   Annexure-IV
Academic Curriculum for Master of Technology in

IRRIGATION WATER MANAGEMENT (IWM)

	Teaching Scheme
	Contact Hours per Week
	Exam. Duration (Hrs.)
	Relative

Weightage (%)

	S.No
	SUBJECT CODE
	COURSE TITLE
	SUBJECT AREA
	CREDITS
	L
	T
	P
	Theory
	Practical
	CWS
	PRS
	MTE
	ETE
	PRE

	1st YEAR                                                         I SEMESTER (AUTUMN)

	1.
	WR-501
	System Design Techniques
	PCC
	4
	3
	1
	0
	3
	-
	25
	-
	25
	50
	-

	2.
	WR-571
	Design of Irrigation Structures and Drainage Works
	PCC
	4
	3
	1
	-
	3
	-
	25
	-
	25
	50
	-

	3.
	WR-573
	Principles and Practices of Irrigation
	PCC
	4
	3
	1
	-
	3
	-
	25
	-
	25
	50
	-

	4.
	WR-575
	On Farm Development
	PCC
	4
	3
	1
	-
	3
	-
	25
	-
	25
	50
	-

	  5.
	
	Program Elective Course
	PEC
	4
	3
	1
	-
	3
	-
	25
	-
	25
	50
	-

	Sub Total
	20
	

	II SEMESTER (SPRING)

	1.
	WR-574
	Diagnostic Analysis
	PCC
	2
	-
	-
	4
	-
	-
	-
	50
	-
	-
	50

	2.
	
	Program Elective Course 
	PEC
	4
	3
	1
	-
	3
	-
	25
	-
	25
	50
	-

	3.
	
	Program Elective Course 
	PEC
	4
	3
	1
	-
	3
	-
	25
	-
	25
	50
	-

	4.
	
	Program Elective Course 
	PEC
	4
	3
	1
	-
	3
	-
	25
	-
	25
	50
	-

	5.
	
	Program Elective Course 
	PEC
	4
	3
	1
	-
	3
	-
	25
	-
	25
	50
	-

	6.
	WR-700
	Seminar
	SEM
	2
	-
	-
	-
	-
	-
	-
	-
	100
	-
	-

	Sub Total
	20
	

	Note: P.G. Diploma course in IWM shall be of ONE YEAR duration comprising of semesters I  and II only, with a minimum credits of 40

	2nd YEAR                                                                    III SEMESTER (AUTUMN)

	1.
	WR-701A
	Dissertation Stage I
	DIS
	12
	-
	-
	-
	-
	-
	-
	-
	-
	100
	-

	Sub Total
	12
	

	*  to be continued and grade to be awarded in the next semester

	IV SEMESTER (SPRING)

	1.
	WR-701B
	Dissertation Stage II (contd. From 3rd Semester)
	DIS
	18
	-
	-
	-
	-
	-
	-
	-
	-
	100
	-

	Sub Total
	18
	

	Total
	70
	


PROGRAMME ELECTIVES COURSES (IWM)
	1. 
	WR-503
	Water Resources Planning and Management 
	PEC
	4
	3
	1
	
