments and identifying stream network. 

Remote Sensing data  interpretation and GIS technology provides a correct, reliable, accurate 

and updated data base on land use/land cover, and water resources which is also a 

prerequisite for an integrated approach in identifying surface runoff or stream flow of 

potential areas and to identify the suitable sites for rainwater harvesting.  Topography is also 

one of the major criteria for Rainwater harvesting sites selection and digital elevation model 

(DEM) data can be utilised for this purpose. Now a days, the DEM is available from the 

different sources, e.g. Global Land One- kilometer Base Elevation (GLOBE), SRTM, 

ASTER etc. These data are available over the internet. In this paper an attempt has made for 

illustration of how we can benefit from remote sensing and GIS technologies in Rainwater 

Harvesting techniques and site selection etc. It is discussed that suitability mapping using GIS 

is a flexible, time-efficient and cost-effective method to screen large areas for RWH 

suitability facilitating decision-making. 

Keyword: DEM,GIS,RS  
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The numbers of water stressed regions at various part of the world are increasing due to rapid 

growth of real estate. The urban areas are facing twin challenges of water scarcity and 

inadequate capacity of wastewater disposal systems. The rapid growth of urban population 

leads escalation of water demand. Meeting these increasing water demands with a 

geographically constrained water supply system is often a very difficult task. 

Conservation of ground water is important because it takes years to be replenished. In areas 

where ground water is used, care must be taken to minimize the quantity of water withdrawn 

and bring it on per with quantity of water being replenished. 

Modern methods of rainwater harvesting include: 

1.  Storage of rain water on surface for future use 

2.  Recharge to ground water The storage of rain water on surface is a traditional 

technique and structures used were tanks, ponds, check dams, weirs etc. recharge to 

ground water is a new concept of rain water harvesting and the structures generally 

used are: 

•  Pits: Recharge pits are constructed for recharging the shallow aquifer. 

•  Aquifer: The aquifer is porous, water saturated layers of sand, gravel or bed 

rock that can yield significant or usable amount of water. These are 

constructed 1 to 2 m wide, 1 to 1.5 m deep which are back filled with 

boulders, gravels, coarse sand.  

•  Trenches: These are constructed when the permeable rock is available at 

shallow depth. Trench may be 0.5 to 1 m wide, 1 to 1.5 m deep and 10 to 20 m 

long depending upon the availability of water. These are back filled with filter 

materials. 

•  Dug wells: Existing dug wells may be utilized as recharge structure and water 

should pass through filter media before putting into dug well. 

•  Hand pumps: The existing hand pumps may be used for recharging the 

shallow/deep aquifers, if the availability of water is limited. Water should pass 

through filter media to avoid chocking of recharge wells. 



•  Recharge wells: Recharge wells of 100 to 300 mm diameter are generally 

constructed for recharging the deeper aquifers and water is passed through 

filter media to avoid choking of recharge wells. 

•  Recharge Shafts: For recharging the shallow aquifer which is located below 

clayey surface, recharge shafts of 0.5 to 3 m diameter and 10 to 25 m deep are 

constructed and back filled with boulders, gravels and coarse sand. 

•  Lateral shafts with bore wells: For recharging the upper as well as deeper 

aquifers lateral shafts of 1.5 to 2 m wide and 10 to 30 m long depending upon 

availability of water with one or two bore wells is constructed. The lateral 

shaft is back filled with boulders, gravels and coarse sand. 
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INTRODUCTION  

Rainwater harvesting is a technology used for collecting and storing rainwater from rooftops, 

the land surface or rock catchments using simple techniques such as jars and pots as well as 

more complex techniques such as underground check dams. Uses of RWH include water for 

garden, water for livestock water for irrigation, etc. Rainwater harvesting provides an 

independent water supply during regional water restrictions and in developed countries is 

often used to supplement the main supply.Currently in China and Brazil rooftop 

rainwater harvesting is being practiced for providing drinking water, domestic water, water 

for livestock, water for small irrigation and a way to replenish ground water levels.In 

Rajasthan rainwater harvesting has traditionally been practiced by the people of the Thar 

Desert. There are many ancient water harvesting systems in Rajasthan, which have now been 

revived
. 
In industries were the requirement of water is too high RWH plays a significant role. 

 

METHOD  

A questionnaire format comprised of different parameters such as the current scenario of 

RWH (rain water harvesting), willingness of having RWH. It also included the details of 

water storage tank and also the time of utilization of stored water. Thus different samples 

were collected from the study area i.e. RIICO Industrial Area, Sitapura, Jaipur. 

 A total 49 number of samples were collected from different industries like A-grade industries 

such as Infosys, Genpact, Bosch etc and mediocre industries such as Shree Industries, KD 



Associates etc, The questionnaire is summarized in Table1.

 

Table 1:- Format of questionnaire 

 

RESULTS 

Different factors were analysed on the basis of existing and not existing and if not there 

willingness and support required from govt. 

 

Out of 49 samples   90%of industries do not have RWH where as merely 10 % of them do 

have shown in fig1. And out of the non existence i.e. 90% only 46% are in favor or willing to 

have RWH and remaining 54% are against of RWH 
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10%

Non 
existance 
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Out of existing RWH the storage capacity of water tank for <2000 is 40%, that of 3000-

4000ltr is 20% and 40% for >4000ltr.Most of people required subsidy from Govt. of 25-50%. 

REFERNCES 

http://www.sciencedirect.com/science/article/pii/S1474706502000980 

http://www.gdrc.org/uem/water/rainwater/introduction.html 
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Quality of rainwater falling on the 35 m
2
 rooftop of a residential building was assessed in 

terms of several physical, chemical, physico-chemical and biological parameters. The 

building is located in a rapidly urbanizing suburb in southern Pondicherry and has a cemented 

rooftop leading the rainwater to drainage pipes made of corrugated cement. The water quality 

was assessed by sampling the water exiting from four pipes located at four corners of the 

roof. The samples were taken simultaneously and pooled for each discrete time interval.  

 

When the assessment was done of the season‟s very first rain, the water quality was at its 

worst during the first 60 seconds of sampling and remained quite bad for the next 4 minutes 

as well. It then improved rapidly and consistently till it attained a steady composition by the 

15
th

 minute. 

 

A similar pattern was observed in the subsequent assessments. The quality of the „first flush‟ 

seemed to inversely correlate with the duration of dry spell preceding the assessed rainwater 

harvest. When this dry spell interval was very short, of the order of a few minutes, or 2-3 

hours, the first flush quality was almost indistinguishable from the quality of subsequent 

harvests. Higher intensities of rainfall led to lower durations of the first flush. 
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INTRODUCTION: 

The concept of water conservation/harvesting being practiced since ages in form of  Tankas 

in the homes, Bawaries in the mohallas, Khadins , Johads and Tank in every village for 

storage of the precious water for drinking as well as agriculture purposes will be revived and 

encouraged. Special attention to it is being given and the more efforts for continuing the 

process and mobilization of funds will be made. Possibility of participation of NGOs and 

private sector will also be explored and implemented. 

 

Traditional water conservation has largely cast the issue in terms of 'for-or-against'. Much 

intellectual energy has been spent on demonstrating whether a traditional water conservation 

technique works or not. Yet, we know very little about how it works in specific localities. 

This paper seeks to address this analytical question. Taking the case of a Gandhian activist 

organization, Tarun Bharat Sangh (TBS), which has received international recognition for 

promoting traditional rainwater harvesting by means of small earthen dams (locally known as 

johads) in Rajasthani villages with the help of Rajendra Singh, known as “Water-Man” of 

Rajasthan, this paper explains how a grassroots organization, while advocating the cause of 

people‟s control of their local natural resources, uses and manipulates the concept of 

'traditional' for creating a niche for itself in the arena of soil and water conservation. The 

paper problematises 'traditional' water conservation techniques and the various positive 

connotations associated with it in the narrative of the TBS, and highlight the lack of attention 

given to issues of equity in its interventions. It is suggested that deliberate efforts on the part 

of grassroots organizations are required to address the issues of equity if the goals of 

sustainable ecological practices are to be achieved in any meaningful sense. 

 

This in short, is the history of our glorious tradition of water conservation by the village 

communities and individuals with strong support and encouragement from the state. More 



importantly this history reflects the ingenuity and wisdom of our forefathers who made 

conservation of water and its management an integral part of the native culture and 

community life. This meant that these practices were perceived by the common man. Let us 

revive and expand this old wisdom for the benefit of all our people especially in the rural 

areas. 

MATERIALS & METHODS: 

1. Paar system: - It is a common water harvesting practice in the western Rajasthan 

region. It is a common place where rainwater flows from the agar (catchment) and in 

the process percolates into the sandy soil. Fodder and Rabi crops can be grown in 

adjoining land, which can be irrigated perennially by the paar system. 

2. Nadis (Village ponds): - Village ponds, found near Jodhpur and Barmer in Rajasthan 

used for storing water from adjoining natural catchment during the rainy season. Site 

is selected by the villagers based on an available natural catchments and its water 

yield potential. Economic life of a nadi is 25 years, however with due care in repair, 

maintenance and de-silting, a nadi may function for a much longer life. 

3. Khadin: - A khadin, also called a dhora, is an ingenious construction designed to 

harvest surface runoff water for agriculture. It is popular in hyper arid part of 

Rajasthan. The perched subsurface water is extracted through bore-wells developed in 

the khadin or in the immediate vicinity downstream. 

4. Tankas (small tank): - Underground tanks, found traditionally in most Bikaner houses, 

Dwarka and old houses of Ahmedabad cities in Pol area, Built in main house or in the 

courtyard.  

5. Kunds / Kundis: - Covered underground tanks, Developed for tackling drinking water 

problems, Looks like an upturned cup nestling in a saucer. They Harvests rainwater 

for drinking, and dot the sandier tracts of the Thar Desert in western Rajasthan (also 

in Gujarat and Uttar Pradesh) and in areas where the limited groundwater available is 

moderate to highly saline. 

6. Baoris / Bers: - Baoris or bers are community wells, found in Rajasthan, that are used 

mainly for drinking. Most of them are very old and were built by banjaras (mobile 

trading communities) for their drinking water needs. 

7. Vav / vavdi / Baoli / Bavadi:- Traditional step-wells are called vav or vavadi in 

Gujarat, or baolis or bavadis in Rajasthan and northern India, Designed to bring the 

people and Gods together, these wells attempted to entice Gods to leave their abodes 

for a cool drink of water. 
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8. Jhalaras: - Jhalaras were human-made tanks, found in Rajasthan and Gujarat, 

essentially meant for community use and for religious rites. They were constructed at 

exorbitant cost and were often monumental, beautiful mansions with fine embroidery 

stone works covering large area sand were associated with religion and culture. 

 

RESULTS & DISCUSSION 

Rather than being dismissed at first, expert understanding of hydrology can help us in 

questioning the linkages between drought-proofing and rainwater harvesting that is 

uncritically presented by the TBS. Two studies prove particularly useful for verifying the 

claims made by the TBS. It is suggested that there is no logical correlation between 'drought-

proofing' and increased availability of groundwater, as claimed by the TBS. This means that 

all the extra water stored by the water harvesting structures during seasons of high rainfall is 

quickly utilized in the first season of drought.  

In a study of groundwater recharge in two villages – Bhaonta-Kolyala (upstream) and Samara 

(downstream), separated by a distance of approximately 20 km in Arvari basin, Ray and 

Bijarnia (2006) conclude that there are several factors (including average annual rainfall, rock 

structure and drainage system) responsible for the recharge of groundwater when rainwater is 

harvested simultaneously in both locations. However, the most significant factor determining 

the availability of water on a sustainable basis is the mismatch between production (recharge) 

and consumption of groundwater. In the Bhaonta village, located upstream, after the 

rainwater harvesting work done by the TBS, "the consumption of groundwater far exceeded 

its recharge in the late 1990s, which again pushes it into an unsustainable or dark zone" 

(ibid).  

The author witnessed that only relatively well-off farmers are able to invest in water 

extraction and till the lands that have previously remained uncultivable due to lack of water 

availability. Many of them start cropping more water-thirsty but profitable crops (like sugar 

cane). The TBS does motivate farmers to make economical use of water and refrain from the 

use of chemical fertilizers but these suggestions are rarely followed. This may be due to 

farmers’ need of higher crop yields and better incomes, which is sometimes incompatible 

with the goals of equity and sustainability. Thus, it is difficult to support the claim that small 

rainwater harvesting structures on their own could provide long-term water-security in 

semiarid regions with highly uneven rainfall. 

 

 



CONCLUSIONS 

It is not fruitful to continue debating traditional rainwater harvesting as a for-or-against issue. 

Presenting traditional/modern or state/community as binary oppositions will simply not 

advance the debate. Rather than asserting whether 'traditional' is good or bad, this paper has 

explained how traditional rainwater harvesting is used by the people and organizations who 

promote it as an alternative to top-down and state-led development. It is cautioned that 

critical approaches to 'development' should not lead to uncritical acceptance of alternatives to 

it, and that the new-traditionalist discourse should be problematised for the political and 

ideological premises. While big dams have come under heavy criticism for right reasons, we 

should not accept small-scale 'traditional' rainwater harvesting as an alternative to it. 

Moreover, it is important to uncover the hidden complexities in terms of power relations and 

agendas of the different actors within the 'local' and 'traditional'. In the story of the TBS, we 

see that poorer villagers within the local communities are required to accept lower wages for 

upholding the 'tradition' of shramdaan. Traditional is not always benign, nor is it always 

desirable by the local communities if it does not lead to better access to resources or 

increased benefits in terms of harvest or wage employment, issues that are largely ignored by 

TBS as an organization focusing on the discursive dimension on development. 

 

REFERENCE: 

 Gupta, S. 2011. Demystifying 'tradition':  The politics of rainwater harvesting in rural 

Rajasthan, India. 

 Maps of Rajasthan and its districts 

 Tarun Bharat Sangh (TBS) 

 Rajendra Singh, Avari - The river - A peoples movement (Rajasthan rainwater 

harvest) 

 http://www.wmf-iei.org/index.php/1 



Proceedings of National Conference on Hydrology with Special Emphasis on 
Rain Water Harvesting (NCHRWH-2013) 
November15-16, 2013, Poornima Group of Institutions, Jaipur (Rajasthan) 

 

137 
 

Rain Water Harvesting and Artificial 

Recharge 
 

Bhawana Mathur
1
, Priyanka Mathur

2
,  Abhishek Kumar Choudhary

3 

 
1
Lecturer, Sri Balaji Technical Campus, Jaipur 

2
Research Scholar, Rajasthan University, Jaipur 

3
B.Tech Student, Sri Balaji Technical Campus,Jaipur 

E-mail:- bhawanamathur19@gmail.com & choudharyab143@gmail.com 
 

 

Rainwater harvesting is the accumulation and deposition of rainwater for reuse before it 

reaches theaquifer. Rainwater harvesting provides an independent water supply during 

regional water restrictions and in developed countries is often used to supplement the main 

supply. It provides water when there is a drought, prevents flooding of low-lying areas, 

replenishes the ground water table, and enables dug wells and bore wells to yield in a 

sustained manner. It also helps in the availability of clean water by reducing the salinity and 

the presence of iron salts. Today many countries harvest rain to deal with their water scarcity. 

The rising cost of water as well as ecological concerns, have resulted in rainwater being 

accepted as a solution for water related problems. Growth of the city along with increase in 

population has resulted in rapid depletion of groundwater around the world. Rainwater 

harvesting can meet potable and non-potable water demands and also control flooding. Thus 

it has become necessary for the water authorities across different countries to adopt rainwater 

harvesting and conservation techniques. 

 

Key Words-Aquifier, low-lying areas, bore wells, Rainwater harvesting, 

History 

 Around the third century BC, the farming communities in Baluchistan and Kutch 

(India) used rainwater harvesting for irrigation. 

 In ancient Tamil Nadu (India), rainwater harvesting was done by Chola kings. 

Rainwater from the Brihadeeswarar temple was collected in Sivaganga tank. During 

the later Chola period, the Vīrānam tank was built (1011 to 1037 CE) in Cuddalore 

district of Tamil Nadu to store water for drinking and irrigation purposes. Vīrānam is 

a 16-kilometre (9.9 mi) long tank with a storage capacity of 1,465,000,000 cubic feet 

(41,500,000 m
3
). 



 Rainwater harvesting was done in the Indian states of Madhya Pradesh, Maharashtra, 

and Chhattisgarh in the olden days. Ratanpur, in the state of Chhattisgarh, had around 

150 ponds. Most of the tanks or ponds were utilised in agriculture work.  

Commonly used systems are constructed of three principal components; namely, the 

catchment area, the collection device, and the conveyance system. 

Catchment Area 

Rooftop catchments

 

Land surface  catchments

 

Collection Devices: Storage tanks and Rainfall water containers ---Conveyance Systems 

Table1 --Ground Water Resources Availability, Utilization and Stage of Development in 

Rajasthan 
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Conclusion:  

The effective management of water resources demands a holistic approach linking social and 

economic development with protection of natural ecosystem. Water development and 

Management should be based on a participatory approach involving users, planners, and 

policy makers at all levels. Both women and women play a vital part in providing, managing, 

and safeguarding water. Day by day due to over exploitation of underground water, scarcity 

and contamination by various pollutants is increasing over the world. So day by day people 

are undertaken many initiatives to use water for their consumption in a proper way. 

Rainwater harvesting is a milestone in this pace of water consumption in a proper way. In the 

study area rainwater harvesting is running over from long period but not in a proper and 

hygienic way. So people are facing various waterborne diseases in each season. The situation 

is alarming and calls for judicious planning and execution of projects that utilize the abundant 

rainwater. 
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Rainwater harvesting (RWH) is a simple low-cost technique that requires minimum specific 

expertise or knowledge and offers many benefits.In those communities where access to fresh 

water is limited and watershed health is of concern, one viable “low tech” solution is to build 

a roof water harvesting system. Rooftop rainwater harvesting (RTRWH) is the most common 

technique of rainwater harvesting (RWH) for domestic consumption. In rural areas, this is 

most often done at small-scale. It is a simple, low-cost technique that requires minimum 

specific expertise or knowledge and offers many benefits. Rainwater is collected on the roof 

and transported with gutters to a storage reservoir, where it provides water at the point of 

consumption or can be used for recharging a well or the aquifer. Rainwater harvesting can 

supplement water sources when they become scarce or are of low quality like brackish 

groundwater or polluted surface water in the rainy season. This paper represents rural 

operations for rooftop water harvesting to overcome the water scarcity. 

