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			Preface

			Water is important, more specifically, indispensible for life of all forms and sizes. It would not be an exaggeration to state that our very existence is dependent mainly on water. Employing a scientific approach to study water is, therefore, essential. The scientific study of water is not limited to the study of water cycle and water quality. It has a lot more to it, such as the movement of water through the atmosphere, earth and water bodies and the pattern in which it is distributed among these realms.

			The scope of How Water Works: Understanding the Mechanism of Hydrological Cycles holds within itself a detailed study of water in relation to the way it flows (hydraulic study) and to earth’s topographical anatomy (hydrology). Data regarding stream flow, precipitation, evaporation, transpiration and other meteorological phenomena have been incorporated in the edition. The book is undoubtedly unbiased towards any specific geographical location or climatic condition. The book is basically a documentation of the author’s attempt to look into the basic concepts of hydrology and hydraulics, regardless of the physical environment or the geography of the regions. Proper care has been taken to include the present requirements in the field of hydrology and hydraulic studies as well. Perfect amalgamation of explanations, definitions and solved examples make the book easily comprehensible. The theories included are coupled with relevant illustrations and diagrams. Furthermore, the book is purposefully composed in a simple language to provide for a lucid experience to the readers. 

			Experts and professionals have reviewed the technical contents of the book to ensure that, if not all, most of the contemporary practices in hydrology are reflected by the book. 

			The book is logically divided into a sequence of eighteen chapters which answer the questions that crop up almost always while studying water:

			•How do water supplies meet the demands?

			•What is amount of water required?

			•What is the amount of water available?

			•What are the procedures employed to dispose off or discard the used-up water?

			The book is beneficial to graduate and undergraduate students, as it is capable of accommodating the variability that is inherent to hydrology and hydraulics curricula of various institutions. Besides being an exemplary textbook, the book may serve as a good read to those involved in applied Hydrology and Hydraulic System. Furthermore, it can be also be used as a reference for disciplines such as ‘management of water resources’ and ‘hydrology of surface water’. If augmented a little, the book may be made to work for ground hydrology curricula as well. In-practice hydrologists and engineers may also find the book useful, as it covers field techniques. 
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			Chapter

			1	Introduction to Hydrology

			1.1	The Basics of Hydrology

			Hydrology is a field of science, which studies the distribution, circulation and appearance of the naturally occurring water on earth including the physical and chemical interactions that it has with its surrounding environment. The main purpose of this field of study is to scientifically evaluate the nature of water in various phases with the variance in time and space within the planet. The primary concerns for this field of study include factors like storage and runoff of water, transpiration, precipitation, evaporation and infiltration of water. Hydrology is further connected to a wide range of other sciences like agriculture, geology, geography, chemistry, physics, biology, etc. which all inform each other. The connection that hydrology has with these sciences is drawn from the fact that the physical properties of water share a close connection with all environmental processes. This has resulted in hydrology being considered to be an ‘interdisciplinary’ science that is deemed relevant to almost all aspects of life. The above figure depicts the scope of Hydrology and its relation to various other sciences.

			[image: ]

			Hydrology utilises various techniques and methods that had been originally developed in several other sciences like mathematics, probability, operational research, systems analysis, statistics, and control theory to solve various hydrology related problems. Spatially, the scope of the field of hydrology includes the atmosphere of the earth up to a height of 15 km, the lithosphere up to a depth of 1 km and, of course, the hydrosphere.

			1.2	Evolution of Hydrology

			Hydraulic projects of significance have been undertaken by human kind for a long time; however, they had been achieved despite a lack of comprehensive knowledge regarding the hydrological process and based mostly on philosophical theories. The concept of the hydrological cycle had been known since the era of Plato. A precise theory, however, had not been formulated until the first century AD by Marcus Vitruvious. Modern hydrology finally started to make strides in the seventeenth century during which the study and understanding of the hydrological processes and phenomena had started to be based on precise measurements. There are many examples of this happening during that time period, some of which are, the measurement of the rainfall and evaporation in the Seine River basin by Perrault, the measurement of the evaporation rates for the Mediterranean sea accounting for the inputs and outputs for the sea by the astronomer Halley and measurement of the discharge of the river Seine by Mariotte who later went on to also estimate the wet circumference of the river and also the overall flow velocity of the same river. These calculations were the basis upon which it was made possible to draw precise conclusions regarding several hydrological phenomena.

