¥F Hydrology & Water Resource Engg. (SPPU) 1 Table of Contents

Chapter 1: Introduction to Hydrology 1-1to1-40 | 141  Introduction 1-6
1.4.2 Indian Meteorological Department (IMD)............... 1-6
Introduction : Hydrological cycle, applications of hydrology, 143 The Central water and Power Research
brief introduction of government organizations like IMD, station (CWPRS) 1-7
CWPRS, MERI, CDO, Hydrology Project Division, NIH, CWC. 1.4.4 Maharashtra Engineering Research
Precipitation: Types & forms of precipitation, precipitation Institute [MERI] 1-7
measurement, rain gauge network, introduction to real | | 1.45  Central Design Organisation [CDO]...uumururerersrn 1-7
time data transmission weather station and climate change. 1.4.6 National Institute of Hydrology [NIH] .....cccccceusuneen 1-8
Consistency test, presentation of rainfall data, mass rainfall 147 Central Water Commission [CWC] (New Delhi)..... 1-8
curves, hyetograph, point rainfall, mean precipitation over 15 Precipitation 1.8
an area, arithmetic mean method, Thiessen’s polygon, 151 Introduction 1-8
isohyetel method, concepts of depth-area-duration L
1.5.2 Types or Forms of Precipitation ........eeesninenes 1-9
analysis, frequency analysis, frequency of point rainfall,
) 1.53 Types of Rainfall 1-9
intensity-duration curves, maximum intensity-duration.
154 Measurement of Precipitation ... 1-11
Abstractions of precipitation : interception, depression 155 Rain Gauge Network 1-11
HiErge,  Epemion.  climeiiEn g, e 1.5.6 Selection Criteria of Site for Rain Gauge.........ccccoe 1-13
ffecting, t of tion, t iration, . .
atiecting,  measurement ot evaporation, - transpiration 1.5.7 Representation of the Rainfall Data........ccoumeersrreenns 1-13
evapotranspiration, modified Penman method,- process ) ) ] )
1.5.7.1 Some Terminologies Confined to Rainfall............ 1-14
and measurement, infiltration: introduction, infiltration
L o 1.6 Preparation of Data Estimation of
capacity, infiltrometer, Horton's method and infiltration Missing Data 1-15
indices.
ind 1.6.1 Introduction 1-15
11 Introduction to Hydrology 11 1.6.2 Reasons for Gap or Breaks in the Data......cccoueveerres 1-15
111 Need to Study Hydrology 11 1.6.3 The Methods to Correct and Calculate
1.2 Sub-Branches of Hydrology 1-2 the Missing Data 1-15
1.21 Practical Use of Hydrology 1-2 1.6.4 Consistency Test of Precipitation....eeeeeene. 1-21
1.3 Hydrological Cycle 1-3 1.7 Probable Maximum Precipitation........coouuusuu 1-22
1.3.1 Steps of the Hydraulic Cycle 1-3 1.7.1 Introduction 1-22
1.3.2 Quantitative Analysis of the Hydrological 1.7.2 Equation to Calculate PMP 1-22
Cycle 1-4 1.7.3 Relation between the Extremes and Average.......1-22
1.3.3 The Processes Involved in the Hydraulic 1.7.4 Intensity-Duration Curve / Depth Area
Cycle 1-4 Duration Curve (DAD) 1-22
1331 Interflow or Baseflow 1-5 1.7.5 Intensity Duration Analysis 1-23
134 Hydraulic System 1-5 1.7.6 Depth-Area-Duration Curve (D.A.D Curve)........... 1-23
135 Hydraulic Equation 16 | 18 Intensity Duration ANalysis.....cesssssssanens 1-24
1.3.6 Difference between Hyetograph and 1.81 Introduction 1-24
Hydrograph 1-6
1.8.2 Isopluvial Maps 1-24
1.3.7 Application of Hydrology 1-6
1.9 Abstraction of Precipitation / Intersection.....1-24
14 Introduction to Various Govet. )
Organisations Working in the Field 191 Intersection 1-24
of Water Resources Development......cooessrees 1-6 | 1.9.1.1 Depression Storage Capacity 1-25
1.9.1.2 Evaporation 1-25

o= TechKnowledge
SF et o



¥F Hydrology & Water Resource Engg. (SPPU)