Keywords: Rooftop water harvesting, water scarcity 

INTRODUCTION 

Fresh water is a precious and limited resource that nourishes innumerable life forms. As 

population pressures increase, the majority of communities around the world are facing 

decreasing supplies of fresh water in general and many lack access to potable water at all. 

This lack of access impacts human health around the globe as many die from water borne 

diseases and related illnesses every year. For drinking water purposes in rural areas, the most 

common technique is small-scale rooftop rainwater harvesting: rainwater is collected on the 

roof and transported with gutters to a storage reservoir, where it provides water at the point of 

consumption. Collected rainwater can supplement other water sources when they become 

scarce or are of low quality like brackish groundwater or polluted surface water in the rainy 



season. It also provides a good alternative and replacement in times of drought or when 

the water table drops and wells go dry. The technology is flexible and adaptable to a very 

wide variety of conditions. It is used in the richest and the poorest societies, as well as in the 

wettest and the driest regions on our planet (Hatum & Worm, 2006). 

Components of Rooftop rainwater harvesting System 

Each rainwater harvesting system consists of at least the following components: 

 

 

Fig. Basic components of a rainwater harvesting system. 

 

1] Rainfall - The rainfall pattern over the year plays a key role in determining whether RWH 

can compete with other water supply systems. Tropical climates with short (one to four 

month) dry seasons and multiple high-intensity rainstorms provide the most suitable 

conditions for water harvesting. In addition, rainwater harvesting may also be valuable in 

wet tropical climates (e.g. Bangladesh), where the water quality of surface water may vary 

greatly throughout the year. As a general rule, rainfall should be over 50 mm/month for at 

least half a year or 300 mm/year (unless other sources are extremely scarce) to make RWH 

environmentally feasible (HATUM & WORM 2006).  

2] A catchment area or roof surface to collect rainwater - To be „suitable‟, the roof should 

be made of some hard material that does not absorb the rain or pollute the run-off. Thus, tiles, 

metal sheets and most plastics are suitable, while grass and palm-leaf roofs are generally not 

suitable (THOMAS & MARTINSON 2007). If a roof does not provide enough catchment 

areas, plastic sheets can be used to enlarge the catchment surface. 

3] Delivery systems 

 

Fig. A variety of guttering types. 
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The delivery system from rural rooftop catchment usually consists of gutters hanging from 

the sides of the roof sloping towards a down pipe and tank. Guttering is used to transport 

rainwater from the roof to the storage vessel. Guttering comes in a wide variety of shapes and 

forms, ranging from the factory made PVC type similar as the pipes used in water distribution 

systems to home made guttering using bamboo or folded metal sheet. Guttering is usually 

fixed to the building just below the roof and catches the water as it falls from the roof 

(Hatum& Worm, 2006).  

4] First Flushing - A first flush device is a valve that ensures that runoff from the first spell 

of rain is flushed out and does not enter the system. This needs to be done since the first spell 

of rain carries a relatively larger amount of pollutants from the air and catchment surface. 

 

 

5] Filters - The filter is used to remove suspended pollutants from rainwater collected over 

roof. A filter unit is a chamber filled with filtering media such as fibre, coarse sand and 

gravel layers to remove debris and dirt from water before it enters the storage tank or 

recharge structure. Charcoal can be added for additional filtration. 

i) Charcoal water filter - A simple charcoal filter can be made in a drum or an earthen pot. 

The filter is made of gravel, sand and charcoal, all of which are easily available. 

 

 

(ii) Sand filters - Sand filters have commonly available sand as filter media. Sand filters are 

easy and inexpensive to construct. These filters can be employed for treatment of water to 

effectively remove turbidity (suspended particles like silt and clay), colour and 

microorganisms. In a simple sand filter that can be constructed domestically, the top layer 

comprises coarse sand followed by a 5-10 mm layer of gravel followed by another 5-25 cm 

layer of gravel and boulders 

. 



 

 

6] Storage reservoirs or a tank - There are almost unlimited options for storing rainwater. 

Common vessels used for very small-scale water storage in developing countries include such 

examples as plastic bowls and buckets, jerry cans, clay or ceramic jars, cement jars, old oil 

drums, empty food containers, etc. For storing larger quantities of water, the system will 

usually require a tank above or below ground. There are various options available for the 

construction of these tanks with respect to the shape, size and the material of construction.  

Shape: Cylindrical, rectangular and square.  

Material of construction: Reinforced cement concrete, (RCC), ferro-cement, masonry, 

plastic (polyethylene) or metal (galvanised iron) sheets are commonly used. 

Position of tank: Depending on space availability these tanks could be constructed above 

ground, partly underground or fully underground. Some maintenance measures like cleaning 

and disinfection are required to ensure the quality of water stored in the container. 

7] An extraction device - Depending on the location of the tank - may be a tap, rope and 

bucket, or a pump (Hatum& Worm, 2006), or infiltration device in the case the collected 

water is used for well or groundwater recharge. Collected water can also be used for 

replenishing a well or the aquifer . Excess rainwater during the rainy season is used to 

recharge a dug well, as well as the groundwater. In this case recharging 

the groundwater even improved the water quality in the dug well (Shreshta, 2010). 

 

Basic Design Principles 

 

Fig. Process diagram of a RWH system. 

 

User Behaviour - Depending on the user behaviour the storage and treatment (water quality) 

infrastructure is probably different. In some parts of the world, RWH is only used to collect 

enough water during a storm to save a trip or two to the main water source (open well or 

pump). In this case only a small storage container is required. In arid areas, however, people 

strive to create sufficient catchment surface area and storage capacity to provide enough 
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water to meet all the needs of the users (Hatum& Worm, 2006). Four types of user regimes 

can be discerned: 

Occasional - Water is stored for only a few days in a small container. This is suitable when 

there is a uniform rainfall pattern and very few days without rain and there is a reliable 

alternative water source nearby. 

Intermittent - There is one long rainy season when all water demands are met by rainwater, 

however, during the dry season water is collected from non-rainwater sources. RWH can then 

be used to bridge the dry period with the stored water when other sources are dry. 

Partial - Rainwater is used throughout the year but the „harvest‟ is not sufficient for all 

domestic demands. For instance, rainwater is used for drinking and cooking, while for other 

domestic uses (e.g. bathing and laundry) water from other sources is used. 

Full - Only rainwater is used throughout the year for all domestic purposes. In such cases, 

there is usually no alternative water source other than rainwater, and the available water 

should be well managed, with enough storage capacity to bridge the dry period. 

Health Aspects 

Rainwater itself is of excellent quality, only surpassed by distilled water – it has very little 

contamination, even in urban or industrial areas, so it is clear, soft and tastes good. 

Contaminants can however be introduced into the system after the water has fallen onto a 

surface.Firstly, there is the issue of bacteriological water quality. Rainwater can become 

contaminated by pathogenic bacteria (e.g. form animal or human faeces) entering the tank 

from the catchment area. It is advised that the catchment surface always be kept very clean. 

Rainwater tanks should be designed to protect the water from contamination by leaves, dust, 

insects, vermin, and other industrial or agricultural pollutants. Tanks should be sited away 

from trees, with good fitting lids and kept in good condition. Incoming water should be 

filtered or screened, or allowed to settle to take out foreign matter. Water, which is relatively 

clean on entry to the tank, will usually improve in quality if allowed to sit for some time 

inside the tank.Bacteria entering the tank will die off rapidly if the water is relatively clean. 

Algae will grow inside a tank if sufficient sunlight is available for photosynthesis. Keeping a 

tank dark and sited in a shady spot will prevent algae growth and also keep the water cool. As 

mentioned above, first flush devices help to prevent the dirty „first flush‟ water from entering 

the storage tank. The area surrounding a RWH should be kept in good sanitary condition, 

fenced off to prevent animals fouling the area or children playing around the tank. Any pools 

of water gathering around the tank should be drained and filled (Practical Action, 2008). 



Secondly, there is a need to prevent insect vectors from breeding inside the tank. In areas 

where malaria is present, providing water tanks without any care for preventing insect 

breeding can cause more problems than it solves. All tanks should be sealed to prevent 

insects from entering. Mosquito proof screens should be fitted to all openings (Practical 

Action 2008) 

Applicability 

Small-scale rooftop rainwater harvesting in rural areas can be applied everywhere: the 

technology is flexible and adaptable to a very wide variety of conditions. It is used in the 

richest and the poorest societies, as well as in the wettest and the driest regions on our planet. 

Collected rainwater can supplement other water sources when they become scarce or are of 

low quality like brackish groundwater or polluted surface water in the rainy season. It also 

provides a good alternative and replacement in times of drought or when the water tabledrops 

and wells go dry (Hatum&Worm,2006). 

Advantages 

 Users can maintain and control themselves their systems without the need to rely on 

other members of the community. 

 Local people can easily be trained to build RWH systems themselves. This reduces 

costs and encourages more participation, ownership and sustainability at community 

level. 

 Rainwater is better than other available or traditional sources (groundwater may be 

unusable due to fluoride, salinity or arsenic). 

 Costs for buying water and time to extract from the city water supply can be saved. 

 Costs for buying water and time to extract from the city water supply can be saved. 

 Not affected by local geology or topography. 

 Almost all roofing material is acceptable for collecting water for household purposes. 

 

Disadvantages 

 Limited by the amount of rainfall and the size of the catchment area and storage 

reservoir. 

 Supply is sensitive to droughts: Occurrence of long dry spells and droughts can cause 

water supply problems. 
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 The cost of rainwater catchment systems is almost fully incurred during initial 

construction. 

 Proper operation and regular maintenance is a very important factor that is often 

neglected.  

 Rainwater quality may be affected by air pollution, animal or bird droppings, insects, 

dirt and organic matter. 
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Fresh water springs of Garhwal region receive the input from the rainfall in middle 

Himalayas where the spring flows are directly affected of many hydro meteorological and 

other factors, some of these are precipitation and global warming as well as regional 

warming. Study of natural spring flow is very much important as this is an integral part of 

mountainous water resources and is back bone of all agricultural, social and financial 

activities of the habitat settled in the mountainous regions of middle Himalayas. In this study, 

It was found that the discharges of springs of Chandrabhaga watersheds are very sensitive 

and responds to precipitation and to the watershed characteristics. Rainfall patterns in the 

recharge areas of springs and behavior of spring flows work as the rain water harvesting and 

operational pattern. Transfer of surplus spring water from “water surplus” to “water deficit” 

springs under gravity flow has been evaluated while considering spring wise water 

availability and demand. 
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Requirement of water has been rising in the urban agglomerates due to population explosion and 

growth in commercial activities along with social needs and comfort resulting in crumbling of 

existing systems of water supply and sanitation. In Jaipur urban agglomerate, surface water sources 

like Ramgarh Lake are generally empty and groundwater contributes over 95% of urban water supply. 

Present aerial dimension of the urban area lies between north latitudes 26°47‟-27°02‟ and east 

longitudes 75°36‟-75°55‟ located almost in the centre of the district and covers an area of about 470 

km2. The Jaipur urban area occupies in parts of Sanganer (45.5 %), Jhotwara (42.5%) and Amer 

(12%) blocks of Jaipur district. With the increase in rate of urbanization, population of the city has 

also increased many folds i.e. about 16 times during the period 1931-2006. Old walled city area is the 

most populated part and has mainly contributed high salinity and nitrate pollution in groundwater. 

Geomorphologically, the urban agglomerate is occupied by landforms including sandy-plains, hills 

and intermountain valleys, pediments etc. Streamlet originating from Nahargarh hills namely 

Amanishah Nalla (ephemeral) flows southerly up to Sanganer area where it takes easterly flow 

direction. Surface water in extreme western part of the urban area flows in westerly direction and 

discharges through Bandi river. Jaipur city experiences semi-arid climatic conditions. Mean annual 

rainfall recorded at Sanganer, Amer and Jaipur (irrigation) rain gauge stations is 622.7 mm, 676.6 mm 

and 619.5 mm respectively (average mean annual rainfall 640 mm). As a characteristic of semi-arid 

climate, rate of potential evapotranspiration is high (1744mm). 

Rocks of Bhilwara Super Group comprising mainly of gneisses and schists (Achaean age) are overlain 

by quartzite with inter-bedded phyllite and schist sequence of Alwar Group (Delhi Super Group) 

mostly covered under Quaternary deposits in major parts of the urban area. Quaternary 

unconsolidated fluvial and aeolian sediments are mainly composed of sand, silt, gravel and clay with 

kankar form the principal aquifer system, saturated thickness of which varies considerably. Depth to 

water level varies from 11m to 50m. Depth to water level in the central part of the area covering 

walled city, Amer, Jal Mahal is shallower i.e. below 20m and forms a mound. Groundwater flows in 

general from north to south direction i.e. along the direction of flow of Amanisha Nalla. Decline in 

water level during the last five years varies from 4.08m to 16.45m and rate of decline from 0.82m to 

3.29m/year in Sukhpuria area and MES, Bani Park area respectively. Permeable formations, shallow 



groundwater level in walled city area especially during ancient times coupled with lack of proper 

sewerage system might have caused rapid nitrate pollution. 

Urban centers in India are facing an ironical situation today. On one hand there is the acute water 

scarcity and on the other hand the streets are often flooded during the monsoons. This is despite the 

fact that all these cities receive good rainfall. However, this rainfall occurs during short spells of high 

intensity. (Most of the rain falls in just 100 hours out of 8,760 hours in a year). Because of such short 

duration of heavy rain, most of the rain falling on the surface tends to flow away rapidly leaving very 

little for recharge of groundwater. Most of the traditional water harvesting systems in cities have been 

neglected and fallen into disuse, worsening the urban water scenario. One of the solutions to the urban 

water crisis is RAINWATER HARVESTING - capturing the runoff. 

 The 2012 rainfall caused flooding in Jaipur as the drainage system of the city had fallen to neglect 

after the 1981 floods. Had Jaipur residents constructed rainwater harvesting structures, a lot of 

neighborhoods could have been saved from flooding. Water experts believe that water logging after 

the 170mm-rain was enough to raise the groundwater level of the city and would have significantly 

improved the region‟s groundwater table. 

This paper attempts to emphasize on the need of rainwater harvesting in Jaipur city by highlighting 

the groundwater problems of the city. It further shows the various methods of rainwater harvesting 

suitable for different areas of the city. The paper concludes about the importance of rainwater 

harvesting in Jaipur not only to solve water scarcity but also to solve urban flooding problem as 

witnessed this year. 
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Rainwater harvesting (RWH) is synonymous with many cities in developing countries as 

majority of them reel under severe groundwater exploitation. This is due to the increased 

demands of water for domestic and industrial uses and unplanned development works. The 

design of rainwater harvesting structures in any locality requires a thorough understanding of 

surface water (rainfall and runoff characteristics) hydrology and groundwater movement and 

storage of water below the earth surface) hydrology  of the area. Any lack of available or 

collected data in the above mentioned hydrologic aspects will reflect in the reduced response 

of the designed and implemented rainwater harvesting system. Rain water harvesting is 

essential because: - Surface water is inadequate to meet our demand and we have to depend 

on ground water. Due to rapid urbanization, infiltration of rain water into the sub-soil has 

decreased drastically and recharging of ground water has diminished. 
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Introduction  

Rajasthan state is suffering from drought like conditions because 99% of dams are at the 

verge of drying. So, the city of Jaipur is taken into light for harvesting rainwater in multi-

storey buildings. Bisalpur Dam is the main source of water supply to the city. But the water is 

over consumed due to increase in population and industrial area. As a result of which the 

given source is highly stressed [1]. In order to have a sustainable urban growth there must be 

some alternatives of water source like rainwater tanks, waste water management etc. There is 

not much details are available related to rainwater harvesting (RWH) in multi-storey 

building. 

One of the best ways of harvesting the rainwater is to establish a rainwater tank of desired 

capacity [2]. By developing such a tank in detached houses, one can satisfy the daily 

household demand to a large extent. The average rainfall of Jaipur is 650mm and daily water 

consumption is 135 liters per capita per day (LPCD). The whole system of RWH is designed 

on the basis of these parameters [3]. The main objective of this study is to find out the current 

scenario of RWH in multi-storey buildings in Jaipur city. Estimate of the water demand of 

individual households in a multi-storey building and assess stress on water supply system in a 

multi-storey building i.e. ground water. 

Methodology 

The whole mechanism starts from roof which acts as a catchment area which receives 

rainwater directly and from the roof, the water will be diverted to the rainwater tank through 

the pipelines system. This stored water will be taken into use in the form of toilet flushing, 

cloth washing, dish washing and other outside uses. 

Following are the components of system [2]:- 

1. Leaf eater      6.First flush 

2. Tank top up                7.Tank screen 

3. Downpipes      8.Plumbing cost 



4. Electrician cost     9.Maintenance cost 

5. Fittings      10.Water tank cost 

The annual water consumption and water harvested amount is calculated using following 

equation [2].  

Annual Water Consumption for multi-story building is calculated by equation (1). 

                                                                 V1=V´*N*Nº                                                          (1)                     

Where V1- Amount of water consumption per year (Litres) 

V´-Water Demand in LPCD 

N - No of person 

Nº- No of Flats 

Amount of water harvested annually is calculated by below equation (2). 

      V2 = A*h                                (2) 

Where: -V2-Harvested water annually (Litres) 

A- Roof Area (M²) 

h- Annual rain fall (M) 

 

Result and Discussion  

On the basis of study of water consumption, a typical household uses over 540 liters of water 

every day. This equates to around 1, 97,100 liters (average 4 persons in a family @ 135 

LPCD) ever year [3]. 

Table 1 Water Consumption of Household 

 

S. No. Purpose of use Percentage 

consumption 

Water Consumption in Liter Per 

Year 

1. Toilet Flushing  20% 39,420.00 

2. Bathing 20% 39,420.00 

3. Washing Cloths 15% 29,565.00 

4. Dish washing & Kitchen 10% 19,710.00 

5. Gardening & Other 

outside uses 

35% 68,985.00 
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The selected 8 buildings which are situated in different areas of Jaipur and data are collected 

from these buildings. Following are the results of survey and calculation:-  

 

Table 2 Analysis of Rain Water Harvested System in Multi Story Buildings 

Sr 

No. 