			Thereafter came the experimental period in hydrology in the eighteenth century which ushered in several new developments in the field of hydraulics. Several equipments and tools for the measurement of the discharge were invented like the mouthpiece of Borda, the Pilot tube, and the Woltman water meter. Equations for the measurement of flow in open channel conduits and spillways had been formulated during this period. Further flow in a porous media was also studied to formulate relevant equations for pumped wells. However, despite these massive strides forward, the inadequacies of these empirical equations, developed during this period, in adequately solving the practical problems of the twentieth century became obvious. To overcome this deficiency, cohesive efforts began to be made for systematic compilation of relevant data, research and thorough study of the relevant data through the newly established foundations of special services and various scientific establishments. Through these, the rational management and study of the various hydrological phenomenons started in the 1930s, when Sherman introduced the concept of the “unit hydrograph” for measuring the surface discharge along with the mathematical and statistical analysis of the discharge. 

			In the field of hydrology and related sciences, the 1950s marked the period wherein the application of the theoretical methods began towards the study of the practical hydrological problems. The invention and continued development of computers made the solutions of equations, which arose from the mathematical analysis of the hydrological phenomena, functionally feasible. The further development of increasingly complex instruments that provided high precision and above ground measurement potential made the collection and analysis of a lot more detailed meteorological and hydrological data possible along with providing avenues for the verification of the applied theoretical methods.

			1.3	The classification of Hydrology

			The field of hydrology has been divided into many groups depending on the methods involved and the uses that are intended from those studies. The figure below describes the various disciplines and sub disciplines involved in the field of hydrology.

			[image: ]

			The above figure describes the subdivisions in the field on the basis of the desired utility, location and functionality. For example, one characteristic that could be taken into consideration for the classification in the field on hydrology could stem from the spatial location of the phenomena that is being studied. Following this, the surface hydrology, therefore, would deal with the phenomena occurring in the surface water; groundwater hydrology would deal with the phenomena occurring in the ground water. This sort of classification becomes useful because of the difference in the dynamic behaviour of water at the surface level and at the under -ground levels. Another way of classification, that is generally used, is based on the methodological approaches that are being taken for the analysis and study of the hydrological processes. Therefore, following this parameter for classification, we have “deterministic hydrology” that uses models and methods whose parameters are determined through empirical procedures (for example, the unit hydrograph method”); whereas, “statistical hydrology” methods more related to the theory of probabilities and general statistics. The statistical hydrology is again subdivided into two separate sub – categories in probabilistic hydrology and stochastic hydrology. Probabilistic hydrology deals with analysing and composing the hydrological events without taking into consideration the continuity of the observed events in a time frame. The field of stochastic hydrology takes into consideration the time continuity within the structure and the occurrence of the hydrological events that are being observed or studied.

			Classification in the field of hydrology can also be done on the basis of the nature of the study. Following this, “physical hydrology” refers to the discipline of hydrology that deals with the understanding and analysis of the physical process involved in the hydrological processes including the causes and the mechanical factors that evoke them. “Engineering hydrology,” on the other hand, is a discipline that targets or pursues the quantitative estimation and through that the prediction of various hydrological phenomena. Engineering hydrology, therefore, is responsible for providing the tools for hydrological studies. The hydrologic design for the sizing and functioning of all hydraulic engineering works are dependent on the results from the engineering hydrology. Engineering hydrology, therefore, includes the design of, for example, flood protection structures, bridges crossing rivers, dams for storage of water, irrigation networks, urban hydraulic projects, roads and projects of groundwater recharge.

			

			1.4	The Hydrological Cycle
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			Figure 1.1 Diagrammatic representation of the Hydrological Cycle

			The Hydrological Cycle refers to the continuous movement of water between the bodies of water like oceans, the atmosphere and land which is facilitated by the continuous shift between the solid, liquid and wet phase of the water. A schematic description of the hydrological cycle has been depicted in the figure below.