Table of Contents

19.2
193
194
1.9.5
1.9.6
1.9.7
1.9.8
1.9.9
1.10

1.10.1
1.10.2
1.10.3
1.10.4
1.10.5
1.10.6
1.10.7
111

1.11.1
1.11.2

1.11.3
1.11.4
1.11.5
1.11.6
1.12

1.12.1
1.12.2
1.12.3
1.13

1.13.1
1.13.2

1.13.3
1.14

1.14.1
1.14.2
1.14.3

1.14.4
1.14.5

Evaporation Process

Dalton’s Law of Evaporation

Factors which Affect the Rate of Evaporation

Estimation of Evaporation

Actual Observation of Evaporation ...

Pan Observations

Pan Coefficient

Types of Pans

Methods to Control the Evaporation
from the Reservoir

Introduction

Surface Area Reduction

Mechanical Covers

Wind Shields

Surface Film

Floating Covers

Losses due to Seepage

Process of Transpiration

Introduction

Factors which Affect the Process of
Transpiration

Measurement of Transpiration ...
Reduction in the Transpiration ...

The Measurement of Evapotranspiration

Soil Evaporation

Infiltration

Introduction

Process of Infiltration

The Factors Affecting Infiltration Process

Measurement of Infiltration...........coceeveeenne

Introduction

Classification of Infiltrometers and
their Working

Problems in using Infiltrometer...........ccoccernne.

Infiltration Indices

Introduction

0 Index

W Index

Whnin Index

fav

1-25
1-26
1-26
1-27
1-29
1-30
1-30
1-30

1-31
1-31
1-31
1-31
1-31
1-31
1-32
1-32
1-32
1-32

1-32
1-33
1-33
1-34
1-34
1-35
1-35
1-35
1-35
1-37
1-37

1-37
1-38
1-38
1-38
1-38
1-39
1-39
1-39

Chapter 2 : Run Off 2-1 to 2-37

curve hydrograph, uses and limitations

discharge measurement by velocity-area

meter, ADCP (acoustic doppler current profiler).

Introduction, factors affecting runoff, rainfall-runoff
relationships and empirical techniques to determine
runoff, Runoff hydrograph: Introduction, factors affecting
flood hydrograph, components of hydrograph, base flow
separation, effective rainfall, unit hydrograph theory, S-
of unit
hydrograph, synthetic hydrograph (no numerical on
synthetic hydrograph). Stream gauging : selection of site,
method,
introduction to advance techniques/equipment used in

gauge discharge measurements such as radar, current

2.1 Runoff.

2-1

2.1.1 Introduction

2-1

2.1.2 Unit of Runoff

2-1

2-1

2.1.3 Water Divide or Ridge Line

2.1.4 Ground Water Divide

2-2

2.15 Catchment Area or Fern Shaped Catchment ........ 2-2

2.1.6 Components of Runoff / Factors

Affecting Runoff 2-3
2.1.7 Empirical Techniques to Determine Runoff............ 2-3
2.1.8 Runoff Hydrograph Introduction ... 2-6
2.1.9 Base Flow Separation 2-7
2.1.10 Time Concentration 2-7
2.1.11  Effective Rainfall 2-7
2.2 Unit Hydrograph 2-8
2.2.1 Introduction 2-8
2.2.2 Theory of Unit Hydrograph 2-8
2.2.3 Specifications of Unit Hydrograph....... 2-8
224 Components of Hydrograph 2-8
2.2.5 Assumptions in the Theory of Unit

Hydrograph 2-9
2.2.5.1 Salient Features of Typical Hydrograph ... 2-9
2.2.5.2 Uses of Hydrograph 2-10
2.2.6 Limitations of Unit Hydrograph Theory.......cccccc.... 2-10
2.2.7 Variation of Time of Unit Precipitation............ 2-10