Name of Building No 

flats 

Roof 

Area 

(M²) 

Water 

Consumed 

per 

year(Litres) 

Water 

Harvested 

per Year 

(Litres) 

%  reduction 

of ground 

water 

consumption 

1 Dhanuka,Sikar Road (G+7) 24 557.70 4730400 362505 7.67% 

2 Sunshine, Sikar Road(G+8) 36 952.74 7095600 619281 8.72% 

3 Balaji Tower, Vidhyadhar 

Nagar(G+7) 

32 892.32 6307200 580008 9.19% 

4 UDB skyway, 

Murlipura(G+9) 

50 1305.95 9855000 848868 8.61% 

5 Grand Residency, Sirsi 

Road (G+8) 

45 1130.27 8869500 734676 8.28% 

6 GanpatiDarshan, Trimurti 

Circle (G+7) 

32 697.12 6307200 453128 7.81% 

7 ManglamAroma,Mansovor 

(G+8) 

45 1254.83 8869500 815639 9.19% 

8 Poornima Group of 

Institutions, 

Sitapura(B+G+1) 

- 3899.51 3180600 2534682 79.69% 

 

Conclusion  

 On the basis of results obtained, it can be concluded that larger the roof area of building, 

more quantity of water will be collected. It is examined that 8.50% of ground water 



consumption can be reduced. Number of family members also affects the daily water 

consumption. 
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Climate change is an additional threat that puts increased pressure on already stressed 

hydrological systems and water resources. The impacts of climate change are already visible 

given that temperature and rainfall variabilities have increased and intensified over the last 

two decades. Recent studies indicate the extreme vulnerability of India to the impacts of 

climate change and recommend that appropriate adaptation measures be put in place. 

Rainwater harvesting is listed among the specific adaptation measures that the water sector in 

India needs to undertake to cope with future climate change. At present, there is limited 

application , despite its high potential for alleviating the impacts of climate change on water 

security in many areas of India. 

 

Water is as important for survival of human being as much as food, air etc, but hardly any 

attention is paid for its economical use and conservation of this precious resource for 

domestic power generation through Roof top Rain water harvesting.  However, in this work 

an attempt will be made to examine the feasibility of designing a micro hydel power 

generation utilizing the harvested rain water for a multi storey tall buildings by design a 

storage system for storing of the harvested rain water at the top storey of the building an 

another as the underground storage tank for collecting the water after power generation for 

other uses. The design of storage tanks, pipe network and flow control valves etc. will be 

done for the optimum utilization of the harvested rain water.  
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Rainwater harvesting (RWH) is the ancient practice of collecting rainwater and storing it for 

later use and is composed of a roof catchment, a conveyance network, a rainwater storage 

tank, a pump and fixtures where rainwater is utilized. Most systems also incorporate 

treatment technologies to improve the quality of rainwater before and/or after storage, and 

include provisions for periods of insufficient rainfall (a make-up water supply) and periods of 

excessive rainfall (overflow provisions). The biggest challenge with using rainwater 

harvesting is that it is not included in water policies in many countries and in many cases 

water management is based on renewable water, which is surface and groundwater with little 

consideration of rainwater. Rainwater is taken as a free for all resource and have seen an 

increase in its use. This has resulted in over abstracting, drastically reducing water 

downstream users including ecosystems. This has introduced water conflicts in some regions 

of the world. For the sustainable use of water resources, it is critical that rainwater harvesting 

is included as a water sources as is the case for ground wand surface water. This paper 

highlights the link between rainwater harvesting, ecosystems and human well-being and 

draws the attention to both the negative and positive aspects of using rainwater harvesting 

technology and how the negative benefits can be minimized and positive capitalized.  

Keywords: Rainwater, Rainwater Harvesting, Human well – being, Eco System. 

 

INTRODUCTION 

In 2008 the world witnessed multiple crises including a food one which resulted in unrest in 

many areas of the world. These tensions may well foreshadow future challenges as they relate 

to providing sufficient food for six, rising to nine billion people. Unless we get more 

intelligent in the way we manage agriculture, the world is likely to head into deeply 



challenging times. Water and the good and services provided by ecosystems are part of this 

urgent need for an intelligent management response not least in relation to food production. 

Water is the lifeblood of the planet, and the state of this resource affects all natural, social and 

economic systems. Water serves as the fundamental link between the climate system, human 

society and the environment. Climate change is severely impacting the hydrological cycle 

and consequently, water management. This will in turn have significant effects on human 

development and security. Climate change has substantial impacts on both water resources 

demand and availability. It is critical to understand the processes driving these changes, the 

sequences of the changes and their manifestation at different spatial and temporal levels. 

These changes are likely to be an increasingly powerful driver of water availability, acting 

with other drivers that are already having a serious impact on its quality and availability. 

Increased water related risks associated with the changes in frequency and intensity of 

extreme events, such as droughts, floods, storm surges, and landslides, will put additional 

strain on water resources management and increase uncertainty about quantity and quality of 

water supplies. Though, the rainwater harvesting conceptualized for all time source of water. 

 

1] A way to Support Eco System Services 

Ecosystem services are fundamental for human wellbeing. Availability of water is critical for 

ecosystem health and productivity, ensuring supply of a range of products and services, to 

benefit human well-being. With growing multiple demands of water, the ecosystems 

supporting and regulating the structure and function of natural ecosystems may be eroding. 

There is an urgent need to find opportunities to enable development and promote human 

well-being without undermining ecosystem health and Opportunities can rainwater harvesting 

offer to enable sustainable development, increase human well-being, and environmental 

protection. Rainwater harvesting locally collects and stores rainfall through different 

technologies, for future use to meet the demands of human consumption or human activities. 

However, rainwater harvesting has much wider perspectives, in particular if it is considered 

in relation to its role in supporting ecosystem goods and services. 

 

2] Water Components of Eco System Services 

Provisioning ecosystem services and rainwater harvesting 

Water is essential for all living beings, for consumptive use. Plants and vegetation are by far 

the largest water consumers, but they also provide direct livelihood and economic returns to 
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humans as food, fodder, fibres and timber, in addition to products for pharmaceutical use, 

diverse genetic resources and fresh water.  

 

Regulating ecosystem services and rainwater harvesting 

The regulating services are in addition to the supporting services, are essential for human 

well-being as they control the type and provisioning capacity of ecosystems in specific 

locations. Water flows across the landscape play a role in a range of regulation services as 

water is primarily involved in many of them. 

 

Cultural ecosystem services and rainwater harvesting 

Water has strong cultural and religious values. These values are critical for human spiritual 

well-being, and are recognised as having an essential role in societal interactions, once 

primary resources are provided.  

 

Supporting ecosystem services 

The supporting services pre-determine the conditions for all other services. Water flows play 

an essential role as a medium for the transport of nutrients and contaminants, in the shaping 

of soils, and in photosynthesis. Together with soil conditions and climate conditions the water 

balance will determine the net primary production level at a given location. To conclude, 

rainwater harvesting is often implemented to improve local provisioning capacity by 

ecosystems for human well-being.  

 

3] Current and Potential Implementation of Rainwater Harvesting 

Many cultures have developed their societies with the primary management of water 

resources as a corner stone, developing more sophisticated ways of supplying water both for 

consumption and agriculture. At the global level, there is no comprehensive assessment of the 

extent of implementation of rainwater harvesting technologies for specific uses. 

Unfortunately, the information on irrigation cannot directly be associated with rainwater 

harvesting systems for irrigation purposes as it differentiates between surface water and 

groundwater, which does not allow the separation of shallow groundwater from deep 

groundwater, nor surface water withdrawn from blue water sources (lakes, water ways, large 

dams) from smaller scale systems. This lack of global information on where and how much 

rainwater harvesting is currently in use makes it impossible to say how many people actually 



benefit from rainwater harvesting today (Fig). It also becomes challenging to summarize the 

global and/or regional benefits and costs in specific locations, countries or regions of 

rainwater harvesting for human well-being or ecosystem impacts arising from rainwater 

harvesting.  

 

Rainwater Harvesting for Management of Watershed Ecosystem 

 

1] The Role of Watershed Management 

Watershed management and development refers to the conservation, regeneration and the 

judicious use of the natural (land, water, plants, and animals) and human habitat within a 

shared ecosystem (geological hydrological- aquatic and ecological) located within a common 

drainage system. 

 

Fig. Schematic of RWH technologies based on source of water and water storage type 

Apart from the purely environmental concerns, i.e., restoring ecosystem functions, the 

watershed framework often focuses on livelihood improvements, poverty alleviation and a 

general increase in human well-being. Watershed management is a strategy which responds 

to the challenges posed by a rainfed agro-ecosystem and human demands. Typically these 

challenges include water scarcity, rapid depletion of the ground water table and fragile 

ecosystems, land degradation due to soil erosion by wind and water, low rainwater use 

efficiency, high population pressure, acute fodder shortage and poor livestock productivity, 

mismanagement of water sources, and lack of assured and remunerative livelihood 
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opportunities. Therefore, the watershed management approach seeks to ensure human well-

being and progress toward sustainable development through improved ecosystem services. 

The framework of watershed management acknowledges the dynamic interrelationship 

between people and ecosystems. The water management component of watershed 

management in rainfed areas largely depends on rainwater to initiate the local development 

processes.  

 

2] Potential of Rainwater Harvesting 

 

Impact on Downstream Flows 

The strategy for drought proofing would be to ensure that every village captures all of the 

runoff from the rain falling over its entire land and the associated government revenue and 

forest lands, especially during years when the rainfall is normal, and stores it in tanks or 

ponds or uses it to recharge depleted groundwater reserves. In this case the negative 

externality would be the effects of rainwater harvesting on downstream water availability. 

Runoff out of the watershed may be considered as a waste from a local point of view, but it 

may be a key resource for surface withdrawals or recharge of groundwater for downstream 

users. 

 

Decentralized Approach to Access More Water 

The fact that rainfall is unevenly distributed between years, as well as within rainy seasons, 

storing rainwater is a key component of water management. The water can be stored in 

storages of different construction and dimensions; for example, large reservoirs with large 

catchments and small tanks and ponds with small catchments, or use of natural or artificial 

groundwater recharge to store water in the soil.  

 

Increasing Infiltration and Groundwater Recharge 

Groundwater recharge in watershed management can be induced through different structures; 

for instance, through dug shallow wells and percolation tanks. Percolation tanks alternatively 

are another recharge structure which is generally constructed on small streams and used for 

collecting the surface runoff.  

 

Reducing Soil Erosion 



Rainfed areas are also confronted with problems of land degradation through soil erosion. 

Watershed management interventions through water harvesting are often synonymous with 

soil and water conservation. They act both to harvest rainfall and to conserve soil and water, 

as a mean of increasing farm productivity.  

 

Intensification of Crop Production 

Reduction of surface runoff was used to augment both surface and shallow groundwater 

reserves through in situ rain water harvesting interventions. This had a direct benefit by 

expanding the irrigated area and increasing cropping intensity. As part of land development 

activities, several farmers have built small field bunds to retain water in the fields that are 

flooded during the monsoon for production during the subsequent dry season. 

 

Improving Food Security and Economical Security 

Rainwater harvesting can be instrumental to decentralized water supplies and local food 

security. This typically has led to a reduction in dependency and debt, to a decrease in the 

reliance on moneylenders, and to an increase in savings and investment in new assets 

(primarily agriculture related assets) or improvement in existing assets. 

 

Rainwater Harvesting in the Management of Agro – Eco System 

 

1] Role of Rainfed Farming for Ecosystem Services 

Development of agriculture is the main land use change that has affected and depleted many 

ecosystem services in favour of increased agricultural biomass production. The soil and 

climate sets the parameters for agro-ecosystems. Increasingly, the value of a healthy soil 

system is recognised as a key ecosystem service in sustaining agro-ecosystem production. 

Water flows in the soil system depend upon two principal factors; infiltration of rainfall, and 

water holding capacity of the soil. Rainwater harvesting for crops is therefore closely related 

to soil system management; namely, the actions taken to improve infiltration into the soil and 

to increase water holding capacity and fertility functions in the soil. More efficient rainwater 

harvesting systems have a great role to play, especially in developing countries struggling to 

provide water and affordable food. 

 

2] Water Security to Ensure Human Well-Being in Rainfed Farming Systems 



Proceedings of National Conference on Hydrology  
with Special Emphasis on Rain Water Harvesting (NCHRWH-2013) 
November15-16, 2013, Poornima Group of Institutions, Jaipur  

   

167 
 

The large yield gap between attainable yields and farmers‟ practice, as well as between 

attainable and potential yields, shows that there is a large potential to improve yields in 

rainfed agriculture that remains to be tapped. They opted to replace traditional low value 

cereals with high value ones (but ones more vulnerable to dry spells and droughts), and 

introduce intensive crops through borrowing but with little success. In particular, degraded 

soils with low productivity can send the relationship between the ecosystem and human well-

being into a downward spiral, with diminishing yields, affecting farmers‟ livelihoods, and 

reduced capacity to restore and enhance the soil system‟s health to a more productive state. 

 

Forests Working as Rainwater Harvesting 

 

1] Global Trends in Forest Cover 

Notably, the range and nature of deforestation is very variable in different regions and 

countries. In many cases, with intensifying cultivation and conversion to pasture or 

permanent low-input agriculture, the result is not only loss of biodiversity and its related 

ecosystem services, but landscapes are at risk of erosion, water pollution, flooding and 

decreasing soil productivity. These land use and land quality developments are very 

undesirable from the perspective of meeting the needs for increased biomass production for 

food and energy, as well as for ensuring a supply of clean water. Also to emphasise the need 

for development of more varied plantation practices and better understanding of the water-

related values of planted forests in the wide range of settings where they are used. 

 

2] Forest Ecosystems as Water Harvest Intervention 

It is now an empirically and theoretically well-established general scientific paradigm that 

forests use more water than lower vegetation and annual crops in rainfed agriculture. 

Typically, when forest cover is regenerated, more rainfall tends to (once again) be partitioned 

through soil infiltration and to green water (used for food and fibre production), reducing its 

availability as blue water (available for human consumption) downstream (Farley et al., 

2005; Scott et al., 2005). Forest water use is often a significant factor in landscape water 

flows, including surface, subsurface and downstream.  

 

Rainwater Harvesting for Water Security in Rural and Urban Area 



Though only one target addresses water, it plays a critical role in meeting the goals, 

particularly those concerning hunger, poverty, health and biodiversity. Available freshwater 

continues to decline due to over-abstraction, pollution and reduced precipitation, resulting in 

a decrease in runoff. Freshwater ecosystems link directly and indirectly with human well-

being, especially the well-being of poor communities and households. There is a close 

interdependency between freshwater ecosystems and human well-being. Though it is not easy 

to put an economic value on ecosystem services, some attempts have been made. Rainwater 

harvesting can be used to improve ecosystem function, particularly the water supply aspect, 

and regulation (controlling flood and erosion).  

 

Rainwater Harvesting, Ecosystems and Rural Water Supply 

Typical rural ecosystem services that support human livelihoods include water supply, 

agriculture including livestock management, fisheries, and forest and tree products (timber, 

honey, fruit, vegetables, fibres, fuel etc.). Rainwater harvesting is highly decentralized and 

enables individuals and communities to manage their own water for these purposes. This is 

particularly suitable in rural areas with a dispersed population and where a reticulated water 

supply is not feasible or extremely costly for investment. The low cost of the rainwater 

harvesting technologies can be a more attractive investment option in rural areas. In essence, 

it can supply water to accelerate social and economic development, to alleviate poverty and 

generate income for rural farmers by enhancing the crop yield, modifying the method of 

production, as well as to promoting environmental conservation. 

 

Urban Water Security and Cost Reduction 

 

1] Impacts on Urban Hydrology on Ecosystem 

In urban areas rainwater is disposed of most commonly as storm flows, in underground pipes, 

and as quickly as possible. If climate change brings higher peaks and intensities in the 

volume of precipitation, current storm water drainages will be too small to cope and more 

incidences of flooding may occur. The problem of financing the water supply and wastewater 

infrastructure will increase as a result of demographic changes and urban-rural settlement 

shifts. However, we have to adapt our technologies of urban hydrology to this change in 

demography and climate. This is our chance to modernize these very important infrastructure 

elements for the benefit of the economy and society, by making them decentralised, and thus 

more affordable. 
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2] Water Quality and Health 

The challenge with rainwater is to keep the collection surfaces (roof tops) and the storage 

facilities free from contamination and free from mosquito breeding. With the adequate 

operation and maintenance of the collection areas, filter and tank systems, good quality water 

may be obtained by collecting rainwater from rooftops. While high-quality source water may 

require little or no treatment, it is still recommended that any water used for drinking be 

disinfected to ensure microbiological safety. 

 

3] Two sided coin, Synergy Advantages 

Urbanisation puts the surrounding water resources under pressure, challenging ecosystem 

services in two principal ways. Firstly, the concentrated urban population demands adequate 

water for consumption and sanitation needs, which requires stable and large supplies of 

water, often through the use of surface water/dams or groundwater. These extractions can 

threaten other landscape habitats and functions, reducing the ecosystem‟s capacity to supply 

things such as water downstream, habitat for biodiversity, and livelihood support. Secondly, 

the reduced infiltration of urban landscapes alters the flow downstream, and can increase the 

incidence of flooding. Rainwater harvesting in urban areas can address both these negative 

effects. Rainwater harvesting tanks contribute to the redistribution of flows over longer 

temporal scales, thus reducing the incidence of flooding downstream.  

 

RWH Providing Adaption Opportunities to Climate Change 

Degradation of ecosystem services in the face of the demands of an increasing population 

often results in difficult trade-offs, sometimes developing into conflicts. Sometimes, too, it 

forces people to migrate to even more degraded areas, which further contributes to 

increasingly unsustainable utilization of natural resources.  