			Theoretically, the beginning of the hydrological cycle can be placed in the atmosphere of the earth, where the water in the form of vapour from the seas, rivers and land and transpiration from plants and trees is accumulated. This vapour is then carried over (large or small) distances by the winds when requisite conditions are developed and clouds are formed. At a later time, again the vapour changes form to become atmospheric precipitation like haze, snow or rain and returns to the surface of the earth. Among all the water that reaches the surface of the earth in such a manner, one part of it is retained by the vegetation and then evaporates into the air consequently, another part gets absorbed into the soil and the remaining water drains as “runoff” on the surface of the land thereby ending up in lakes, rivers and eventually oceans and seas. Among the water which gets absorbed by the soil, a portion of it gets absorbed by the vegetation again and thereby evaporates back into the atmosphere whereas the rest infiltrate in to deeper layers of the ground. This water then recharges the ground water aquifers, which sometimes find their way back to the surface at lower altitudes and end up back in the oceans. Water from the oceans again gets evaporated back into the atmosphere and the continuous cyclic process starts all over again thus functioning as the hydrological cycle.

			1.5	Hydrological Variables

			Hydrological variables refer to the factors that affect the hydrological cycle in its functioning. The most basic variables in the hydrological cycle are evaporation, precipitation, surface runoff, retention, percolation and infiltration, and interception. Among these, surface runoff ends up becoming one of the most important water resources and, along with that, it also is responsible for most of the hydrological hazards like droughts and floods. Underground percolation, in contrast, is connected with the exploitation of water resources and is considered one of the major parts of engineering hydrology. Atmospheric precipitation is connected directly to the surface runoff and the underground percolation by a cause – effect relation. Evaporation and transpiration are generally referred to as hydrological losses as it pertains to the amount of water that does not runoff and is also not available for surface or underground infiltration or exploitation. This is sometimes also known as evapotranspiration. Considering all the above factors, it can be concluded that, runoff, evapotranspiration and precipitation are the most prominent processes and variables in the whole hydrological cycle and their empirical values would determine the relevant status of the water resources in the region.

			

			Table 1.1. Commonly used Hydrological variables, associated parameters and relevant units of measurement.

			
				
					
					
					
				
				
					
							
							Variables

						
							
							Characteristics

						
							
							Units

						
					

				
				
					
							
							Rainfall

						
							
							Depth

							Intensity

							Duration

						
							
							Millimetres (mm)

							Millimetres per hour (mm/h)

							Hours (h)

						
					

					
							
							Evaporation

						
							
							Rate

							Depth

						
							
							Millimetres per day, month or year (mm/day, mm/month, mm/ year)

							Millimetres (mm)

						
					

					
							
							Infiltration and Percolation

						
							
							Rate

							Depth

						
							
							Millimetres per hour (mm/h)

							Millimetres (mm)

						
					

					
							
							Interception

						
							
							Equivalent depth

						
							
							Millimetres per storm duration (mm/time)

						
					

					
							
							Retention

						
							
							Equivalent depth

						
							
							Millimetres per storm duration (mm/time)

						
					

					
							
							Runoff

						
							
							Discharge

							Volume

							Equivalent depth

						
							
							Cubic metres per second (m3/s)

							Cubic metres (m3)

							Equivalent millimetres over the river basin (mm)

						
					

				
			

			1.6	River Basin

			As can be perceived logically, it is vitally important to in the field of hydrology to clearly define the entirety of the area that receives the rainfall and the area where the surface runoff is produced which ends up to another specific location or point of the overall drainage system. This entire area, thus defined, is called the “drainage basin” or catchment area or water shed or most commonly river basin. “Drainage divide” refers to the boundary line along the given topographical ridge that separates any two adjacent drainage basins or river basins. As can be seen from the figure below, the single point in the basin where the outflow of all the drainage takes place and concentrates upon is called the concentration point or the collection point of the given basin. The drainage divide has also been demarked on the figure below.
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			Figure 1.2 A river basin identified on a 3 dimensional map of a topographical region.

			1.7	Scale

			Based on the relevance and scope of a specific hydrological situation, the associated hydrological cycle and its variables can be considered at different scales of both time and space. It is absolutely necessary to know all the types of hydrological variables within the continuous time and space to effectively study any given hydrological phenomena. This approach, however, can be made impractical or impossible because of the extreme complexity of the various hydrological phenomena and also the vastly spread out extent and depth of time during which they evolve. The insertion of the scale is generally connected to the distinction based on certain specific spatial boundaries and a given time period in which the study of the respective phenomena is taking place in.