TechKnowledge
P

ublications



¥F Hydrology & Water Resource Engg. (SPPU)

Table of Contents

2.2.8 Derivation of Unit Hydrograph......ccceeereneenens 2-15
2.29 A Case Study of Derivation of

Unit Hydrograph 2-15
2.2.10  Synthetic Unit Hydrograph 2-18
2.2.11  Gumbel’s Method to Measure

Maximum Values of Flood 2-19
2.2.11.1 Frequency Factor in Gumble’s Method............... 2-20
2.2.12  S-curve Hydrograph 2-20
2.2.12.1 Construction of ‘S’ curve Hydrograph......cccc... 2-20
2.3 Stream Gauging 2-28
2.3.1 Introduction 2-28
2.3.2 Direct Method of Measurement .....sissesnnns 2-28
2.3.3 Indirect Measurement Methods.....icsssssssnnns 2-30
2.3.4 Advanced Techniques for Measuring

the Gauge Discharge 2-31
Chapter 3 : Floods 3-1 to 3-21

Floods : Estimation of peak flow, rational formula and other

methods, flood frequency analysis, design floods, brief

introduction of hydrologic design of culverts and bridges.

Hydrologic flood routing: Muskingum method, Q-GIS

software application in hydrology (watershed delineation).

3.1 Floods 3-1
3.11 Definition of Flood 3-1
3.1.2 Causes of Floods 3-1
3.2 Classification of Floods 3-2
321 Intensity of Floods 3-2
3.3 Factors Causing Floods 3-3
3.31 Introduction 3-3
3.3.2 Factors of Flood 3-3
3.3.3 Return Period 3-4
34 Indian Rivers and Floods 3-5
341 Introduction 3-5
3.4.2 Indian Rivers and Floods 3-5
343 River Regimes 3-6
3.5 Alleviation of Floods 3-7
3.51 Introduction 3-7

3.5.2
3.5.3
3.5.4
3.55
3.6

3.6.1
3.6.2
3.7

371
3.7.2
3.7.3
3.74
3.75
3.7.6
3.7.7

3.8
3.8.1
3.8.2
3.8.3
3.9

39.1
39.2
393
394
3.10

3.10.1
3.10.2
3.10.3
3.10.4
3.10.5

3.10.6

Other Methods of Flood Control ... 3-7
Location of Levees 3-8
Effects of Levees on River Stages .......ceereeennns 3-9
Flood ways 3-9
Channel Improvement 3-9
Introduction 3-9
Methods of Channel Improvement........ceenn: 3-10

Function of Flood Forecasting and

Flood Warning 3-11
Introduction 3-11
The Phases of Floods Forecasting System............. 3-11
Flood Control Measures 3-11
Evacuation 3-11
Benefits of Flood Control 3-12
Disadvantages of Flood COntrol......eceenes 3-12
General Instructions to the People

during Floods 3-12
Hydraulic Analysis and DesSign........ccounmesesneenss 3-13
Introduction 3-13
Estimation of Peak flow 3-13
Methods of Estimation of Design Floods........c..... 3-14
Flood Routing Through Reservoirs

and Open Channels 3-15
Introduction 3-15
Types of Flood Routing 3-15
Methods of Flood Routing 3-15
Flood Routing Through Channels.......ccccouveeerrnmrreeenes 3-16
Q-GIS Software Application in

Hydrology (watershed delineation ) .......cc.euuu.. 3-18
Introduction 3-18
Use of G.I.S. Water Management..........oceereeeeerennnns 3-18

Application of GIS in Watershed Delineation......3-18
Use of G.I.S. to find of sources of Ground Water..3-20

Treatment or Quality Analysis of
Water by Using G.L.S. 3-20

Use of Drone Technology in Water Management
Sources Treatment and Distribution........cccceeeeeenn. 3-20

== TechKnowledge
¥ publications



¥F Hydrology & Water Resource Engg. (SPPU)