 

1] Role of Rainwater Harvesting 

Rainwater harvesting is one effective water technology for adaptation to increased variability 

in water supply and rainfall. Its decentralized nature allows the owners to benefit from direct 

management of demand as well as supply. With support technologies (modern and 

indigenous), rainwater harvesting is cost effective, and can release capital needed in times of 



disasters of surprising magnitudes. This also reduces greenhouse gas emissions related to 

water supplies. 

 

2] Reducing CO2 Emission 

The system of water delivery in the context of current infrastructure development is part of 

the contributing system for greenhouse gas emissions. Different combinations of tanks with 

demand management affects the size of the CO2 equivalent emissions related to the rainwater 

harvesting system used. In addition, substantial greenhouse gas savings could be made by 

addressing wastewater management, in addition to the rainwater harvesting intervention. 

 

3] Current adaptation strategies to climate variability and ecosystem management 

The increasing risk of natural and man-made catastrophic events has been a growing niche 

for water provision in a decentralised manner with limited costs. People‟s priority was 

construction of rainwater tanks after the immediate need for food was satisfied. When project 

fund was exhausted, the community started building stone lines and grass strips to catch 

water. Rainwater harvesting tanks, more than modern water equipment, are necessary life 

support systems in new settlements for the refugees (Barton, 2009). 

 

4] Climate Change Adaptation in Domestic Water Supply 

Water reservoirs were vulnerable to prolonged drought and climate change which reduces 

rainfall amounts in catchments. The consequences of such occurrences for a large urban area 

could be catastrophic. The study arrived at the conclusion that roof-water harvesting can 

make a substantial contribution as an adaptation technology and reduce the vulnerability of 

water supply in urban areas. The analysis strongly suggested that there is a significant 

difference in the response to climate change of the two systems for collecting water from 

rooftops or from catchments. A number of cases on rainwater harvesting illustrate rainwater 

harvesting as an effective strategy to reduce vulnerability amongst local users to an 

unexpected lack of water. This suggests that one adaptation strategy to both short- and long-

term variability in rainfall should be to actively work on decentralized water storage 

technologies, flexible to adopt and adapt in multiple user contexts. The technology has 

matured and the world condition is in such state that it needs this technology to heal itself, to 

protect what natural assets that have remained, and to start anew, beginning with the 

simplicity and appropriateness of this humble technology. 
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Summary and Conclusions 

 

1] Positive Effects Rainwater Harvesting and Ecosystem Services 

Healthy ecosystems provide a range of essential human well-being products and services. In 

this paper, rainwater harvesting has been discussed from an ecosystem perspective. The 

emerging picture is that different rainwater harvesting interventions can have positive effects 

both on ecosystem services and human wellbeing, thereby creating synergies in desired and 

positive development paths. The positive effects of rainwater harvesting are related to the 

increased provisioning capacity of the ecosystem services. The primary services are the 

provision of more water of better quality for domestic supply and for increased crop 

production. Secondary benefits relate to the regulating and supporting ecosystem services 

The three key services mentioned are: (1) reduced soil erosion improved infiltration capacity 

into the soil, and reduced incidences of flash floods/downstream flooding (2) recharge of 

shallow groundwater, springs and stream flows, and (3) increased species diversity amongst 

flora and fauna. Especially provisioning capacity improves, both through access to harvested 

water, but also through the different in situ interventions that recharge the soil and shallow 

groundwater systems.  

A second area of positive benefit of rainwater harvesting on ecosystem services and human 

well-being is in urban areas. Here, the effects on ecosystem services are mainly related to 

reduce pressures for withdrawals from groundwater and surface water, and reduced 

incidences of flooding downstream. The key human well-being effects are related to direct 

income gains (reduced costs for public or private water supply, and also reduced CO2 

emissions as rainwater harvesting reduces energy demands).  

 

2] Human Well-Being Improving With Gains in Ecosystem Services 

Human well-being gains are evident as the ecosystem services improve in response to 

changes in ecosystem provisioning and supporting capacities. However, more negative 

impacts were mentioned especially relating to health, gender and equity of labour and 

increased income generated from the rainwater harvesting. An additional positive effect 

especially mentioned in the rainwater harvesting interventions for rural domestic and 

agricultural purposes at the farm scale and watershed-scale was the building of human and 

social capital to undertake other development activities. When rainwater harvesting was 

implemented in a community, it also strengthened community coherence through the 



formation of interest groups, working groups or micro finance groups. It is also used as 

means of reducing vulnerability to interrupted water supply, especially in regions prone to 

earthquakes or other natural hazards that can disrupt public water supplies.  

 

Suggestions 

1] Rainwater harvesting interventions can be included as potential options in land and water 

resource management activities for human well-being and ecosystem productivity. 

2] Rainwater harvesting can be effective as a complementary and viable alternative to large-

scale water withdrawals, and as a way of reducing the negative impacts on ecosystem 

services, not least in emerging water stressed basins.  

3] Rainwater harvesting is a local intervention, with primarily local benefits on ecosystems 

and human livelihoods. Stakeholder consultations and public participation are key to enabling 

the negotiation of the positive and negative trade-offs that may emerge. Rainwater harvesting 

interventions should always be compared with alternative water management interventions 

and infrastructure investments.  

4] Access and the right to land can be a first step toward implementing rainwater harvesting. 

Special measures should be in place so rainwater harvesting benefits the land-poor and the 

landless in communities. 

5] Establish enabling policies and cost–sharing strategies (including subsides) to be provided 

together with technical know-how and capacity building. 
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India has a road network of 4.109 million km length spread across diverse geographical 

locations & climatic conditions and managed by different entities. According to AASHTO, 

the transportation sector worldwide is responsible for 22% of global energy consumption, 

25% of fossil fuel use, and 30% of global air pollution along with greenhouse gases. It also 

accounts for 10% of the world‟s gross domestic product (GDP).With such significant shares 

in energy use, and both natural and economic resources, small adjustments to reduce each of 

these impacts from the transportation sector could lead to important benefits (FHWA, 2011).  

The Green Highways Watershed Approach to storm water management recognizes that 

highways coexist with other land uses within watersheds, and a collaborative approach 

provides an opportunity for highway agencies to plan and deliver the most cost-effective 

protection, even improvement, to watersheds. To aid in watershed recovery, address 

watershed impairments, and to be prepared to address future potential water quality standard 

requirements, designers must begin thinking outside of the right-of-way. Applying storm 

water management techniques to address water quality and water quantity concerns is now 

common practice in highway projects. Best management practices (BMP) are typically 

designed to meet regulatory requirements, and are focused on treating and managing runoff 

within the rights-of-way (row) of highways. Whereas, the GHP approach focuses on activities 

beyond the right-of-way and within the watershed for better-than-before results. 
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Water Quality 
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1. Introduction 

 

Quality of water is an important factor in development and use of ground water as resources. 

Due to pressure of human activity, urbanization and industrialization, the groundwater 

sources are degraded gradually; therefore pure, safe, healthy and odourless drinking water is 

a matter of deep concern. There are many pollutants in groundwater due to seepage viz. 

organic and inorganic pollutants, heavy metals, pesticides, fluorides [1] etc. In Rajasthan 

state, all 32 districts are affected with high fluoride concentration in groundwater and among 

these Jaipur ranks second. The application of different multivariate statistical techniques such 

as Cluster Analysis (CA) and Principal Component Analysis (PCA) helps in the interpretation 

of complex water quality data matrix [2]. These techniques have been applied by many 

researchers to characterize and evaluate groundwater and surface water quality. In this 

present study, water quality data matrix, obtained from 50 villages of Sanagner Tehsil, Jaipur 

District, Rajasthan [4] is attached with the main city of Jaipur. It lies between 26° 49‘ to 26° 

51‘ N latitude and 75° 46‘ to 75° 51‘ E longitude. It covers an area of 635.5 sq. km. All 32 

districts of Rajasthan are affected with high fluoride concentration in groundwater and among 

these Jaipur ranks second. 

 

2. Materials and Methods 

 

The drinking water samples were collected in clean polyethylene plastic containers from 

villages (Code No. 51-100) of Sanganer Tehsil of Jaipur District Samples of drinking water 

were collected in clean polyethylene bottles from different sources viz. Hand pumps, open 

wells, tube wells and PHED supply from villages of study area [3] Using Multivariate 

statistical technique we analyzed the data. Sanganer, the Tehsil of Jaipur District, such as pH, 



Fluoride (F-), Electrical Conductivity (EC), Total Dissolved Solid (TDS), Calcium (Ca), 

Magnesium (Mg), Total Hardness (TH), Chloride (Cl-), Carbonate (CO3-2), Bicarbonate 

(HCO3-), Alkalinity, Sodium (Na+), Potassium (K+) and Nitrate (NO3-using standard 

techniques in laboratory (APHA, 1985) Factor analysis and Principal Component Analysis 

(PCA). 

 

3. Results and Discussion 

 

The results revealed that most of the water samples were below or above permissible limit; 

according to the WHO standards (1996). The fluoride concentration ranged from 0.4 to 5.4 

ppm, where 42% samples showed fluoride less than permissible limit and 48% water samples 

were within optimum limit i.e. 1-1.5 ppm while 10% samples contained Fluoride higher than 

permissible limit. pH of all the samples were within limit (6 to 9.2), while EC of all the water 

samples were out of limit i.e. 300 μmhos/cm. The alkalinity was greater than permissible 

limit (200 mg/l) in 98% villages and only 2% villages had below than optimum limit. The 

NO3- concentration was less than permissible limit (45 mg/l) in 64% villages whereas 26% 

samples showed higher concentration of NO3-. However only 10% samples contain optimum 

level of nitrate. Moreover Na concentration was greater than permissible (50 to 60 mg/l) limit 

in 98% water samples whereas K+ concentration was below the optimum (20 mg/l) level in 

all the samples studied. 

 

4. Conclusions 

The data indicate that the groundwater of Sanganer Tehsil is highly deteriorated as it is 

polluted with high amount of fluoride, nitrate and alkalinity. Most of the water quality 

parameters are above the permissible limit. PCA of water quality data for Sanganer Tehsil 

shows that the main variation in water quality of the Sanganer Tehsil of Jaipur city is due to 

anthropogenic sources and organic sources. 
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Studies were performed for the treatment of pulp and paper mill wastewater using a unique 

sequential arrangement of anaerobic hybrid reactor and column type sequential batch reactor 

system. The anaerobic hybrid reactor consisted of a UASB at the bottom and an anaerobic 

filter on the upper side. The effluent form anaerobic hybrid reactor was passed through a 

column type sequencing batch reactor (SBR) operated in a continuously automatic mode 

under aerobic conditions using timers and solenoid valves. The anaerobic reactor was seeded 

with digestor sludge obtained from a sewage treatment plant while SBR was seeded with 

activated sludge. The influent from Naini Tissue Mill, Kashipur, India was fed to the 

anaerobic hybrid reactor. The anaerobic hybrid reactor was operated at HRT of 24 hours and 

SBR was operated with a 24 hour cycle which was reduced to 18 hours. The overall BOD and 

COD removal efficiency from the reactor systems was found to be 90% and 85% 

respectively. The overall AOX removal efficiency was found to be 80%. The study revealed 

that the reactor systems employed in the present investigation was found effective for 

removing AOX and organics from the pulp and paper Mill wastewater. 

 

Introduction 

The pulp and paper mill is a major industrial sector utilizing a huge amount of lignocellulosic 

materials and water during the manufacturing process, and releases chlorinated 

lignosulphonic acids, chlorinated resin acids, chlorinated phenols and chlorinated 

hydrocarbons in the effluent. About 500 different chlorinated organic compounds have been 

identified including chloroform, chlorate, resin acids, chlorinated hydrocarbons, phenols, 

catechols, guaiacols, furans, dioxins, syringols, vanillins, etc. These compounds are formed 

as a result of reaction between residual lignin from wood fibres and chlorine/chlorine 

compounds used for bleaching. Colored compounds and Adsorbable Organic Halogens 



(AOX) released from pulp and paper mills into the environment poses numerous problems 

Physical, chemical and biological treatments systems have been used in the past for the 

treatment of pulp and paper mill wastewater. Biological treatment is generally preferred 

owing to complete mineralization of organics. However, sometimes intermediate products of 

biological treatment are more toxic than the parent compounds and needs to be handled 

carefully. In order to treat the intermediate compounds sequential anaerobic aerobic treatment 

has been proposed in the present investigation. The products of anaerobic decomposition 

shall be degraded aerobically in a SBR which may result in complete mineralization of toxic 

compounds. Sequencing batch reactor (SBR) has gained importance over other reactors for 

the treatment of wastewaters. The SBR process is characterized by a series of five process 

phases. The five phases of a SBR system are the Fill, React, and Settle, Decant and Idle 

Phases.  

Sequential batch reactors have advantages of low operating costs, no sludge settler and 

recycling pumps requirement, good control over filamentous bulking, tolerance to shock 

loads and peak flow denitrification during anoxic fill and settle stage. 

Materials and Methods 

 The anaerobic hybrid reactor used in this study, was fabricated with Perspex material 

and has an internal diameter 0.05 m. the total height of the reactor was 1450mm and the filter 

media used was a cutting of PVC pipe in the reactor. The effective volume of the reactor is 

was 2.50 liters. 

 The anaerobic hybrid reactor consisted of a UASB at the bottom and an anaerobic 

filter at the top. Anaerobic filter provides effective gas liquid solid separation. The height of 

the UASB rector was 450mm and that of anaerobic filter was 780mm. This was due to 

maintained equal HRT in both the reactor. Freeboard of 220mm was also provided. The 

media used for anaerobic filter was PVC pipe of inner diameter 25mm which has been cut 

into pieces nearly of length 1 inch.  

 

The effluent of the anaerobic hybrid reactor was treated in a column type sequencing batch 

reactor (SBR). Laboratory scale Sequencing Batch Reactor System (SBR) was fabricated 

with Perspex material and had a total volume of 3.46-liter. The dimensions of the reactor 

were 7 cm in diameter and 90 cm in height. One air pump system, model EK- 8000, 6.0 W, 
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was used for supplying diffused air to the reactors. The entire experimental setup was 

automated with Solenoid valve, Gate valves followed by automatic on-off timers with 

different time-dependent cycles. A tank of 12 liter capacity was provided for the influent to 

the SBR  

Results and Conclusions 

The reactor system used for the study was found effective for the treatment of pulp and 

paper Mill wastewater especially for the removal of AOX from the effluent. It has been 

observed that the COD removal efficiency increased with time and attained a constant value 

Similar trend was seen for the removal of BOD and AOX. The experiments were stopped 

when the reactor system achieved steady state conditions. pH and alkalinity were also 

monitored and were within the permissible range. The build up of biomass in the reactors 

were also significant. The overall BOD and COD removal efficiency from the reactor 

systems was found to be 90% and 85% respectively. The overall AOX removal efficiency 

was found to be 80%. The effluents from anaerobic as well as aerobic reactors were analysed 

by GC MS for the presence of toxic intermediate products of biodegradation. It was observed 

that the effluent from anaerobic reactor showed the presence of certain toxic compounds. 

However, these compounds were removed in the aerobic SBR as its effluent showed the 

absence of toxic compounds through analysis by GC MS. It can be concluded form the 

present study that the sequential arrangement of anaerobic followed by aerobic reactor system 

resulted in complete mineralization of the pulp and paper mill wastewater and AOX 

compounds have been removed to a significant level. 
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Even today in rural India we see hundreds of community managed water initiatives from very 

small ponds and wells to small reservoirs active in increasing water availability, recharging 

groundwater, and boosting local efficiency as well as productivity. Tarun Bharat Sangh an 

NGO in Rajasthan has succeeded in building more than 5,000 water harvesting structures 

(johads) in 1,058 villages with the help of villagers of Alwar district. The initiative it is 

claimed has made a marked difference by transforming a dark zone region into white zone. 

The Indian constitution is among the few in the world that contains provision for 

environmental protection, being explicitly stated in the 76
th

 amendment stipulating the 

conservation, protection and improvement of the environment. Article 51 (a) (g) entitled 

fundamental duties – imposes responsibility on every citizen to protect and improve the 

natural environment including forests, rivers, lakes, tanks, wild life and to have compassion 

for living creatures. 

There is no resource more precious than water. As our water supply is put under greater and 

greater stress, the abuse of this precious resource and its holding environment is increasingly 

being realized. Availability of safe drinking water, healthy and intact natural ecosystems and 

humanity‘s ability to feed itself are at threat as demand for water outstrips availability. 

Conserving water is the new bullion. Investing efforts of this valuable resource will ensure 

our future security.  Referred to as ‗blue gold‘, the value of water is immense in all aspects of 

life – whether for household, industrial or agricultural need. It plays a critical role in the 

natural environment, in our economies, in production and in production and in politics. It 

even goes beyond national boundaries to create debate on its importance, scarcity as well as 

conservation. Water conservation is not new in South Asia. Rainwater harvesting structures 

are the oldest recorded hydrological activities used 8000 years ago in South Asia. India is 

known for its traditional rainwater harvesting structures - tanks and simple village ponds 

developed by Vijayangar Kings of South India in the 14
th

 century. Some of these continue to 

support local production and domestic activities till today. Water is a part of larger ecological 



system. Realizing the importance and scarcity attached to the fresh water, it has to be treated 

as an essential environment for sustaining all forms of life. 

 

With the onslaught of rapid and unchecked industrialization and urbanization this   

constitutional responsibility has long been breached. The exponential growth in water use and 

abuse, deforestation and change in land use patterns, has meant these water bodies are 

destroyed, affecting groundwater recharge and resulting in groundwater depletion and 

contamination. Historically, industries were extracting groundwater and using tankers to 

overcome the lack of water supply in cities. But now as groundwater slowly inches towards 

dangerous mark and industry demand continues to increase, effective and efficient use, 

management and governance of water is gaining greater and greater importance. Total 

groundwater use according to government estimation will be over 240 billion cubic meters 

(BCM) in 2012. The Central Ground Water Board (CGWB) has revealed that 30% of India is 

overusing groundwater resource. News of the groundwater table dropping from 30-40 feet 

just after independence is now even at 1,000ft (it is difficult to get water in some areas of 

Bangalore)  is worrying news. Daily news of farmer suicide is a sign of concern of 

inadequate water supply in India to meet even the basic need of its citizens. On the other hand 

government‘s promise of water supply for 24/7 to industries smacks in the face of our belief 

in justice. Report 2006 concluded that ―Scarcity of water at the heart of the global water crisis 

is rooted in power, poverty and inequality, not in physical availability‖. Also in accordance 

with the World Bank report in 2003 – This crisis is one of water governance, essentially 

caused by the ways in which we mismanage our water. Both reports articulate the need for an 

integrated management of water and its environment to ensure that there is more than enough 

water in the world for domestic, agriculture and industry needs.   