			1.7.1	Spatial Scale

			The largest possible spatial scale would, of course, be the world wide scale and similarly, the scale of one particular drainage basin would, as far as hydrological matters are concerned, the smallest spatial scale possible. Over the years, it has been made abundantly clear that there does not exist a single and unique drainage basin for a specific stream, rather at each point, there exists a different drainage sub – basin (river sub – basin). This constitutes the most prominent scale for the field of engineering hydrology, and the analysis of all other scales can be defined as a sum total of the entire separate but intrinsic river sub – basins. This approach also affords the ability to separate hydrology from hydraulics. It must also be kept in mind that the drainage basin may not geographically coincide with the spatial demarcation lines that might have been drawn for economic or political reasons. Drainage basins can vary in size from that of a small park to the extent of an entire river basin, irrespective of the artificial border lines or demarcation lines. In the United States, for example, the Mississippi river basin occupies almost 41 % of the entire spatial area of the continental United States which crosses over many state lines and boundaries. Such large river basins are a lot of the time divided into smaller sub – basins so as to make easier the task of hydrological analysis.

			For operational purposes the drainage basins that can be analysed might go up to the scale of tens or thousands of squared kilometres (km2), however, for research studies, more generally, in order to understand the physical mechanisms that are related to the specific hydrological phenomena the chosen scale of the drainage basins are somewhere in the vicinity of one squared kilometre (1 km2), or even smaller. These small scales that are considered for analysis are sometimes known as “experimental river basins.” Sometimes, however, the observation of some specific phenomenon or its analysis and measurement can take place in a very small area which, for all practical reasons, is represented by one specific point only; in such cases, the scale is referred to as point observation or point measurement.

			1.7.2	Time Scale

			The hydrological variables always are susceptible to time variance. Accurate information and knowledge of the tie variance of any hydrological variable requires continuous and constant monitoring over time. This task, however, is usually practically impossible to undertake either because of the ingrained calculating difficulties or because of the inability to collect direct measurement at all times. Therefore, for practical purposes, the hydrological variables are monitored at various distinctive timescales in variance with the nature of the problem that is to be confronted. The tie scales that are used for analysis in the field of hydrology can vary from a fraction of an hour to a year to even many years depending on the needs of the observers. The timescale that is chosen for the hydrological analysis generally depends on the eventual goal of the study and the nature of the phenomena that is being observed. Consequently, usual hydrological timescales could be hourly, daily, weekly, monthly and annual time scales. Usually, the time step of the hydrological data determines the chosen scale.

			1.8	Distribution of water worldwide

			Among the resources that have been provided by the nature, water is among the most important because of its immense importance in the lives of all living things including, plants animals and humans. As it can be seen from Table 1.2. given below, the estimated volume of total water on earth is around 1360 million km3. The further breakdown of the overall distribution of water worldwide is also given below in Table 1.2. The largest volume of water is stored in the oceans at 97.2 %. Ice glaciers form another major significant source of water at 2.15 % which is stored in the form of ice and therefore is not exploitable readily. The remaining water of the planet is distributed among the rivers, lakes, biomass, and groundwater sources. Groundwater has an estimated volume of around8.4 x 106 km3 of which only less than half can be effectively exploited as the remaining are positioned so deep within the earth’s crust that exploitation is either not totally feasible or they are saline in composition. The exploitable fresh water on the planet earth, comprising of rivers and lakes, make up for less than 2 % of the available exploitable water. The major source of exploitable fresh water still is the groundwater source which accounts for the remaining 98 %. This data can help getting the clear inference that, for human sustenance and survival at least a minimal level of ground water reserves is necessary and, in fact, crucial. Infiltration of the atmospheric precipitation is one of the most prominent sources of ground water replenishment. The runoff which does not get absorbed into the soil then replenishes the oceans and seas.

			

			Table 1.2 Distribution of water worldwide

			
				
					
					
					
					
				
				
					
							
							Worldwide distribution of water

						
							
							Volume (in 1000 km3)

						
							
							Percentage (%)

						
					

					
							
							Atmospheric Water

						
							
							13

						
							
							0.001

						
					

					
							
							Surface Water

						
							
							Ocean Water

						
							
							1,320,000

						
							
							97.2

						
					

					
							
							Saltwater lakes

						
							
							104

						
							
							0.008

						
					

					
							
							Freshwater lakes

						
							
							125

						
							
							0.009

						
					

					
							
							Freshwater rivers

						
							
							1.25

						
							
							0.0001

						
					

					
							
							Ice glaciers

						
							
							29,000

						
							