3.10.7 Use of Unmanned Aerial Vehicles (UAVs)

in Water Management 3-20
3.10.8  The use of Drones and Satellites

in Agriculture 3-21
Chapter 4 : Reservoir Planning 4-1 to 4-26

Introduction, term related to reservoir planning (yield,
reservoir planning and operation curves, reservoir storage,
reservoir clearance), investigation for reservoir planning,
significance of mass curve and demand curves,
applications of mass curve and demand curves, fixation of
reservoir capacity from annual inflow and outflow, fixation
of reservoir capacity using elevation capacity curve and
dependable yield, reservoir losses, reservoir sedimentation-
Phenomenon, measures to control reservoir sedimentation,
density currents Significance of trap efficiency, useful life of
reservoir, costs of reservoir, apportionment of total cost,
use of facilities method, equal apportionment method,
alternative justifiable expenditure method. (no numerical

on cost-economics)

4.1 Reservoirs 4-1
4.1.1 Introduction 4-1
4.1.2 Types of Reservoirs 4-2
4.1.3 Planning a Reservoir 4-3
4.1.4 The Clearance of Reservoir 4-5
4.2 Reservoir Storage 4-6
421 Introduction 4-6
4.2.2 Classification of Zones 4-6
4.3 Reservoir Yield 4-8
43.1 Introduction 4-8
43.2 Types of Yield 4-8

433 The Yield and Storage Capacity of Reservoir....... 4-8

4.4 Reservoir Capacity 4-9
4.4.1 Introduction 4-9
4.4.2 Use of Mass Curve to Determine the

Capacity of the Reservoir 4-9
4.4.3 Demand Curve 4-10
4.4.4 Reservoir Losses 4-10
4.4.5 Reservoir Regulations 4-11
4.5 Control of Sedimentation of Reservoirs.......... 4-11
45.1 Introduction 4-11

Table of Contents

4.5.2 Process of Sedimentation 4-12
453 Effects of Sedimentation of the Reservoirs........... 4-12
454 Control of the Sedimentation of Reservoirs......... 4-13
4.6 Flood Routing through Reservoir ........cueuuesiunes 4-13
4.6.1 Introduction 4-13
4.6.2 Methodology of Flood Routing

Through Reservoir 4-14
4.6.3 Outflow Conditions 4-14
4.6.4 Puls Method 4-14
4.6.5 Graphical or .S.D. Method 4-16
4.6.6 Trial and Error Method 4-16
4.6.7 Density Currents 4-16
4.6.8 Significance of Trap Efficiency .......eemmeeenes 4-17
4.6.8.1 Factors Affecting Trap Efficiency Value......ccccereeenn. 4-18
4.6.9 Causes of Reservoir Losses and the Measures to

Control the Losses 4-18
4.7 Useful Life of Reservoir 4-19
4.8 Cost of Reservoir 4-19
4.8.1 Introduction 4-19
4.8.2 The Methods of Allocation of Joint Costs......cccuur 4-20
483 Equal Apportionment Method......cccneenmrerernsseenns 4-20
4.8.4 Use of Facility Method 4-20
4.8.5 Alternative Justifiable Expenditure Method.......4-20
4.8.6 Solved Examples 4-20
Chapter 5: Ground Water Hydrology 5-1 to 5-53

Occurrence and distribution of ground water, specific
yield of aquifers, movement of ground water, Darcy's
law, permeability, safe yield of basin, hydraulics of
wells under steady flow condition in confined and
unconfined aquifers, specific capacity of well, tube
wells, open wells and their construction. Water
logging and Drainage: Causes of water logging,
effects of water logging, preventive and curative
measures of water logging, land drainage,
reclamation of water logged areas, alkaline and saline
lands (no derivation of on spacing of drains), Water
Management: Distribution, warabandi, rotational
water supply system, participatory irrigation

management, co-operative water distribution systems

o= TechKnowledge
< .

ublications



¥F Hydrology & Water Resource Engg. (SPPU)