In this article we look at the wider meaning of water conservation and the importance of 

industry to conserve, protect and be prudent in its use. We will also point out to some 

examples of where and how it can be accomplished. Water conservation encompasses a range 

of actions by individuals, community as well as legal requirements. It includes harvesting 

rainwater in small tanks for domestic use, constructing small dams and reservoirs for 

agriculture and industry use, as well as helping to recharge groundwater. It now increasingly 

includes using lower quality water whenever possible in order to save fresh water, reducing 

the demand for water and stopping wasteful uses. There also technological advancements and 

improved management techniques available for use in industry, agriculture and in homes all 
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leading to efficient use of water, recycling and harvesting water. In short, water conservation 

means efficient water use through its protection, up keep, maintenance, management and 

preservation. 

 

Keywords: Groundwater; Hydrological system; Water audit; Pollution; RWH; RO; CEDI; 

Water governance; Water crisis 
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Ipomoea (Ipomoea carnea) is one the most widespread of the weeds in India, colonizing wast 

tracts of landmass, including wetlands. It is responsible for the eutrophication, 

ecodegradation, and even demise of innumerable water-bodies besides, also, causing 

enoromous harm to land environments.  

 

We have made attempts to find ways of gainfully utilizing ipomoea so that it can become 

profitable to mechanically remove it. Using the weed as a source of silver nanoparticles has 

been a part of these initiatives. This paper addresses our current work in this direction.  
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Nanoscale SiO2@Ag particles are increasingly attracting interest as efficient sorbents for 

removing heavy metal from waste water. In the present study, nanoparticles have been 

prepared by a sol-gel method and characterized by X-ray diffraction, transmission electron 

microscopy, Fourier transformation, IR spectroscopy, atomic absorption spectroscopy. The 

addition of SiO2@Ag NPs into the aqueous solution of Pb
2+

 had an effective removal. The 

core-shell nanoparticle exhibited high removal efficiency towards Pb
2+ 

(97 %). In this work, 

we provided an easy and efficient route to detect Pb
2+

 and simultaneously remove Pb
2+.
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The textile dyeing industry consumes large quantities of water and produces large volumes of 

wastewater from different steps in the dyeing and finishing processes. Wastewater from 

printing and dyeing units is often rich in color, containing residues of reactive dyes and 

chemicals, such as complex components, many aerosols, high chroma, high COD and BOD 

concentration as well as much more hard-degradation materials. The toxic effects of dyestuffs 

and other organic compounds, as well as acidic and alkaline contaminants, from industrial 

establishments on the general public are widely accepted. At present, the dyes are mainly 

aromatic and heterocyclic compounds, with color-display groups and polar groups. The 

structure is more complicated and stable, resulting in greater difficulty to degrade the printing 

and dyeing wastewater. Therefore, understanding and developing effective printing-dye 

industrial wastewater treatment technology is environmentally important.  

Keywords: dyeing industry, waste water, treatment methods, textile pollutants. 

 

1. Introduction - Textile is an important industry for Rajasthan, representing over 20 per 

cent of the investment made in the state. Sanganer is located about 15 km south of Jaipur, the 

state capital that has a population of more than two million people. The famous art of printing 

developed in Sanganer during the 18th century and attained its peak in the 19
th

 

century.Sanganer town  lies about 16 Km south of Jaipur city, the Rajasthan state capital in 

India that has a population of more than two million people. The total area of Sanganer is 

about 635.5 Sq. km out of which 12.9 Sq. km comprises the urban area. 

 

2. Textile dyeing wastewater treatment methods - The textile dyeing wastewater has a 

large amount of complex components with high concentrations of organic, high-color and 

changing greatly characteristics. Owing to their high BOD/COD, their coloration and their 

salt load, the wastewater resulting from dyeing cotton with reactive dyes are seriously 



polluted. As aquatic organisms need light in order to develop, any deficit in this respect 

caused by colored water leads to an imbalance of the ecosystem. Moreover, the water of 

rivers that are used for drinking water must not be colored, as otherwise the treatment costs 

will be increased. Obviously, when legal limits exist these should be taken as justification. 

Studies concerning the feasibility of treating dyeing wastewater are very important. In the 

past several decades, many techniques have been developed to find an economic and efficient 

way to treat the textile dyeing wastewater, including physicochemical, biochemical, 

combined treatment processes and other technologies. These technologies are usually highly 

efficient for the textile dyeing wastewater.  

 

2.1 Physicochemical wastewater treatment - Wastewater treatment is a mixture of unit 

processes, some physical, others chemical or biological in their action. A conventional 

treatment process is comprised of a series of individual unit processes, with the output (or 

effluent) of one process becoming the input (influent) of the next process. The first stage will 

usually be made up of physical processes. Physicochemical wastewater treatment has been 

widely used in the sewage treatment plant which has a high removal of chroma and 

suspended substances, while it has a low removal of COD. The common physicochemical 

methods are shown as followed.  

 

2.1.1 Membrane separation process - Membrane separation process is the method that uses 

the membrane‘s micro pores to filter and makes use of membrane‘s selective permeability to 

separate certain substances in wastewater. Currently, the membrane separation process is 

often used for treatment of dyeing wastewater mainly based on membrane pressure, such as 

reverse osmosis, ultra filtration, nanofiltration and microfiltration. Membrane separation 

process is a new separation technology, with high separation efficiency, low energy 

consumption, easy operation, no pollution and so on. However, this technology is still not 

large-scale promoted because it has the limitation of requiring special equipment, and having 

high investment and the membrane fouling and soon.  

 

2.1.2 Chemical oxidation - Chemical operations, as the name suggests, are those in which 

strictly chemical reactions occur, such as precipitation. Chemical treatment relies upon the 

chemical interactions of the contaminants we wish to remove from water, and the application 

of chemicals that either aid in the separation of contaminants from water, or assist in the 

destruction or neutralization of harmful effects associated with contaminants. Chemical 

treatment methods are applied both as stand-alone technologies and as an integral part of the 
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treatment process with physical methods .Chemical operations can oxidize the pigment in the 

printing and dyeing wastewater as well as bleaching the effluent. Currently, Fenton oxidation 

and ozone oxidation are often used in the wastewater treatment.  

 

2.2 Biological wastewater treatment method - The biological process removes dissolved 

matter in a way similar to the self depuration but in a further and more efficient way than 

clariflocculation. The removal efficiency depends upon the ratio between organic load and 

the bio mass present in the oxidation tank, its temperature, and oxygen concentration. The bio 

mass concentration can increase, by aeration the suspension effect but it is important not to 

reach a mixing energy that can destroy the flocks, because it can inhibit the following 

settling. Normally, the biomass concentration ranges between 2500-4500 mg/l, oxygen about 

2 mg/l. With aeration time till 24 hours the oxygen demand can be reduced till 99%. 

According to the different oxygen demand, biological treatment methods can be divided into 

aerobic and anaerobic treatment. Because of high efficiency and wide application of the 

Aerobic biological treatment, it naturally becomes the mainstream of biological treatment 

 

2.2.1 Aerobic biological treatment - According to the oxygen requirements of the different 

bacteria, the bacteria can be divided into aerobic bacteria, anaerobic bacteria and facultative 

bacteria. Aerobic biological treatment can purify the water with the help of aerobic bacteria 

and facultative bacteria in the aerobic environment. Aerobic biological treatment can be 

divided into two major categories: activated sludge process and biofilm process. 

 

2.2.2 Anaerobic biological treatment - Anaerobic biological treatment process is methods 

that make use of the anaerobic bacteria decompose organic matter in anaerobic conditions. 

This method was first used for sludge digestion. In recent years it was gradually used in high 

concentration and low concentration organic wastewater treatment. In textile industry, there 

are many types of high concentration organic wastewater, such as wool washing sewage, 

textile printing and dyeing wastewater etc., which the organic matter content of it is as high 

as 1000 mg/L or more, the anaerobic wastewater treatment process can achieve good results. 

The anaerobic aerobic treatment process is usually adopted in actual project that is using 

anaerobic treatment to treat high concentration wastewater, and using aerobic treatment to 

treat low concentration wastewater. Currently, the hydrolysis acidification process is the main 

anaerobic treatment process, which can increases the biodegradability of the sewage to 

facilitate the following biological treatment process. 



 

2.3 Biochemical and physicochemical combination processes - In recent years, as the 

application of new technologies in textile and dyeing industry, a large   number of difficult 

biodegradable organic matter such as PVA slurry, surface active agents  and new additives 

enter into the dyeing wastewater, which result in the high concentration of the organic matter, 

complex and changeable composition and the obvious reduction of the biodegradability. The 

COD removal rate of the simple aerobic activated sludge process which was used to treat the 

textile dyeing wastewater has decreased from 70% to 50%, and the effluent cannot meet the 

discharge standards. More seriously, quite a number of sewage treatment facilities can‘t 

normally operate even stop running. Therefore, the biochemical and physicochemical 

combination processes has been gradually developed. And its application is increasingly 

widespread. The types of the combination process are various, and the main adoptions 

currently are as following:  

 

2.3.1 Hydrolytic acidification-contact oxidation-air floatation process - This combination 

process is a typical treatment process of the textile dyeing wastewater, which is widely used. 

The wastewater firstly flows through the bar screen, in order to remove a part of the larger 

fibers and particles, and Then flows into the regulating tank. After well-distributed through a 

certain amount of time, the sewage flows into the hydrolysis acidification tank to carry out 

the anaerobic hydrolysis reaction. The reaction mechanism is making use of the anaerobic 

hydrolysis and acidification reaction of the anaerobic fermentation to degrade the insoluble 

organic matter into the soluble organic matter by controlling the hydraulic retention time. At 

the same time, through cooperating with the acid bacteria, the macromolecules and difficult 

biodegradable organic matter would be turned into biodegradable small molecules, which 

provide a good condition for the subsequent biological treatment 

 

Fig. 1. The process flow diagram 
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2.3.3 Coagulation-ABR-oxidation ditch process - The treatment has been adopted widely  

currently, such as a textile dyeing wastewater treatment plant. The characteristics of the 

textile dyeing plant 

 

Fig. 2. The process flow diagram 

 

effluent are the variation in water, the higher of the alkaline, color and organic matter 

concentration, and the difficulty of the degradation (BOD/COD value is about 0.25). The 

workshop wastewater enter into the regulating tank by pipe network to balance the quantity 

and quality, after wiping off the large debris by the bar screen before the regulating tank. The 

adjusted wastewater flow into the coagulation reaction tank, at the same time, the FeSO4 

solution was added into it to carry out chemical reaction. Finally, the effluent flows into the 

primary sedimentation tank for spate separation, meanwhile enhancing the BOD/COD ratio. 

 

4. Conclusion  

Textile companies are facing problems in some instances of crisis proportions, in dealing 

with the effluent that they generate. If being directly discharged without being treated, it will 

bring serious harm to the ecological environment. Because of the dangers of dyeing 

wastewater, many countries have enacted strict emissions standards, but there is no uniform 

standard currently. The solution to the problem will vary from company to company 

depending on many variables such as the volume and nature of the effluent, location, site 

geography and finance available. Unfortunately for some companies, the inevitable 

conclusion will be that there is no viable solution. There will be in-house debates but there 

should also be frank discussions with all those concerned and those who can help, 

particularly from water service companies, suppliers of plant and equipment for effluent 

treatment and also chemical suppliers. Traditional technologies to treat textile wastewater 

include various combinations of biological, Physical, and chemical methods, but these 



methods require high capital and operating costs. A combination methods appears that an 

ideal treatment process for satisfactory recycling and reuse of textile effluent. 
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Volatile fatty acids are the substrates which anaerobic bacteria readily utilize to generate 

flammable methane-carbon dioxide mixtures called ‗biogas‘. This manner of VFA utilization 

for generating relatively clean energy can be easily accomplished in conventional biogas 

plants as well as higher-rate anaerobic digesters. In this paper we present results of the studies 

which have aimed to generate VFAs from the pernicious weed ipomoea (Ipomoea carnea). 

Even though ipomoea, like any other phytomass, can be directly fermented to generate 

biogas, it is not possible to achieve sustainable or net energy positive system performance in 

ipomoea-fed reactors  due to the problems of reactor clogging and low energy density of the 

feed. But once VFAs are extracted in the form of aqueous solution they can be used as energy 

precursors in any and all forms of anaerobic digesters.  

 

In the present work VFA extraction was accomplished by a simple yet effective technology, 

appropriate for use even by laypersons.  For it acid-phase reactors were set, of 15 litre 

capacities each, to which measured quantities (1.5 Kg, dry wt basis) of ipomoea were charged 

along with 12 litre water inoculated with cowdung to the extent of 0.15%, 0.38%, or 0.75% 

(dry wt basis). The reactors were stirred intermittently and the VFA content of the reactor 

liquid was assessed daily. 

It was found that VFA production peaked by 10
th

 or 11
th

 day in all the reactors, giving a yield 

of the order of 112±12 g VFA/Kg ipomoea, representing a little above 10% conversion of the 

biomass into energy precursors. As close to 90% of peak extraction had occurred by the 5
th

 

day we explored another option for increasing reactor efficiency by draining off all the 

extract at the end of the 5
th

 day and introducing a fresh charge of cow-dung inoculated water. 



This enhanced the overall VFA extraction to 140±3 g VFA/Kg of ipomoea in 10 days. 

Running the reactor to another 5-day cycle took the VFA extraction to about 155 g/Kg of 

ipomoea. The simplicity, inexpensiveness, and frugality of this process holds promise for 

large-scale utilization of ipomoea.  
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The ground water quality of Tonk District, Rajasthan was analyzed using hydro-chemical 

data samples collected from 26 dug wells. These samples were analyzed for various 

parameters i.e., Electrical Conductivity (EC), Total Hardness (TH), Total Dissolved Solids 

(TDS), Calcium (Ca
2+

), Magnesium (Mg
2+

), Sodium (Na
+
), Potassium (K

+
), Chloride(Cl

-
), 

Nitrate (NO3
-
), Fluoride (F

-
). Pearson‘s correlation coefficients were determined for these 

parameters and found a strong positive correlation between various parameters. Regression 

equations were also formulated for those parameters which has strong correlations. 

Comparing observed and predicted values of various parameters reveals that these equations 

can be used for making water quality monitoring by observing only few parameters alone. 

The study results were compared with standards of BIS and WHO respectively. 

Results: 

Sr. 

No. 

Parameter

s Min Max Range Mean 

Standard 

Deviatio

n 

Standard 

Error 

Coefficien

t of 

Variance 

1 EC 390 4650 4260 

1771.3

5 1195.52 234.46 67.49 

2 TH 100 1160 1060 299.92 214.19 42.01 71.42 

3 TDS 253.5 

3022.

5 2769 

1151.3

8 777.09 152.40 67.49 

4 CA 15 112 97 44.92 27.10 5.31 60.32 

5 MG 12 220 208 46.85 41.99 8.24 89.64 

6 NA 33 840 807 331.62 264.75 51.92 79.84 

7 K 0 102 102 15.05 27.29 5.35 181.34 



          

Table 1: Statistical Analysis of Groundwater Samples 

Table 2: Comparison of the results of the study with the Drinking Water Standards 

Parameters EC TH TDS Ca Mg Na K Cl NO3 F 

EC 1                   

TH 0.605 1                 

TDS 1 0.605 1               

Ca 0.297 0.739 0.297 1             

Mg 0.635 0.944 0.635 0.519 1           

Na 0.952 0.355 0.952 0.035 0.428 1         

K 0.433 0.546 0.433 0.361 0.523 0.288 1       

Cl 0.949 0.741 0.949 0.483 0.721 0.845 0.466 1     

NO3 0.194 0.624 0.194 0.551 0.528 0.017 0.33 0.313 1   

F 0.309 

-

0.221 0.309 -0.383 

-

0.151 0.471 0.16 0.119 

-

0.223 1 

 

8 Cl 14 1186 1172 306.35 320.39 62.83 104.59 

9 NO3 2 114 112 38.65 33.63 6.59 87.01 

10 F 0.38 9.16 8.78 2.46 2.30 0.45 93.28 

Sr. 

No. Parameters 

Standards 

Present Study 

Report 

% of Samples 

Exceeding 

Desirable Limits 

of Standards 
BIS WHO 

1 EC 1500-3000 - 390 - 4650 50 

2 TH 300 - 600 500 100 - 1160 30.77 

3 TDS 500 - 2000 500 253.5 - 3022.5 84.62 

4 CA 75 - 200 75 15 - 112 15.38 

5 MG 30 - 75 30 - 75 12 - 220 50 

6 NA 100 100 33 - 840 69 

7 K 10 10 0 - 102 26.92 

8 Cl 250 - 1000 250 14 - 1186 30.77 

9 NO3 45 - 100 45 2 - 114 26.92 

10 F 1 - 1.5 1 - 1.5 0.38 - 9.16 69.23 
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Table 3: Correlation coefficients between various water quality parameters 

 

 

                          Table 4: Regression equations of various water quality parameters 

 

Conclusion - We found that ground water quality of the study area is not suitable for 

drinking and agriculture purpose since most samples of TDS, Mg, Na, and Fluoride show 

higher concentration in the ground water. The major problem with the ground water is that 

once contaminated, it is difficult to purify it in the aquifer itself. Hence, there is a need for 

protection and proper management of ground water quality. This study brings awareness 

among the people of the study area about the quality of ground water, so that they can take 

some preventive measures.  
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One of the versions of a novel, low cost and clean/green SHEFROL
®

 (SHEet Flow ROot 

Level) bioreactor developed and patented earlier at Centre for Pollution Control and 

Environmental Engineering by Prof. S. A. Abbasi and coworkers (Official Journal of the 

Patent Office 20 7611 2012) has been explored for wastewater treatment at a pilot scale.  