							2.15

						
					

					
							
							Biomass water

						
							
							50

						
							
							0.004

						
					

					
							
							Ground Water

						
							
							Water in the unsaturated zone

						
							
							67

						
							
							0.005

						
					

					
							
							Water at a depth up to 800 m

						
							
							4,200

						
							
							0.31

						
					

					
							
							Water between 400 to 800 m depth

						
							
							4,200

						
							
							0.31

						
					

					
							
							Total

						
							
							136,000

						
							
							100

						
					

				
			

			1.9	Hydrological Balance

			Mathematically, water balance or hydrological balance of a given drainage basin is an expression of its hydrological cycle. It is mathematically defined by an expression which equates the differences between the outputs and inputs of a drainage basin in a defined time period (∆t) with the rate of change of the water storage parameter(∆S). In a specific drainage basin, if all the parameters like the output and the input, rate of change and time interval are known, then the equation for the hydrological balance can be defined as given below in equation 1.1.

			[image: ](1.1),

			Or,

			[image: ](1.2),

			Where, I and O are the average intake and outtake of the water from the drainage basin in the time period of ∆t. The indices 1 and 2 refer to the starting point of the time interval and the ending point respectively such that,[image: ]. However, since the changes to these parameters are chronic in nature, therefore, the equation can be written as a derivative equation given below.

			[image: ](1.3),

			For a natural river basin, intake or inflow could involve the rainfall, snowfall, and other forms of precipitation that the region experiences. The outtake or the outflow could be comprised of elements like underground runoff, intermediate runoff, surface runoff, transpiration, evaporation and percolation. Similarly, there are specific elements that are related to the storage parameter of the river basin like the soil storage, surface storage, underground storage and water intercepted by the vegetation and animal life. Mathematically, if the total inflow of water into a river basin in the form of precipitation is donated by P, the surface runoff is denoted as R, the amount of water percolating underground is denoted by G, the loss through evaporation is denoted by E and the water loss through transpiration is denoted by T, then the overall change in the storage metric of the river basin ∆S can be defined as,

			[image: ]

			However, in cases of analysis of individual precipitation events the losses due to evaporation and transpiration (E and T) are negligible and need not necessarily be considered.

			

			1.10	Understanding Water Resource Development

			Development of water resources is necessitated because of the need to control water flows, both surface level and underground level. Prior to starting a developmental project, there are certain parameters that need to be assessed like the availability of water sources, the quantum of demand for water and whether a design is feasible that can utilize the available water resources for the fulfilment of the immediate demands in a sustainable manner. The intrinsic water control measures in such projects are imbued with the responsibility of regulating the rate of water supply in a sustainable manner so as to better the prevailing conditions in an area or region. Therefore, the eventual purpose of the facilities developed as part of a water resource development project is to manage the quantity and quality of water and the time of supply so as to adequately fulfil the requirements and needs of the region or area in a sustainable fashion. Such project development usually involves the careful design and positioning of structural elements that are to be utilized along with several non - structural measures as well to satisfy the intended need.

			This book, through its content, aims to imbue in its readers an introductory understanding of all the quantitative and qualitative elements that are intrinsic to the formulation and design of an effective water development project. The questions listed below have guided the writing of this book, and the authors hope that the reader can derive the answers to these questions upon reading the book.

			•	How much water would be required?

			•	What is the available amount of water?

			•	How do we manage the needs and the supply of water?

			•	How can we develop a sustainable water management project?

			•	How do we deal with surplus inflows of water?
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			2	Hydrologic Cycle and its Elements: Precipitation

			2.1	Introduction

			The Earth is a very complicated planet which acts as a home to and shelters innumerable living and non-living sources. It is a wonder that out of eight planets in the solar system, only Earth has shown the capability to sustain life force. The researchers of the discipline of science believe that the composition of the atmosphere of the Earth is the reason behind its ability to shelter different forms of life forces along with the countless substances which co-exist with each other. In general, the atmosphere of the Earth is composed of various layers of different kinds of gases which cover its perimeters such as argon, helium, hydrogen, nitrogen, oxygen and many more. 

			Hydrogen is one of the gases which exist in the atmosphere of the Earth with a baryonic mass of 75%. It is a vital gas which is responsible for the formation of water molecules in this planet. However, there are no traces of visible hydrogen in the atmosphere of this universe and it is only available in the form of a water molecule. 