Table of Contents

a1
[y

5.1.1
5.1.2
5.1.3

5.1.4
5.1.5

5.1.6
5.2

521
5.2.2

5.2.3

5.3

531
5.3.2
5.3.3
5.4

5.4.1
5.4.2
5.4.3
5.4.4
5.4.5
5.5

551
5.5.2
553
5.5.4

5.6
5.6.1
5.6.2

5.7
571
5.7.2

Occurrence and Distributions of

Groundwater 5-1
Introduction 5-1
Geological Formation of Ground Water .........cccouevees 5-2
Porosity, Permeability, Specific Yields and

Specific Retention 5-2
Darcy’s Law 5-4
Zones of Underground Water / Sub-surface

Water 5-4
Classification of Aquifers 5-6
Hydraulics of Well Under Study Flow ...........cceu... 5-8
Introduction 5-8
Steady State Flow to Wells in

Unconfined Aquifer 5-9
Steady State Flow to well in

Confined Aquifer 5-11
Determination of Hydraulic

Properties of Aquifer 5-12
Introduction 5-12
Unconfined Aquifer 5-13
Confined Aquifer 5-13
Well Losses Specific Capacity of

Well and the Efficiency of Well.........ccecouerieenns 5-14
Introduction 5-14
Well loss 5-14
Specific Capacity of Well 5-15
Well Efficiency (Ew) 5-16
Interference Among the Wells......coooomreeercrrreenens 5-16
Classification of Wells 5-17
Introduction 5-17
A Dug or Open Well 5-17
Tube Wells 5-18
Comparison between Shallow Wells and

Deep Wells 5-22
Open Wells and their Construction........uuu.. 5-22
Introduction 5-22
Types of Tests for Calculating Yields

of an Open Well 5-23
Well Shrouding and Well Development........ 5-25
Well Shrouding 5-25
Well Development 5-26

5.7.3
5.8

5.8.1
5.8.2
5.8.3
5.8.4
5.9

591
5.9.2
593
5.9.4
595
5.9.6

59.7
5.9.8

5.10

5.10.1
5.10.2
5.10.3

5.11

5111
5.11.2
5.11.3

5.11.4
5.11.5
5.11.6
5.11.7
5.11.8
5.11.9
5.11.10

5.11.11
5.11.12

5.11.13

Mechanical Water Lifting Methods.....cc..oovceernneeeenes 5-28
Water Logging and Drainage ........cumemesessessenens 5-40
Process of Water Logging 5-40
Effects of Water Logging 5-40
Causes of Water Logging 5-41
Prevention of Water Logging 5-41
Drainage of Irrigated Land 5-42
Introduction 5-42
Types of Drains 5-42
Surface Drains 5-42
Drawbacks of Open Drains 5-43
Sub-Surface or Tile Drains 5-43
Advantages of Sub-Surface Drains

Over Open Drains 5-43
Limitations of Tile Drains 5-44
Spacing and Depth of the Tile

Drains 5-44
Reclamation of Land 5-46
Introduction 5-46
Reclamation of Saline and Alkaline Soils.............. 5-46
Method of Reclamation of Saline and

Alkaline Soils 5-46
Water Management 5-47
Introduction 5-47
Water Distribution System 5-47
Requirement of A Good Water

Distribution System 5-47
Methods of Water Distribution ... 5-47
Rotation Method 5-48
Advantages of Rotation Method ........ccceurereeersinenes 5-48
Disadvantages of Rotation Method ..........cccceurrmereeenes 5-48
Participatory Irrigation Management........cneen: 5-49
Need of Farmers’ Participation .......eerneeeens 5-49
Objectives of Farmers Participation

in Irrigation Management 5-49
Rules for the Co-operative Societies.....mmeenn: 5-50
Objectives of Water-User’s