 

The embodiment contains seven trenches set in series of which first six have dimensions of 

15m (length) × 0.5m (width) × 0.1m (depth) and the seventh is 1m wide but of same length 

and depth as other six trenches. The reactor treats 150 m
3
/day of wastewater originating from 

two canteens of Pondicherry University. In the present study the performance of the reactor is 

assessed when the aquatic macrophyte water hyacinth (Eichhornia crassipes) is used as the 

bioagent. 

 

It is seen that at an HRT of 2.4 hrs, the reactor is capable of treating the influent COD, BOD5, 

TS, TSS, TDS, TKN and P to an extent that is adequate to meet the standards for discharge 

on land set by Central Pollution Control Board.  
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Introduction  

Water is an essential component of life. Any change in its composition leads to water 

pollution. So the quality of water should be checked periodically. Jodhpur, the Sun city is, 

situated in western part of Rajasthan on the geographical coordinates of 26.2800° N, 

73.0200° E. Main water resources of Jodhpur for drinking water are some reservoirs viz. 

Kaylana lake, Takhat sagar and Umead Sagar etc. All these reservoirs receive water through 

Rajiv Gandhi Lift Canal, which is originated from Indira Gandhi Canal. Due to expansion of 

urban areas and industrialization the water is getting polluted day by day. The wide range of 

contamination sources is one of the main factors contributing to the need of water quality 

assessment. Therefore, the physico-chemical analysis of some of the main water resources of 

the Jodhpur city was carried out to assess the water quality and for the identification of 

impurities. 

Materials And Methods  

The sampling points were selected on the basis of their importance. The analysis was carried 

out for the 12 parameters namely temperature, pH, conductivity, total solids, total dissolved 

solids, dissolved oxygen (DO), turbidity, chloride, residual chlorine, temporary hardness, 

permanent hardness and total hardness. In total six water samples from six different sites 

were collected from different areas of Jodhpur region. These water sources are extensively 

used for drinking and other domestic purpose. The samples were collected in BOD bottles 

and plastic canes. All samples were labeled properly and measured by standard methods [1] 

like wrinkler`s method (DO), EDTA method (hardness),Titrations for other aspects. The 



results were compared with BIS standards [2] and evaluated for drinking and other domestic 

purposes. 

Results and Discussion  

The results were examined from different sampling locations of Jodhpur city viz. Kaylana 

lake, Takhat Sagar, Umead Sagar, Chopasani Fiter House and Chopasani Housing Board 

(Table 1). These results indicate that DO very less at Chopasani Fiter House in comparison to 

other sites while conductivity is higher at Takhat Sagar. Total solids, total dissolved solids, 

turbidity and hardness also indicating wide variations in different sampling sites. 

Table 1: Physico-Chemical Characteristics of Different Water Sources at Jodhpur in 

Year 2013 

LOCATION 

Temp 

(oC) DO pH 

COND 

(µs/cm) TS TDS 

TURBIDITY 

(NTU) 

TOTAL 

HARDNESS 

PERM. 

HARDNESS 

TEMP. 

HARDNESS Cl- 

RES. 

Cl 

KAYLANA LAKE  30 4.5 7.0 457.8 350 220 3 390.62 156.25 234.37 124.96 0.3 

KAYLANA LAKE 28 4 7.5 490 310 220 1.5 286.45 104.16 182.29 112.46 0.2 

TAKHAT SAGAR 30 5 7.3 2190.9 500 300 2.5 338.54 208.3 130.24 137.45 0.4 

CHOPASNI 

FILTER HOUSE 25 1.2 6.8 43.9 150 120 0.5 156.25 88.47 67.79 49.98 0.1 

UMEAD SAGAR 30 6 7.6 512.3 730 380 11 364.58 241.15 123.43 129.95 0.3 

CHOPASNI 

HOUSING 

BOARD 28 5 7.2 163.5 210 170 0.8 120.79 52.08 67.99 68.48 0.2 

Values of all parameters are in mg/L. 

Conclusion 

The water quality assessment of jodhpur city shows that in most of the cases the parameters 

are outside the Indian standards of drinking water. Electrical conductivity, turbidity & total 

solids parameters of Takhat sagar and Umead sagar are far above the permissible limits. DO, 

Hardness & Residual Chlorine parameters of Kaylana, Takhat sagar, Umead sagar & 

Chopasani Housing Board (except hardness) are above the permissible limits. This can pose 

serious threat to the human life. Therefore proper treatment of water should be done to 

prevent the various diseases. 
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Wastewaters from different industries are generated with significant amount of auxiliary 

compound. The discharge of these wastewaters introduces intensive colour and toxicity to 

aquatic environment causing serious environmental problems. These compounds are widely 

used in the pulp & paper, distillery, petroleum, textile industries and consistof high intensity 

color and harmful chemicals in water which is one of the most important sources of 

environmental pollution. Because of their visibility and bearing toxic chemicals, it is very 

important that these are treated before being released into the environment. Due to the 

complex aromatic structure and stability of these types of compounds, conventional 

biological treatment methods are ineffective for degradation. Hence, the concentration 

remains constant in the environmentor these techniques transfer the toxic chemicals from one 

medium to the other without converting them to harmless non-toxic substances. A number of 

physical and chemical techniques have been reported for the treatment of industrial effluents. 

Inthis direction, Advanced Oxidation Processes (AOPs), basedon the generation of highly 

reactive hydroxyl radicals(HO*) as primaryoxidant, appear as the emerging alternatives for 

the organicpollutants abatement. These, the advanced oxidation processes are more efficient 

as they are capable of mineralizing a wide range of organic pollutants ranging from 

aromatics, pesticides, petroleum constituents and volatile organic compounds. 

Among various AOP‘s, fenton‘s reactions, reactions in the presence of titanium oxide as 

catalyst, ozone type reaction in the presence of ultra-violet light or ultrasonicationare very 

promising since they achievehigh reaction yields with a low treatment cost. These AOPshave 

been successfully applied to treat different chemicals from various industries. 



It is evaluated that AOP‘s is particularly useful for oxidative degradation and 

decolourizationof many compounds which cannot be degraded by biological treatment and in 

many cases AOP‘s may be applied as tertiary treatment for the treatment of waste water. 

As a part of experimental investigation, batch runs were carried out to investigate the 

process‘s optimal operational conditions: to obtain the best results at low cost. AOP‘sare 

competitive with other processes and ensure the rapid and complete transformation of the 

toxic organic compounds to benign chemicals.  

Key words:  Industrial effluent, Fenton, Ozone, Titanium oxide, Advanced oxidation 

processes. 
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Introduction  

In present scenario the availability of natural ground water is low in poor rain fall area in 

India. Population growth, especially in the developing countries, has increased the demand 

for a huge quantity of water for domestic, municipal, and industrial sectors. With the 

increasing scarcity of freshwater resources that are available to agriculture, the use of urban 

waste water for irrigation is increasing, especially in the arid and semi-arid regions of the 

world. The use of untreated waste water is particularly intense in areas where there is poor 

access to other sources of irrigation water. The use of waste water for irrigating agricultural 

soil has been shown to be associated with a number of potential beneficial changes such as an 

increase in organic carbon, available nitrogen, phosphorus, potassium, and magnesium 

contents in soil as compared to the clean ground water-irrigated soil. Waste water is a 

valuable source of plant nutrients and organic matter needed for maintaining fertility and 

productivity levels of the soil. Irrigation with waste water has been shown to result in 

increase in growth, yield, and plant constituents [1]. 

In the present scenario waste water is containing heavy & very toxic material. This can 

contaminate and pollute ground water. In many areas farmers use this water for irrigation 

purpose that‘s effects the human health. [2]This waste water contains solids in a very high 

amount that‘s not good for irrigation and ground water table. Therefore it is necessary to 

remove the toxic & solid materials from waste water before use for irrigation. The water 

quality used for irrigation is affect the yield and quantity of crops, soil productivity, and 

protection of the environment. For example, the physical and mechanical properties of the 

soil, ex. soil structure (stability of aggregates) and permeability are very sensitive to the type 



of exchangeable ions present in irrigation waters. Aim of the research is to remove bacteria 

and organic impurities of waste water for re-use for the irrigation. 

Method 

In this method at first pipe sand filter was prepared by filling a plastic pipe of size 2.5 feet in 

length and 2 inch in diameter with clay. Pipe filter was closed by providing the filter paper at 

the both ends of pipe. Before passing the waste water from this filter test were performed 

such as Total Solid (TS), Biochemical Oxygen Demand (BOD), Chemical Oxygen Demand 

(COD), Turbidity, Chlorine Residual, pH and Dissolved Oxygen (DO). 

After passing the water from the pipe sand filter same tests were performed. These tests were 

also performed on the water samples which was treated by the treatment plant located at the 

Jawahar circle jaipur.  

Result and Discussion 

Significance of all tests performed on waste water to recycle water for irrigation purpose is 

mentioned in Table 1. Total suspended solids 70 mg/l of waste water and 39.8mg/l of waste 

water treated with sand pipe filter where as water sample from treated plant have 37.5mg/l. 

Turbidity of the waste water 75NTU and after treated by sand pipe filter is 40NTU but 

27NTU for treated plant water. pH of water sample before filtering was 9.28 whereas after 

passing through the sand filter was 8.92 and pH of treated water plant is 6.92. BOD of waste 

water sample is 130mg/l and after passing through sand pipe filter it is 90mg/l whereas 

75mg/l of treated plant water. COD of waste water sample is 250mg/l and after passing sand 

pipe filter 200mg/l but 180mg/l for treated plant water.  

Table1. Parameters of reuse of waste water with agronomic significance 

Parameter Significance for irrigation 

with recycled water 

Water 

quality 

parameter 

for 

irrigation 

Water 

parameter 

before 

filtering  

Water 

parameter 

after 

filtering  

 

Water 

parameter 

for treated 

plant 

water  

Total 

Suspended 

Measures of particles can be 

related to microbial 

5-50 mg/L 70mg/L 39.8 mg/L 37.5mg/l 

1-30 NTU 75NTU 40 NTU 27NTU 
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Solids 

 

pollution; it can interfere 

with disinfection; clogging 

of irrigation systems; 

deposition 

Turbidity 

BOD 

 

Organic substrate for 

microbial growth; can bring 

bacterial re-growth in 

distribution systems. 

10-30mg/L 130mg/L 90mg/L 75mg/l 

 

COD 

50-200mg/L 250mg/l 200mg/L 180mg/l 

PH   9.28 8.92 6.93 
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This paper recapitulates the new bioreactor named SHEFROL
®
 developed by Prof S. A. 

Abbasi and coworkers at Centre for Pollution Control and Environmental Engineering, 

Pondicherry University. 

 

SHEFROL stands for ‗SHEet Flow-ROot-Level‘ pattern of wastewater movement in the 

bioreactor that has been designed to maximize contact between wastewater and several 

densely packed plants (botanical species) derived from terrestrial, aquatic, or transitional 

habitats. The distinguishing features of SHEFROL
®

 which have become the basis of the 

patent claim are: 

 

1) SHEFROL
®

 is several times faster than the other plant-based systems employed thus 

far, and is comparable to; in some instances even quicker than, other processes used for 

sewage treatment (eg activated sludge process/fluidized bed reactor systems). 

SHEFROL
®
 also requires only a fraction of the construction and operating costs needed 

by other processes, and has none of their other disadvantages such as excusive sludge 

generation, process sensitivity etc. 

2) The unique configuration of the reactor and its components ensure optimal space 

utilization and ease of expansion. The total space requirement for the entire system is 

lesser than that of a conventional treatment plant of the same capacity. 

3) The components needed to build this system entail very low cost, and low maintenance.  

In rural situations, or in the course of camps, the trenches employed for the treatment 

can be made simply by digging channels in the ground and covering with a plastic 

impermeable sheet. All the various embodiments of the SHEFROL
®

 system are simple 

to construct and operate with, too. 



4) The heart of the wastewater treatment system SHEFROL
®
 employs common plants 

(botanical species) which are easy to culture and many of which have not been used so 

far for wastewater treatment.  These include terrestrial, amphibious, as well as aquatic 

species. 

5) No support system of any kind, no gravel/sand/stone layer, is used to support the plants 

as it is in other (reported) hydroponic/thin film wastewater treatment systems. This 

does away with the need to invest in such support media, reduces carbon footprints, 

makes the system more easy and quicker to set up and operate, and ensures that the 

available area is put to maximum use. 

6) Unlike other plant-based systems reported so far, the SHEFROL
®
 unit requires no 

auxiliary aeration device. Nor is external mixing/agitation etc needed as in the other 

plant-based systems. 

7) The depth of water maintained in the SHEFROL
®
 units, and the velocity of the water 

ensures that the DO levels are maximized and are near constant throughout the depth of 

the unit; thus ensuring uniform and fast treatment. 

8) The system is a zero waste generating one; in addition, useful byproducts such as 

vermicast for use as fertilizer and methane for energy generation are obtained.  

Pilot plants based on the SHEFROL
®

 technology have been set up which have been 

successfully treating sewage generated from different clusters of buildings in Pondicherry 

University since several years. The systems have proved exceedingly inexpensive and 

efficient. After the recently completed registration claim (Abbasi et al., 2012) we wish to 

extend the technology to industrial wastewaters, especially high-volume-low-strength 

effluents such as those generated by dairy industries and some of the waste-streams 

(especially wash-waters) of distillery, food processing, and other industries. Such waste-

streams are highly problematic because, on one hand, they are too lean in organic carbon or 

nutrients to make resource recovery feasible; on the other hand they are ‗thick‘ enough and 

voluminous enough to seriously pollute receiving land or water. 

 .  
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No one can think of survival of flora and fauna as well as human race without water. In 

recent years, water resource shortage and pollution has seriously threatened their existence. 

The progress of developing countries is being hampered due to lack of adequate 

infrastructure and mismanagement of collected waste, its proper treatment and disposal, 

thereby leading to accumulation and infiltration causing groundwater contamination in 

alarming proportions. It is a worldwide phenomenon and area of concern. The scenario in 

India is quite devastating. India needs to develop strategies and technologies for controlling 

pollution as well as to ensure environmental remediation of industrial and municipal wastes 

in the sources of water, and. It appears to be specific need to battle the water resource menace 

of the country. Literature survey of ground water for general physico-chemical, microbial and 

heavy metals analysis reveals that no systematic study has been carried out. In fact, many 

gaps are there in existing approaches and technologies for problem areas in studying 

groundwater quality status. In context of Rajasthan, all 32 districts are affected with high 

fluoride concentration in groundwater and among these Jaipur ranks second. The review 

reveals that the quality of drinking water of Sanganer is very poor, which can be used only 

after prior treatment for drinking and cooking purposes. Considering never ending demand on 

this scarce natural resource, the proposed work highlights the judicious use of groundwater 

and explores various remedial measures.  

 

Key words: Water pollution, ground water, physico-chemical parameters, heavy metals, 

pollutants, prior treatment. 
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In recent years, the development of optical probes to analytetrace Cd
2+

 has attracted great 

attention becausecadmium ions may cause potential health hazards. Silver nanoparticles 

capped with citrate ion,which act as both reducing and stabilizing agentwere prepared 

byTurkevich method in aqueous solution for monitoring a range of heavy metal ions. The 

mode of transduction is optical, based on the change in aggregation of the nanoparticles in 

solution, because of the different ionic interactions between the modified nanoparticles. In the 

present work,nanoparticle sensors used to detect Cd
2+.

The Cd
2+

 induced aggregation in Ag 

NP solution is monitored by both colorimetricresponse and UV-Vis spectroscopy.The method 

was applied,with satisfying results, to the sensing of Cd
2+

 in waste water. Citrate capped 

silver nanoparticles show an efficient sensing at ppm level. 
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River Yamuna, one of the most important and sacred rivers of the northern plains of 

India is now considered as one of the most polluted rivers in India. River Yamuna, a major 

tributary of River Ganga, originates from Yamunotri Glacier near Banderpunch peaks and 

confluences with holy river Ganga River at Allahabad after traversing a distance of 1376 km. 

At estimated 57 million people are dependent on the waters of the river Yamuna. It is the 

main source of drinking water for the most of the town along its course. During its journey it 

receives heavy load of pollutants, especially in Delhi and its downstream stretch. Rapid 

urbanization and industrialization in the cities located by the side of the river Yamuna have 

increased the load on the stream flow in terms withdrawal of fresh water (for domestic, 

industrial and commercial uses) and disposal of wastewater as a result of which the pollution 

level of the river had gone up significantly. The quality of river water has deteriorated due to 

the continuous discharge of municipal and industrial effluents from various drains in 

Yamuna.  

 

About 1,800 million liters per day (mld) of untreated sewage finds its way through 19 

notorious drains into the river Yamuna at various points along its 22 km stretch in Delhi. 

Dissolved Oxygen drops to alarming levels at middle and downstream of the river Yamuna. 

Very low DO may results in anaerobic conditions that cause bad odors. Out of the 25 km 

selected stretch of the Yamuna nearly 15 km of the river was found to be septic (DO = 0 

mg/l). Enormous organic loads in river water are unsuitable for any use to humans, animals, 

industries, etc. Bacteriological analysis clearly indicates the microbial contamination of the 

river. According to Central Pollution Control Board (CPCB) classification the river falls 

under Class E, suggesting that its water cannot be used for drinking, fisheries, bathing and 

swimming. In river Yamuna different metal ions show different trends depending upon the 



discharge of different drains. The contents of metals ions were higher during post-monsoon 

season. This may be due to flushing out the effluent discharge from various industrial units 

through surface runoff. The concentration of metals ions in Yamuna river water was found 

much higher than the permissible limit except for copper and zinc. Therefore, the use of the 

Yamuna water for domestic supply is not safe without the proper treatment of water. This 

study shows that there is a dire need to allocate highest treatment efficiency for some major 

drains to remove Biochemical Oxygen demand of wastewater before its disposal into the 

river. Action is immediately required to trap the drain through a trunk sewer line near its 

outfall and convey the wastewater to suitable wastewater treatment facilities, which would 

produce effluent conforming to an acceptable quality for discharge into the river Yamuna 

without causing under deterioration. 