			It is known to all how essential water is for enduring the life force in the earth. Since hydrogen plays an elemental role in its formation, it is of vital importance to study its elements, know its cycle and to understand its process of functioning. In this chapter, all these factors will be discussed in details to provide more information regarding this chemical gas of the atmosphere of the Earth.

			2.2	Available Water

			Water is the fundamental element which represents the symbol of life, especially for the mankind. It is because of this cognition that mankind is trying to explore every possible way to preserve the limited water available in the atmosphere. In general, water is formed when two atoms of hydrogen molecules react chemically to combine with one atom of oxygen molecules. It is represented as H2O. 

			It is known to all that the Earth is divided into four spheres which have their specific discrete properties and each performs their distinct function to make this planet suitable for sustaining life. These spheres are discussed below.

			A. Hydrosphere

			The surface of planet Earth contains some bodies which contain water in them and are found in the form of rivers, lakes, ponds, oceans etc. This surface is known as hydrosphere. Here only those substances are included which are aquatic in nature. Hydrosphere covers an almost three-fourth portion of the planet. However, only 2.5% of the water bodies are suitable for the purpose of consumption.

			B. Lithosphere

			There are some bodies which are available on the surface of the Earth in the form of land such as mountains, plains, valleys, coastlines among others. This surface is known as lithosphere. It generally includes the solid, semi-solid, and the liquid-solid portion of the Earth.

			C. Biosphere

			There are some substances which are available on the surface of the Earth in the form of living organisms which require nourishment from the resources of the nature. This surface is known as biosphere and includes all the plants, animals, human beings and microorganisms that depend on one another for the purpose of sustenance.

			D. Atmosphere

			There are some substances which are available on the surface of the Earth in the form of gases such as hydrogen, oxygen, helium, nitrogen, argon and many more. This surface is known as the atmosphere. 

			The four spheres do not rely on each other while performing their functions. However, there are times when they have to interact with each other for concluding their work. For instance, the atmospheric gases are directly related to the hydrosphere. The availability of water bodies in this planet depends largely upon certain gases such as hydrogen, oxygen, carbon among others.

			In general, almost 71% of the total surface of the planet is covered with water or hydrosphere out of which 91.65% of the water is found in the ocean bodies. It is observed that water molecules are present in the water vapours, soils, aquifers and glaciers as well. However, it is to be noted that out of all these water bodies only 2.5 % of water is suitable for the purpose of consumption

			2.2.1	Sources of Water

			Water is available in the surface of the Earth in various shapes and forms. While some sources supply the water directly in the nature, there are some sources of water which require extra labour for the purpose of their consumption. Given below are the different sources of water which are readily available in the nature and are continuously supplied for sustaining the life force of the planet.

			a)	Water available in the form of snow which is static, glaciers and ice caps and requires heat temperature for converting them into water bodies. These sources cover only a proportion of 1.5% of total water in the planet where fresh water is accounted for 68.7%.

			b)	Water available in the form of oceans, bays, and seas which covers a proportion of 96.5% of total water available in the planet. However, the percentage of freshwater in these forms of water bodies is negligible.

			c)	Water available in the form of moisture of the soils which cover only a proportion of 0.001 out of total water in the planet. The quantity of fresh water in the moisture of the soil is approximately 0.5%.

			d)	Water available in the form of lakes covers a proportion of 0.06% of total water in the planet where fresh water is accounted for only 0.26 percent.

			e)	Another source of water available on Earth is found in the form of ground water. It covers a proportion of 1.69% of total water on the planet where fresh water is accounted for 31% with no trace of saline water.

			f)	Water available in the form of rivers is the most popular sources of water. In general, the river bodies cover 0.0002% of total water on the planet. Here, fresh water is accounted for a proportion of only 0.002% which is used mostly for the purpose of consumption.

			g)	Water available in the form of swamps covers a proportion of 0.0008% total water on the planet where fresh water is accounted for 0.3% only.

			h)	Water available in the form of the atmosphere is not considered as a direct source of water. However, there are some traces of water molecules in the air which covers a proportion of 0.0001% of total water on the planet. The fresh water is accounted for only 0.4% in the atmosphere.

			i)	Water available from rain is the easiest source of water on the planet. However, the rain water is not always suitable for regular uses since there are some traces of acids, bacteria, germs and similar particles that may harm the system when ingested or applied.
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