Association (W.U.A) 5-50

Block System of Water

Distribution developed by Sir Visvesvaraya.......... 5-50

-
¥

TechKnowledge

Publications



¥F Hydrology & Water Resource Engg. (SPPU) 6 Table of Contents

5.11.14 Global Water Partnership 5-50 6.5.1 Introduction 6-13
5.12 The AWS (Automatic Weather Station).......... 5-51 6.5.2 Components of Sprinkler Irrigation System.......... 6-13
5.12.1 Introduction 5-51 6.5.3 Types of Sprinklers 6-13
5.12.2  Advantages of AW.S 5-51 6.5.4 Portability of Sprinklers 6-15
5.12.3  Classification of Auto Weather Stations..........coocc.... 5-51 6.5.5 Merits of Sprinkler Irrigation 6-16
5.12.4 Weather Instruments used in AW.S......coeeennnn. 5-52 6.5.6 Limitations of Sprinkler Irrigation .......eeenes 6-16
5.12.5  Merits of AW.S 5-52 6.5.7 Comparison between Flooding Method and
Sprinkler Method of Irrigation .......oeereeeerennnns 6-17
Chapter 6 : Introduction to Irrigation 6-1 to 6-61 6.6 Sub-Surface Irrigation 6-17
6.6.1 Introduction 6-17
Definition, functions, advantages and necessity, methods 6.6.2 Methods of Sub-Surface Irrigation.........eeenes 6-17
of irrigation, surface irrigation, subsurface irrigation, o
T ) . 6.6.3 Natural Sub-Irrigation 6-17
micro-irrigation, Water requirements of crops: Soil
6.6.4 Artificial Sub-Irrigation 6-18

moisture and crop water relationship, consumptive use

of water, principal Indian crops, crop seasons, crop water 6.6.5 Drip or Trickle Irrigation / Micro Irrigation........... 6-18

requirement: crop planning, agricultural practices, 6.6.6  Main Components of the Drip

calculations of canal and reservoir capacities — duty, Irrigation System 6-19

delta, irrigation efficiency, Piped distribution network for 6.6.6.1 Advantages of Drip Irrigation ........eeemneneeenes 6-19

irrigation  (PDN), Introduction, advantages and 6.6.7 Advantages of Micro-Irrigation. ... 6-19

disadvantages of PDN over conventional canal 6.6.8 Difference between Furrow

distribution network and its application. Assessment of Irrigation and Drip Irrigation System.................. 6-19

canal revenue: Various methods (area basis or crop rate 6.6.9 Differentiate between Sub-Surface

basis, volumetric basis, seasonal basis, composite rate Irrigation and Sprinkler Irrigation ... 6-20

basis, permanent basis or betterment levy basis). 6.7 Water Requirement of Crops ......msssssssssseens 6-20
6.1 Irrigation 6-1 6.7.1 Introduction 6-20
6.1.1 Definition of Irrigation 6-1 6.7.2 Soil Moisture and Crop-water Relationship............ 6-21
6.1.2 The Factors which Affect the 6.7.3 The Amount of Water to be

Choice of Methods of Irrigation.....eeeresesessssseeen 6-2 Applied and the Frequency of Irrigation.......cc.oe... 6-21

6.1.3 Uncontrolled or Wild Flooding Method ......cccccconeeeees 6-3 6.8 Duty of Water and Delta Improvement............. 6-22
6.2 Methods of Irrigation 6-3 6.8.1 Introduction 6-22
6.2.1 Introduction 6-3 6.8.2 Base of Duty of Water and Delta (A) ..coooeveeereirreeeenes 6-24
6.2.2 Surface Irrigation Methods 6-3 6.8.3 Place of Measurement of Duty Water ... 6-24
6.2.3 Controlled Flooding 6-3 6.8.4 Relationship between Duty, Delta
6.3 Furrow Method or Furrow Irrigation.......ceue. 6-9 and Base Period [Mathematical Relation] ........... 6-25
6.3.1 Introduction 6-9 6.9 The Factors Affecting the Duty of Water ........ 6-25
6.3.2 Types of Furrows 6-9 6.9.1 Introduction 6-25
6.3.3 Design Pattern of Furrows 6-9 6.10 Duty of Water 6-27
6.3.4 Advantages of Furrow Method......ccmrceeressnnneeenes 6-12 6.10.1  Introduction 6-27
6.35 Corrugation Method 6-12 6.10.2  Methods to Improve the Duty of Water ... 6-28
6.4 Contour Farming 6-12 6.11 Command Area and Intensity of Irrigation .....6-29