 

Key Words: Yamuna River, Water quality, DO, BOD, Trace metals 
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India is among 23 nations wherein a large population suffers from dental and skeletal 

fluorosis due to high fluoride concentration in ground water. Fluoride beyond desirable 

amount (0.6 to 1.5 mg/L) in ground water is a major problem in many part of world. The 

present day study include role of Fe-Al-Mg hydroxide adsorbent in fluoride removal. Batch 

adsorption study is carried out. Batch adsorption studies demonstrate that the adsorbent has 

significant capacity to adsorb the fluoride from water. Fluoride ions were transferred to the 

adsorbent surface by columbic attraction and/or thermal motion, forming a temporary 

adsorption. The enriched fluoride reacted with the hydroxyl groups on the adsorbent surface 

forming stable adsorption. This ion exchange results in a stable and specific adsorption, 

which corresponds to the inner–sphere adsorption.  0.1 g/100 mL adsorbent dose was added 

to the 0.001M sodium fluoride solution. The fluoride ion concentration of the solution was 

measured by fluoride selective electrode connected to an ion meter. The fluoride ion 

concentration decreased from 25 mg/L to 10 mg/L and 10 mg/L to 0.8 mg/L. FTIR analysis 

also supports fluoride adsorption by Fe-Al-Mg hydroxide adsorbent. 
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Salvinia (Salvinia molesta Mitchell) is a free-floating perennial aquatic fern. It is considered 

to be one of the world‘s worst weeds. It tends to cover water surfaces from end to end, 

preventing most of sunlight from reaching the underlying water. This seriously hampers the 

growth of other plants and adversely effects water quality. The habitat rapidly looses 

biodiversity, becomes eutrophic, and putrid.  Dense mats of salvinia impede water-based 

transport, deface spots of scenic value, clog irrigation canals, and choke water intakes pipes. 

The weed mats harbor mosquitoes, snails, and other disease vectors.  

 

At Centre for Pollution Control we have used the concept of high-rate vermicomposting 

developed earlier by this paper‘s senior author to successfully vermicompost salvinia without 

the need of cowdung supplementation. The resulting vermicompost has good fertilizer value. 

 

In the present work, which is an extention of studies completed earlier at this centre with four 

earthworm species, we have explored the feasibility of using four new species Lumbricus 

rubillus, Eisenia andrei, Drawida willsi and Perionyx sansibaricus for vermicomposting 

Salvinia.  The results have been encouraging, as detailed in this paper and substantially 

enhance the reach of the high-rate vermicomposting process developed earlier at this centre 

as an environment-friendly means of controlling salvinia.  
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The management of waste water had become a major environmental issue now a day.  Waste 

Water Management means: Efficient management, cheap building and operating, new 

methods for repairing and replacement of Sewage pipes, Sewage pipes cleaning by controlled 

floods, recovering the heat from the waste water sewage. This paper gives an idea about 

following modern technologies for water and wastewater Treatment: 

 Filtration System: Filtration systems can be divided into several categories depending on 

the type of the media used for Filtration Media, Filtration Membrane, Filtration Cartridges, 

Hybrid Filtration System 

 Disinfection Systems: Combined Filtration and Disinfection Systems, Disinfection Systems, 

Dechlorination System  

Nanotechnology: Nanotechnology concepts are being investigated for higher performing 

membranes with fewer fouling characteristics, improved hydraulic conductivity, and more 

selective rejection/transport characteristics 

Microbial Fuel Cells: With microbial fuel cells, a potential breakthrough technology, 

electrical energy could be extracted directly from organic matter present in the waste stream 

by using electron transfer to capture the energy produced by microorganisms for metabolic 

processes.        

 Electrochemical techniques: Applications of electrochemical technologies in water and 

wastewater treatment, particular focus to electrode position, electro coagulation (EC), electro 

flotation (EF) and electro oxidation. Electrode position is effective in recovering heavy 

metals from wastewater streams. 
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In pursuit of a system which can be a promising greener and cheaper alternative to 

conventional treatment systems treating the domestic wastewater, the SHEFROL
® 

(SHEet 

Flow ROot level) bioreactor was developed by Abbasi and co-workers (Official Journal of 

the Patent Office, 20 7611, 2012) at the Center for Pollution Control and Environmental 

Engineering. The distinguishing attributes of this system are its low installation, operation 

and maintenance costs, high efficiency, and negligible ecological footprint. SHEFROL
® 

is 

capable of using a wide variety of vascular plants – terrestrial, amphibious, and aquatic – 

depending on the type of wastewater to be treated.  

 

The performance of salvinia (Salvinia molesta, Mitchell) has been assessed as a bioagent in a 

pilot-scale SHEFROL
® 

bioreactor plant, treating real-life inflows of wastewater ranging from 

30,000 to 60,000 liters of domestic effluents per day, at an HRT (hydraulic retention time) of 

9 hrs.   

 

The system was found to reduce the concentration of the pollutants to the acceptable limits 

prescribed by India‘s central pollution control board for discharge on land for irrigation. With 

this embodiment of SHEFROL
®
 system the COD was reduced to 80%; BOD5was reduced to 

45%; TKN and TP were reduced to 30% and TS was removed to 85%.  

 

Key words: SHEFROL
®

, Salvinia molesta, domestic effluents 
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This particular abstract on water quality and management highlights the basic factors on 

which we should focus while determining the standards for the quality of domestic water 

usage in various localities of a particular city or town. 

 

By examining the various parameters in distinct water samples, we shall be able to comment 

upon as to what type of standard we should set for our water usage and also we will be able to 

tell which elements pose a negative impact on the quality of water which we have. 

In this report the environmental factors are also considered which effects the quality of water 

and its portability. The quality of water sample will also rely on the environmental agents 

such as industries, human impact, pollution etc. 

 

 A brief report on analysis of water samples of various Localities of Jaipur City is:- 

 

Locality pH* TDS(Total dissolved 

solids)# 

Flouride (mg/L)^ 

1. Jawahar Nagar 7.2 902 1.4 

2. Malviya Nagar 6.9 850 1.7 

3. Pratap Nagar 8.0 1400 2.2 

4. Sitapura Industrial 8.4 1980 3.6 

* If the reading is less than 7, it is acidic. 

If the reading is more than 7, it is alkaline 

# If the reading is between 700 and 1000, it is absolutely potable. A reading up to 2000 is 

permissible to be considered as potable. 

Any reading more than 2000 is non portable 

 

 



^ If the colour stays yellow, the sample is non-potable and the Fluoride level is around 3.5 

mg/litre. 

If the colour changes to light pink, then the sample is potable and the Fluoride level is around 

1.5mg/litre. 

 

This is what the brief report says and we will work upon the various criterions which we have 

found out and also manipulate the measurements which will help us improve the quality of 

water. 
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In this paper, we have synthesized different nanoparticles by using chemical synthesis 

method for the detection of E. coli in water sample. The reactions have been completed using 

aqueous metal salt solution and tri-sodium capping agents. Silver and gold nanoparticles 

exhibited a strong surface plasmon resonance peak at 433 nm and 529 nm respectively. A 

very small amount of E.coli adds in the nanoparticles solution results in to marked shift in 

surface plasmon resonance. The sizes and shapes were tuned by selecting the reducing and 

capping agents. The nanoparticles were characterized by UV-Vis spectroscopy and 

Transmission electron microscopy. For morphological details transmission electron 

microscopy was carried out. The effects of these nanoparticles against microorganisms were 

characterized by TEM and UV-Vis spectroscopy. Remarkable shift can be noticed in surface 

plasma resonance peaks for small amount of E. coli added in the solution.  

 

Keywords: E. coli bacteria, Metal Nanoparticles, Silver and Gold nanoparticles, Surface 

Plasmon Resonance. 
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Water has always been the most essential and precious of all natural resources, but the 

importance of water is now being felt more than ever before as water demand is increasingly 

outpacing water supply in most parts of the world. Of particular concern is the fact that the 

quality of whatever water that is available is becoming increasingly bad. This has now made 

it necessary for even a layperson to have an idea of the quality of water he or she is using. 

Whereas water quantity can be determined by a single parameter―the water mass―water 

quality is an aggregate of very many physical, chemical, and biological parameters. This 

makes it hard to compute water quality and still harder to communicate it. Water quality 

indices (WQIs) aim at giving a single value to the water quality of a source on the basis of 

one or the other system which translates the list of constituents and their concentrations 

present in a sample into a single value. One can then compare different samples for quality on 

the basis of the index value of each sample. 

A great deal of subjectivity and uncertainty is involved in the development of water quality 

indices based on the conventional statistical methods. Applying Fuzzy logic to index 

development may help reduce these infirmities. Accordingly, a fuzzy logic based WQI has 

been developed for assessing the quality of water in the town of Pondicherry. This town-city 

lies along the coast of the Indian Ocean and has been witnessing a runaway growth. 

Urbanization and Industrialization in addition to saline water intrusion is threatening to 

drastically pollute the water resources of Pondicherry. Hence, regular assessment of the city‘s 

water quality, and development of a means by which information about it can be 

communicated and comprehended easily―as one comprehends the status of the entire Indian 

share market on the basis of the value of the Sensex―has become crucial.  



The fuzzy logic based WQI for Pondicherry has been developed using membership functions 

for key water quality variables. The general IF-THEN rules have been framed using the fuzzy 

sets associated with each variable and the water-quality standards of the World Health 

Organization (WHO) and Indian Council of Medical Research (ICMR). These rules were 

then incorporated in the final index development process. Details are presented. 

 

Keywords: Water quality index, Fuzzy logic, Water quality assessment  
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Water resources storage and pollution has seriously threatened the survival and development 

of developing countries. Because  of India‘s  specific economical  and  social  circumstance  , 

complete  adoption of  developed  countries  experience  is  unrealistic  . At present , India 

needs to develop  strategies   and  technologies in  source  water pollution control  and 

industrial  and  municipal  environment  remediation that  embrace  the  country ‗s  specific  

need  to  battle  the water  resource  problem . Ground   water   is  an   important  resource  

for  mankind‘s  existence  and  economic  development  . Due to less availablity and non-

acceptance   of   surface water in Rajasthan.  People have to depend upon ground water 

resources   to a large extent.  In  many  areas  of  state , ground water  is the  only accepted  

sources  for  drinking  water  . The depth of water   varies widely throughout the state. This 

paper  reviewed  physicochemical and microbial analysis  particular  reference  to parameters 

like p
H
, TDS, alkanity, nitrate ,fluorides, heavy metals & some microbes  endangered   by   

mixed  effluents  of  domestic  as well as  industries . The results of study conclude that most 

of the parameters of ground water of Rajasthan are above permissible limit. The values of 

parameters such as p
H
, EC, alkanity (R. K. Tatawat et al, 2008), sulphate, chloride, Phosphate 

(Bharat Singh Meena et al, 2012), TDS (Ranjana Agrawal, 2012-13) are higher than the 

standard. Especially nitrate (Ruchi Mathur et al, 2012) & fluoride (Ranjana Agrawal, 2012-

13) are those parameters which are highest in most of the region of Rajasthan which are 

reviewed in this report. 

Key words:-water pollution, ground water, physicochemical analysis. 
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Since the end of the 19th century wastewater has been a known risk for public health due to 

presence of pathogens. During the 20th century it became clear that wastewater also 

constituted a threat to the environment, because of discharging of effluents leads to oxygen 

depletion of surface water. To overcome from this problem we have to work with an 

integrated approach for waste water management with a strategy that will result in the 

reduction of pathogens in surface and groundwater to improve public health. Waste water 

management can be attained by recycling and reuse of the waste water. The recycled water is 

used in irrigation purpose, flushing, recharge of ground water and industrial process. Water 

recycling and reuse decreases the dependency on ground water and surface water sources. 

 

Since India is a country of villages and the sewage contamination of lakes, ponds, rives and 

domestic water bodies in rural areas have been reached at its saturation level. The sanitation 

of rural areas is also not sustainable in context of waste water treatment. The study area for 

this case study is the villages nearer to Sanganer (Jaipur, Rajasthan) Due to Excess of 

Different Industries. So the objective of this paper is reduction in sewage contamination and 

to consider the appropriate technology for treatment of wastewater. It also discusses 

sustainable wastewater treatment systems in the context of rural areas of India with 

consideration of feasibility studies, life cycle cost analyses and realization. The main 

composition of waste water is- 



                

The greatest challenge before us over the next two decades is the implementation of low cost 

treatment that will at the same time permit selective reuse of treated effluents for agricultural 

and industrial purposes. Wastewater treatment has three primary functions- 

 To prevent spreading of diseases 

 To reduce the nutrients and other pollutants released to recipient waters, and 

 To recycle nutrient resources into agriculture or other production. 

Appropriate technology processes must be environment-friendly with less energy 

consumption and a positive impact on efforts to mitigate the effects of climate change. The 

Closed Loop Treatment System with modern design is appropriate technology since it causes 

less environmental nuisance than conventional processes—for example they produce lower 

amounts of excess sludge and their odour problems can be more effectively controlled. If 

nutrients are to be recycled to agriculture, they must be kept free from contaminants like 

heavy metals and organic toxins. Regardless of whether the wastewater is sorted at the source 

or mixed in the conventional way, it is important that the users be aware of the importance of 

adding only natural and eco-friendly substances to the wastewater system.[1] The possible 

measures and principle of solutions can be taken at the following two stages— 

 At the source  

  At the end of pipe 

 

Recycling and reuse of waste water provides  increased efficiency and cost savings in 

water use because the same water can be used several times before being discharged into the 

natural environment. Of course, recycling is not a feasible option for all types of water use so 

Before recycling the eco-friendly collection and transportation of waste water is of very 

importance so that sustainability can be attained, as-  

 Sustainable techniques for centralized treatment (Energy, Sludge, and Mineralized 

nutrients) 

waste 
water

Energ
y

polluta
-nts

Nutrie-
nts

water
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 Separate collection of both human and animal excreta (Black water). 

 Separate collection of domestic and industrial waste water, possibly together with 

organic kitchen waste. 

 Local treatment and reuse of grey water.[2]  

 

Since the area of village/town is not more so one approach to sustainability is through 

centralization of the wastewater management system. This system consists of a single unit for 

all the houses. Black and gray water is treated or reused separately from the hygienically 

more dangerous excreta. This approach leads to treatment and reuse of water, nutrients, and 

by-products of the technology (i.e. energy, sludge, and mineralized nutrients) in the direct 

location of the settlement. Therefore, more emphasis is being placed on the need to separate 

domestic and industrial waste and to treat them individually to make recovery and reuse more 

sustainable. The system must be able to isolate industrial toxins, pathogens, carbon, and 

nutrients. 
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Rainwater harvesting is becoming increasingly popular as the availability of good quality 

water decreases. Rainwater harvesting is acknowledged as a sustainable source of water that 

has less impact on the environment. Rainwater is nowadays used as a source for numerous 

domestic applications like drinking, bathing, laundry, toilet flushing, hot water supply and for 

gardening purposes. 

 

While rainwater is considered pure, there are a large number of atmospheric pollutants such 

as sulphur dioxide, nitrogen oxides and hydrocarbons, which together are the principal causes 

of anthropogenic acid rain. Apart from causing acid rain, this water can be unsafe to drink, 

especially in areas of heavy pollution such as industrialized urban areas. Numerous man-

made atmospheric pollutants exist, of which the most prevalent and damaging to rainwater 

quality are sulphur dioxide, nitrogen dioxide and various hydrocarbons. Although most 

serious contaminants are normally limited to urban and industrial locations, pollutants can be 

transported over great distances before being washed out in the rain. The potential chemical 

contaminants include pesticides through agricultural spray drift, aromatic hydrocarbons 

through wood smoke emissions and deposits from urban and industrial emissions. 

 

One of the dominant processes in the rainwater treatment train appears to be flocculation of 

organic, metallic and chemical parameters at the tank water surface with subsequent 

settlement of flocs to the sludge at the bottom of the tank or attachment to the walls of the 

tank. These flocs form bio films at the interface between tank surfaces and stored rainwater 

potentially improving the quality of stored rainwater by removing contaminants. Biofilms are 

formed when microorganisms bind together with sticky polysaccharide fibers to maximize 

their ability to extract nutrients and accumulate microbes from surrounding water bodies. 

Coli forms and Pseudomonas Spp. bacteria are commonly found in biofilms.  

 



Biofilms have been shown to increase the adsorption of heavy metals, nitrogen and 

phosphorus. Their resistance to such toxic metals, organic toxins, and chlorine, have meant 

that these substances which are toxic to humans can be actively removed from 

water.Elemental analysis using high resolution ICP-MS revealed accumulation of metals 

including lead, zinc, copper, manganese, chromium, mercury and arsenic in the biofilms in all 

tanks. Significant concentrations of metals were not found in the tank water indicating that 

the action of biofilms may be removing metals from the tank water. 
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Introduction - Water quality is referred by the physical, chemical and biological 

characteristics of the water. It is very important to study the quality as it is related to our 

ecosystem and is in direct contact with humans. For a water to be in drinking condition it has 

to fulfill many tests as the pH, turbidity, color, odor, dissolved salts, dissolved oxygen etc 

[1].Our study mainly emphasis on the water of Jalmahal and amber fort as they have a 

historic importance for Jaipur. In recent years due to lack of care, the water being polluted 

above the permissible limits and something should be done for enhancing the water quality. 

The main reasons of pollution are food thrown by people for fishes, water discharge from 

drainage pipes [1].  

 

Study Area - The Jalmahal palace within the Shan Sagar Lake is accessible from the Jaipur-

Delhi National Highway No 8, over a road distance of 4 Km from Jaipur. Delhi is a further 

273 Km away. Jaipur city being centrally located in Rajasthan, the National Highway No.8 

not only links to Delhi but also to Mumbai. NH No.11 is a road link of 366 Km from Bikaner 

to Agra via Jaipur. The lake is 8Km from Amber palace on the Amber – Man Sagar Dam 

road to the north [1]. 

 

Materials and Methods - The collected water is from amber and Jalmahal Palace and it is 

collected it in plastic bottles. The test shows that the water quality is not good. We performed 

pH test (Digital pH Meter), Turbidity (Nephelometer), Suspended Solids, Total Dissolved 

Solids and Dissolved Solids (by Oven Drying Method) of the water samples [2]. The 

rainwater combined with sewage water flow from the city resulted in the lake water giving 

off a foul smell. The water is taken from the middle of the area for maximum impurities and 

it is also less susceptible to soil impurities. 



Results and Disscusions - The tests results were not up to the mark as they have a higher 

level of dissolved impurities in them. Due to lack of care, the water is not fit for use and is 

also harmful for the aquatic life [3]. Due to the acid rain, the pH of the water is also low. 

Higher level of turbidity shows the presence of non setting impurities. [4] If the impurities 

keep on increasing, the oxygen dissolved for the fisheries will decrease. The alkaline nature 

of water due to high pH values can be attributed to high productivity of water as evidenced 

by high growth rate of algal population which utilized CO2 through photosynthetic activity 

[5]. The Jalmahal lake water was most polluted and unfit for drinking and fishing and 

propagation of wild life. Amber fort‘s water was less polluted as can be concluded from the 

above results [6]. 

Results of Water of Amber Fort 

S. NO. EXPERIMENT NAME RESULT 

1 Total solids 2500mg/lit 

2 Total dissolved solids 2500mg/lit 

3 Turbidity 132 

4 pH 6.58 

5 Suspended solids 2000mg/lit 

 

Results of Water of Jalmahal 

S. NO. EXPERIMENT NAME RESULT 

1 Total solids 2000mg/lit 

2 Total dissolved solids 2500 mg/lit 

3 Turbidity 58 

4 pH 6.80 

5 Suspended solids 2000 mg/lit 
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Introduction - A sharp decline in the water level in Jaipur city and its hinterland region 

in NW India has been observed during the last decades. Such a drop can be correlated 

with a widening gap between groundwater draft and recharge resulting from poor and 

erratic rainfall and over-exploitation of groundwater resources [1, 4]. Drying up of the 

surface water bodies has further led to a total dependence on groundwater resources to 

meet the rising domestic and industrial demand for water [2, 3, and 5].  

 Water being an excellent solvent tends to dissolve the minerals in the geological system. 

The quality of water resources is a subject of ongoing concern. The chemical nature of 

the ground water is influenced by several factors such as chemical weathering of the 

country rocks and interaction with the country rocks [2, 3, 8 9]. The importance of the 

hydro chemical   analysis underlies the fact that the chemistry of ground water can 

directly be rated with the source of water, climate and geology of region. In this paper 

chemical analysis of the ground water has been carried out for Mavatha pond and 

Jalmahal pond of amber hilly region. There are eight water quality variables (Sulphate 

ions, NA ions. K ions, Mg ions, Ca ions, Nitrate ions, Total Hardness, Specific 

Conductance, Total Dissolved Solids, pH). The value of water quality parameters were 

analyzed using statistical methods[6,11,12]. 

Rajasthan is a state where low available drinking water is a major problem with respect 

to its population, rain water harvesting is the best concept to utilize the rain water coming 

from clouds and also to fulfill the demand of drinking water .Rajasthan is a desert area 

where rain fall is quite low or not sufficient in comparison to demand.  So modern 

technique to preserve the rain water is essential in Rajasthan and hilly areas are the most 



suitable location for installing a big reservoir to collect the rain water .But the problem of 

drinking cannot resolve by only collecting the rain water but also maintain the quality of 

collected water for human, cattle and irrigation purposes [5, 7, and 10]. 

Whenever rain comes and run off through hills to get collected in the reservoir then the 

outer most Exposed of rock layers get weathered due to running of water. Therefore the 

chemical composition of rocks dissolved in water and changes the quality of water 

.Hence it is very necessary to analyze the chemical impurities of collected water and then 

install a proper plant as per type of chemical impurities [2, 3, 4, 10, and 12].    

Study Area 

The study area is situated in Aravali hills of amber region of Jaipur .The study area has 

varied morphology. The typical land forms compromises of granitic, gneissic and 

quartzite. The area has a tropical climate receiving rainfall during middle of June to the 

end of September. The humidity is less compared to the western coast .during the 

summer time the temperature goes up to 40°C. The area is densely vegetated by hilly 

shrubs. 

Result and Discussion 

Color in ground water may be due to the presence of mineral or organic matter. Turbidity 

is a measure of suspended materials in water such as clay, silt and microscopic organism 

.Taste and odor may be derived from bacterial and dissolved gases. Water samples were 

collected from the study area and in general found to be colorless, odorless and free from 

turbidity. The brief chemical analysis data of the collected water samples are given in 

following table: 

TABLE 1. Analytical Data for the Water Sample 

Locality pH Total 

hardness 

(ppm) 

Total dissolved 

solids 

(ppm) 

EC 

(seimons/c

m) 

Mavatah pond of 

Amber 

7.46 282.60 3333.34 70 

Jalmahal pond 7.59 308.69 6666.67 190 
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INTRODUCTION 

Makrana (27°02‘25‖ N latitude, 74°43‘44‖E longitude) is situated at the eastern margin of 

the Thar Desert and has an ancient marble mining history. Makrana is about 6km far from 

Manglana  Chauraha in Nagaur  district in Rajasthan. In this area about approx. 550 marble 

mines are exploiting the Marble Stone continuously from seven centuries and affecting the 

water, soil  and nearby vegetation. Water is one of our most important natural resources, and 

there are many conflicting demands upon it [1]. Quality of water is an important factor in 

development and use of ground water as resources [2]. The aim of this study is to monitor the 

water quality from different locations of mining and non-miming areas. 

MATERIALS AND METHODS  

Thirty water samples were collected from different areas of Makrana to determine the impact 

of mining on water quality. The samples were collected in high grade plastic bottles of one 

liter capacity after rinsing with Distilled water. The standard techniques and methods were 

followed for collection, preservation, analysis and interpretation. The physic-chemical 

characteristics of the ground water samples were determined by using standard methods. 

Total eight parameters viz. pH, total dissolved solids, conductivity, turbidity, total hardness, 

total solid, fluoride and Chloride test were determined by following standard techniques and 

compared with standard limit recommended by the Bureau of Indian Standards (BIS). 

 

Location of sampling stations 

The samples were collected from different mining & non-mining areas namely – 

Mining area 



Ghati Chouraha Main (N1-1), Keshavg Marble Industry(N1-2), Diamond Marble Ltd.(N1-3), 

Vivekanand Colony(N2-1), Rajput Samiti(N2-2), Capt. Ladhu Singh TW(N2-3), Jawan Ji 

TW(N3-1),Khanna Ji TW(N3-2), Gunawati Pond(N3-3), Bidiyad Main Road(N4-1), 

Masjid(N4-2), Charbhuja Marble Factory(N4-3), Snow Stone Limited(N5-1), Unpurna 

Riico(N5-2), Tanki Chouraha Bidiyad(N5-3). 

Non-mining area 

Kalwa Bada Bas(A1-1), Kalwa Pond-01(A1-2), Kalwa Pond-02(A1-3),Ffront of Gram 

Panchayat(A2-1),  kalwa tanki(A2-2), kalwa harijan basti(A2-3), kalwa chota(A3-1), near 

temple kalwa(A3-2), Out Side Of Kalwa(A3-3), Karma Bai Mandir Kalwa(A4-1), Borawad 

Road(A4-2), Bajiya ki Dhani(A4-3), Near Of Borawad(A5-1), Borawad Rrailway 

Station(A5-2), Borawad Main(A5-3).  

 

RESULTS AND DISCUSSION  

The results of different physico-chemical parameters are shown in Table 1 and Table 2 for 

mining and non-mining areas respectively.   

Table-1: Groundwater quality in relation to physico-chemical parameter at Makrana, Nagaur.  

Location Lat Long Source pH 

EC 

(mho/ 

cm) 

Turbidity 

NTU 

TS 

(mg/l) 

TDS 

(mg/l)  

Cl
-
 

(mg/l) 

Total 

Hardness 

F
-
 

(mg/l) 

N1-1 27.02 74.71 TW 6.96 2071 0.5 2.7 0.74 245.61 789.21 4.9 

N1-2 27.02 74.71 TW 7.42 2561.5 0.4 1.7 0.89 453.64 485.29 6.7 

N1-3 27.03 74.72 TW 7.26 4240.1 0.3 2.5 0.98 957.41 1186.27 8.3 

N2-1 27.02 74.72 TW 6.46 1558.7 0.1 1.9 1.32 403.51 1081.3 4.3 

N2-2 27.02 74.71 WELL 6.72 359.7 8.2 0.3 0.04 55.13 200.98 15.3 

N2-3 27.02 74.71 TW 6.18 3062.9 1.1 2.45 2.2 631.59 759.8 37 

N3-1 27.02 74.71 WELL 7.4 446.9 21.2 2.2 1.93 50.12 147.05 14.7 

N3-2 27.02 74.71 TW 7.4 2180 0.2 1.4 0.81 140.35 529.41 45 

N3-3 27.02 74.71 POND 7.2 1907.5 0.3 1.3 0.01 228.22 294.11 10.1 

N4-1 27.00 74.70 POND 7.37 773.5 0.3 0.65 0.31 87.7 240.19 8.3 

N4-2 27.01 74.71 TW 6.42 4283.7 0.2 2.8 1.5 761.91 892.15 9.8 

N4-3 26.99 74.70 HP 7.7 2866.7 0.4 2.25 1.02 568.93 598.03 15.1 

N5-1 26.99 74.69 TW 6.48 2681.4 0.3 1.85 0.63 370.93 460.78 32 

N5-2 26.99 74.69 TW 7.19 1722.2 0.1 0.85 0.05 265.66 279.41 4.3 

N5-3 26.99 74.70 TW 6.81 1744 0.3 1.5 0.6 225.56 676.47 9.8 
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Table-2: Groundwater quality in relation to physico-chemical parameter at Makrana, Nagaur.  

Locati

on Lat 

Lon

g 

Sourc

e pH 

EC 

(mho/ 

cm) 

Turbidit

y 

(NTU) 

TS 

(mg/

l) 

TDS 

(mg/

l) 

Cl 

(mg/l

) 

Total 

Hardne

ss F 

A1-1 

27.0

4 

74.6

2 TW 

7.4

1 2278.1 0.4 1.58 0.38 

185.4

6 303.92 12 

A1-2 

27.0

3 

74.6

1 

PON

D 

7.4

8 239.8 118.8 1.25 0.08 52.63 122.54 9.3 

A1-3 

27.0

3 

74.6

1 

PON

D 

8.3

3 130.8 23 0.45 0.22 67.67 98.03 6.5 

A2-1 

27.0

4 

74.6

2 TW 

7.3

8 3041.1 0.6 2.25 1.04 

340.8

5 294.91 38 

A2-2 

27.0

4 

74.6

1 TW 

8.0

6 4022.1 0.3 2.15 1.09 

368.4

2 455.88 4.2 

A2-3 

27.0

4 

74.6

1 TW 

8.0

7 4043.9 0.4 2.55 0.14 

428.5

7 495.09 8.3 

A3-1 

27.0

4 

74.6

1 TW 

8.2

9 1765.8 4.1 0.9 0.6 

185.4

6 299.01 13 

A3-2 

27.0

4 

74.6

1 TW 

9.0

7 1188.1 4.8 0.9 0.1 60.15 176.47 6.8 

A3-3 

27.0

4 

74.6

1 TW 

7.4

5 3324.5 0.1 2.15 0.99 

656.6

5 294.11 22 

A4-1 

27.0

3 

74.6

3 

PON

D 

7.9

7 3607.9 0.6 1.8 1.5 

679.2

1 328.43 

14.

7 

A4-2 

27.0

3 

74.6

5 TW 7.3 4578 0.1 2.2 1.15 

899.7

6 799.01 4.5 

A4-3 

27.0

2 

74.6

6 TW 

7.7

9 2703.2 0.1 1.2 0.6 

315.7

9 549.01 

14.

3 

A5-1 

27.0

2 

74.6

7 TW 

8.2

4 1558.7 2.1 1 0.02 

177.9

2 357.84 

12.

2 

A5-2 

27.0

2 

74.6

7 TW 7.3 4632.5 0.1 2.6 1.4 

877.2

1 848.3 6.5 

A5-3 

27.0

5 

74.6

1 

PON

D 7.1 2430.7 0.1 1.15 0.05 

363.4

1 357.84 5.4 

 

*TW- Tube Well, HP-Hand Pump 

 

CONCLUSION 

The analysis of ground water shows higher values of fluoride in the drinking water samples 

of almost all locations, some places have higher values of alkalinity and chloride while 

remaining parameters are within the permissible limits. While, non-mining lower value of 

TDS, Hardness, Chloride and fluoride as compare to mining area. In mining areas, the 

treatment technologies must be implemented to ensure good health of the community. 



 

REFERENCES  

 

1. J.Rathore,S. Jain, S.Sharma,V. Choudhary,A. Sharma; Groundwater quality assessment at 

Pali, Rajasthan(India); J. of Envir. Science and Engg; 2009. 51, 4 269. 

2. BIS 1991.IS:10500 Specification for drinking water, Indian Standards Institution, New 

Delhi 

  



Proceedings of National Conference on Hydrology  
with Special Emphasis on Rain Water Harvesting (NCHRWH-2013) 
November15-16, 2013, Poornima Group of Institutions, Jaipur  

   

259 
 

Ground Water Quality Analysis of Jaipur 

City 
 

Ankita P. Dadhich, Sumit Kumar, Ravi Kumar Singh, Rashmi Lata, 

 Shad Ahmad and Sukul Kumar   

 

Poornima Institute of Engineering and Technology 

Department of Civil Engineering, ISI-2, RIICO Institutional Area, Sitapura, Jaipur
 

E-mail - ankita.dadhich@poornima.org 

 

INTRODUCTION 

In the last few decades, there has been a tremendous increase in the demand for fresh water 

due to rapid growth of population and the accelerated pace of industrialization. Rapid 

urbanization, has affected the availability and quality of groundwater due to its 

overexploitation and improper waste disposal, especially in urban areas. Jaipur city (26.9260° 

N, 75.8235° E) the capital of Rajasthan, is also experiencing the degradation of groundwater 

quality due to rapid urbanization and industrialization. Urbanization has led to immense 

pressure on ground water resources and has resulted in quality deterioration of ground water 

resources of the city. The objective of the scientific investigations is to determine the 

physico-chemical characteristics of the ground water to evaluate the water suitability for 

drinking, domestic and irrigation purposes. 

MATERIALS AND METHODS 

The ground water samples were collected from eighteen sampling points during post 

monsoon season (September 2013). Samples were collected in good quality plastic bottles of 

one-litre capacity from different locations of Jaipur city viz. Sitapura, Pratap Nagar, 

Mansarovar, Ajmeri Gate, Jhotwara, Vaishali Nagar. Sampling has been carried out without 

adding any preservatives in well-rinsed bottles. Various physical parameters like pH, 

Conductivity, Total Hardness and Chloride test were determined by following APHA [1] 

(American Public Health Association) standard techniques and compared with standard limit 

recommended by the Bureau of Indian Standards (BIS) [2] and World Health Organization 

[3] (WHO).  



 

Figure 1: Different Sampling locations of Jaipur city for ground water analysis 

 

RESULTS AND DISCUSSION 

The data revealed that pH ranged from 6.98 to 8.00. pH is the negative exponent of H+ 

concentration. According to WHO (1992) standards, best and ideal pH value for human 

consumption is 7.0, but it may vary from 6.9-9.2. Thus, all the samples tested were slightly 

alkaline except at Vaishali Nagar (S3). EC is the capacity of water to carry ions, so it depends 

on the presence of ions and their concentration. Minimum and Maximum values of EC were 

recorded in Mansarovar (S1) i.e. 0.58 mmhos/cm. and Pratap Nagar (S1) i.e. 2.40 mmhos/cm. 

respectively. Thus variation in EC was observed in all the samples. EC signifies the amount 

of total dissolved salts, which indicates inorganic pollution of water. In ground water 

hardness is mainly due to carbonates, bicarbonates, sulphates, chloride of Ca and Mg. Data 

revealed that the values of hardness ranged between 110 to 620 mg/l Pratap Nagar (S2) from 

and Ajmeri Gate (S2) respectively. The permissible limit of total hardness is 100-500 mg/l. 

Thus Ajmeri Gate have total hardness more than the permissible limit. The concentration of 

chloride varied between 70.920 to386.514 mg/l. The minimum value was observed in 

Vaishali Nagra (S1, S3) and maximum concentration in Sitapura (S3). According to WHO 

(1984) the permissible limit for chloride is 200-600 ppm, which indicate that drinking water 

of Jaipur city contained chloride concentration within permissible limit. 

 

CONCLUSION  

The data suggests that the water samples were slightly alkaline in nature and contained high 

amount of Electrical conductance. The other parameters viz., Cl, pH, and total hardness 

showed wide variations. Analysis of water samples indicate that the drinking water, used by 



Proceedings of National Conference on Hydrology  
with Special Emphasis on Rain Water Harvesting (NCHRWH-2013) 
November15-16, 2013, Poornima Group of Institutions, Jaipur  

   

261 
 

the people residing in Ajmeri Gate and Sitapura area, is not potable. It should be treated 

before using for drinking purpose.  
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Organic dyes mostly Azo dyes polluted wastewater of textile industries cannot be treated 

successfully by conventional treatment methods and presently used methods give low quality 

of water, which is not suitable to use for domestic utilization. The presence of organic dyes in 

textile waste due to non-biodegradability of synthetic organic dyes, biological treatment of 

wastewater alone is usually not effective, may result in poor water quality.  

In this study a photo catalyst immobilized by Methylene blue has been used for de-

colorization of Acid Yellow 23 dye, which is being used in textile industries. This is a 

photo-activated process which has been promisingly used to remove non-biodegradable and 

hazardous dye pollutants from effluents of textile industries. Effect of different operational 

parameters like varied amount of catalyst, variation in dye concentration, light intensities 

and pH have been investigated on the rate of de-colorization. Using UV/Visible 

spectrophotometer at λmax = 426.00nm and optimum pH=7.5, the color removal efficiency 

of Acid Yellow 23 was observed 98.81% after 150min.The study shows that the photo 

catalyst is more effective in the presence of light. De-colorization treatment of textile 

effluent is more promising in the presence of light with photo catalyst. The result of 

experiment is exciting and we recover almost 100% transparent water of dye solution. 
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