6.11.1 Introduction 6-29

6.5 Sprinkler Method of Irrigation ........ceesuessesesieas 6-13

o= TechKnowledge
SF lviations



¥F Hydrology & Water Resource Engg. (SPPU)

Table of Contents

6.11.2 Types of Command Areas 6-29 6.15.2  Cropping Season and Water Requirement.............. 6-41
6.11.3  Intensity of Irrigation 6-29 6.15.3  The Major Crops in India 6-42
6.11.4  Some Important Terminologies 6.15.4 The Water Requirement of the Crops in India.......6-42
Related to Water Requirement of Crops........c....... 6-30 6.155  Crop Planning 6-43
6.12 Consumptive Use of Water 6-32 6.15.6  The Crop Planning Methods 6-43
6.121  Introduction 6-32 6.15.7  The Rotation of Crops 6-43
6.12.2  Factors Affecting the Consumptive 6.15.8  Agricultural Practices in India .......ccreeemsneneeenes 6-44
Use of Water 6-32
6.15.9 Water Resources of India 6-44
6.12.3  Factors of the Consumptive use of
6.16 Assessment of Canal Revenue........cueneseeaens 6-45
Water 6-33
6.12.4  Potential Evapo-transpiration (PET) 6.16.1  Introduction 6-45
and Actual Evapo-transpiration (AET) ...t 6-33 6.16.2  The Methods of Assessment 6-45
6.12.5 Methods of Determining the 6.16.3  The Assessment on Area or Crop Rate Basis.......... 6-46
Consumptive Use of Water 6-34 | 6164 The Volumetric Assessment 6-46
6.13 Irrigation Efficiency (n,) 6-38 6.16.5 The Assessment on Seasonal Basis......ccoweermereeenes 6-46
6.13.1  Introduction 6-38 | 6.16.6 The Assessment on Composite Rate Basis or the
6.13.2  Water Conveyance Efficiency (M) .mmmsneens 6-38 Consolidated Assessment 6-47
6.13.3  Water Application Efficiency (N,) s 6-38 6.16.7 The Permanent Assessment or
6134  Water Use Efficiency (n,, 6-38 The Betterment Levy 6-47
6.13.5  Water Storage Efficiency (1N).mmmmemmsseesnn 6-39 6.17 Soil Water-Plant Relationship .wevwereereree 6-54
6.13.6  Water Distribution Efficiency (1g) ... 6-39 | 617:1 Introduction 6-54
. o 6.17.2  Composition, Texture and Structure of Soil............ 6-54
6.13.7  Consumptive Use Efficiency (1) mmmessessssssseseen 6-39
6.17.3  Texture of Soil 6-55
6.14 Irrigation Requirements of Crops ......ccuuuueuees 6-39
6.17.4  Structure of Soil 6-56
6.14.1 Introduction 6-39
6.17.5 Water Holding Capacity of SOil......cccermereemmmrsrereennes 6-56
6.14.2  Consumptive Irrigation Requirement (CIR) .......... 6-39
6.18 Soils in India 6-57
6.14.3  NetIrrigation Requirements (NIR) ....ccccoumueerrrereernanns 6-40
6.18.1 Introduction 6-57
6.14.4  Field Irrigation Requirement (FIR) .....ccccourenrmreernnnns 6-40
6.18.2  Classification of Soils in India ......cceeeremeereeeresreseennes 6-57
6.14.5  Gross Irrigation Requirement (GIR) .....cccouueerrereernanns 6-40
6.19 Soil-Water Relationship 6-59
6.14.6  Advantages of Drip Irrigation .......eeoseeeeessnns 6-40
6.19.1 Introduction 6-59
6.14.7 Limitations of Drip Irrigations.........ene 6-41
6.19.2  Classification of Soil-Water 6-59
6.15 Principal Indian Crops 6-41
6.15.1 Introduction 6-41
aaa

== TechKnowledge
¥ publications