	3
	-
	25
	-
	25
	50
	-

	2. 
	WR-504
	Applied Hydrology  
	PEC
	4
	3
	1
	-
	3
	-
	25
	-
	25
	50
	-

	3. 
	WR-513
	Earth and Rockfill Dams 
	PEC
	4
	3
	1
	-
	3
	-
	25
	-
	25
	50
	-

	4. 
	WR-516
	Rural and Urban Water Supply
	PEC
	4
	3
	1
	-
	3
	-
	25
	-
	25
	50
	-

	5. 
	WR-520
	Environmental Impact Assessment of Water Resource Projects
	PEC
	4
	3
	1
	-
	3
	-
	25
	-
	25
	50
	-

	6. 
	WR-522
	Climate Change and Water Resources
	PEC
	4
	3
	1
	-
	3
	-
	25
	-
	25
	50
	-

	7. 
	WR-572
	Soil and Agronomy 
	PEC
	4
	3
	1
	-
	3
	-
	25
	-
	25
	50
	-

	8. 
	WR-576
	Operation Maintenance and Management of Irrigation Systems
	PEC
	4
	3
	1
	-
	3
	-
	25
	-
	25
	50
	-

	9. 
	WR-577
	Water and Land Laws 
	PEC
	4
	3
	1
	-
	3
	-
	25
	-
	25
	50
	-

	10. 
	WR-578
	Rural Sociology and Irrigation Economics 
	PEC
	4
	3
	1
	-
	3
	-
	25
	-
	25
	50
	-

	11. 
	WR-579
	Evaluation of Irrigation Project 
	PEC
	4
	3
	1
	-
	3
	-
	25
	-
	25
	50
	-

	12. 
	WR-580
	Renewable Energy System Technology 
	PEC
	4
	3
	1
	-
	3
	-
	25
	-
	25
	50
	-

	13. 
	WR-581
	Water Quality Monitoring and Modeling 
	PEC
	4
	3
	1
	-
	3
	-
	25
	-
	25
	50
	-

	14. 
	WR-582
	Theory of Seepage
	PEC
	4
	3
	1
	-
	3
	-
	25
	-
	25
	50
	-

	15. 
	WR-583
	Remote Sensing and GIS Applications in Agriculture 
	PEC
	4
	3
	1
	-
	3
	-
	25
	-
	25
	50
	-

	16. 
	WR-584
	Cropping System Modeling 
	PEC
	4
	3
	1
	-
	3
	-
	25
	-
	25
	50
	-

	17. 
	WR-585
	Environmental Impact of Irrigated Agriculture 
	PEC
	4
	3
	1
	-
	3
	-
	25
	-
	25
	50
	-

	18. 
	WR-586
	Groundwater Development and Management 
	PEC
	4
	3
	1
	-
	3
	-
	25
	-
	25
	50
	-

	19. 
	WR-587
	Watershed Development and Management 
	PEC
	4
	3
	1
	-
	3
	-
	25
	-
	25
	50
	-


PROGRAM CORE COURSES (IWM) 
WR-501 System Design Techniques 
System concepts: Boundary, environment, input, output and constraints; Open and closed systems; System modeling, water resources systems, issues in system application; Operation research approach to system analysis . Linear programming: Model formulation, graphical method, simplex procedure- two phase, big-M, dual simplex, primal-dual simplex, modified simplex procedures; Upper bounded solutions, sensitivity analysis. Transportation problems: Basic feasible solution techniques, testing for optimal solution; Integer and mixed integer problems, assignment problems, applications for efficient water resources management. Non linear programming (NLP): Separable and convex programming problems, quadratic programming, unconstrained and constrained NLPproblems, chance constrained programming, method of calculus, search techniques. Dynamic programming: Optimality principle, deterministic and stochastic dynamic programming, application to water resources problems. Decision making: Value and utility concepts, goal programming, decision theory and decision trees, decision making under risk and uncertainty, theory of games; Multi criteria decision making- distance  based and compromise techniques. 

WR-571 Design of Irrigation Structures and Drainage Works 
Planning and layout of irrigation system: Necessity, advantages and types of irrigation, techniques of water distribution, alignment. Crop water requirement: Duty, delta base period, irrigation efficiencies, consumptive use, net irrigation requirement, frequency of irrigation; canal capacity, rotational delivery, conveyance and seepage losses. Design of lined and unlined channels: Design for clear and sediment laden water, principles of maximum and minimum permissible velocities, theory of sediment transport, regime concept; Kennedy theory; Lacey`s theory; economics of canal lining, discharge measuring devices. Design of distributary head regulator and cross regulator: Hydraulic design principles, seepage theory, exit gradient, invert filter,  protection works. Design of canal falls/drops: Definition, location and types of canal falls, design principles of vertical drop and fall, Sarda type fall; Glacis type fall; canal escape and their function as safety valve. Water logging: Causes of water logging, types of drainage system, surface drains; layout and design of surface drains their operation and maintenance. Flood control/protection: Design flood and its importance, flood management, structural and non-structural measures 

WR-573 Principles and Practices of Irrigation 
Introduction, basic definitions and approach, water resources and its status, problems of irrigation development Soil water plant atmosphere relationship, monitoring of crop water stress and soil moisture, water uptake and release in the atmosphere and root zone, consumptive use determination from field and Lysimetric experiments Rainfall-runoff analysis, water availability assessment, infiltration, hydraulic conductivity and water balance study Approaches of estimating reference crop evapotranspiration, crop coefficient; Effective rainfall, net irrigation requirement, gross irrigation requirement, project irrigation requirement; Preparation of water demand sheet Crop growth stages; Soil moisture depletion; Miscellaneous uses of irrigation Basin, border, furrow, sprinkler and drip irrigation and their design procedures; Evaluation of irrigation performance; Irrigation pumps; Automation in irrigation Water quality testing, classification, treatment and management; Groundwater quality contamination, effluent and wastewater use in agriculture 
WR-575 On Farm Development 
Introduction, techno-economic and environmental issues of canal commands; Command area development programme-Objectives and approach. On Farm Development Planning- Delineation of watershed, land acquisition, delineation of farm roads, field channels, field drains and escapes; Land leveling, shaping and earth work estimation. Identification and reclamation of waterlogged and salt-affected lands through cultural, chemical and engineering practices. Water distribution practices in India and other neighboring countries in canal, tube well, small storage and diversion structures; On farm system design- Modernization   and rehabilitation of water-courses and their structures. Agricultural extension- Farmer's organization, leadership development and linking farmers- with agriculture, irrigation and financing; Rural and infrastructural development agencies. Participatory irrigation management- Irrigation management transfer, responsibility of irrigation department and farmers' organization, constitution, laws and bye laws, social, economic and environmental control of water users' society. Runoff recycling, planning mixed use of fresh and effluent water in agriculture. Conjunctive use planning- Use of surface and ground water to improve water productivity, safeguard against land degradation and environmental protection; Sub surface drainage- Layout and Design. 

PROGRAMME ELECTIVES 
WR-503 Water Resources Planning and Management 
Objectives of water resource development; needs and opportunities; societal goals. Spatial and temporal characteristics of water resources; constraints for its development like non-reversibility; planning r e g i o n and horizon. Financial analysis of water resources projects; allocation of cost of multipurpose projects; repayment of cost.  Demand for drinking water; irrigation, hydropower; navigational; planning for flood control. Characteristics and functions of reservoir; reservoir sedimentation; conservation storage; conflict among uses, Reservoir operation studies -effect on river regime; long term simulation; reliability; resiliency and vulnerability assessment. Ground water evaluation; conjunctive use of surface and ground water. Discounting techniques; benefit cost parameters; estimation of benefits and costs; appraisal criteria; social benefit cost analysis. Basin planning; inter-basin transfer of water. Environmental impacts assessment guidelines and case studies. 

WR-504 Applied Hydrology 
Introduction: Hydrologic design requirements, hydrologic cycle, classification of processes and models Hydrologic Data: Observation and collection; Processing -supplementing, consistency checking, corrections and presentation Frequency Analysis: Probability distributions, statistical analysis, return period of flood and storm, outliers, regional flood frequency, confidence interval and goodness of fit Rainfall runoff models: Empirical, conceptual and physical; Unit hydrograph; Decisions with inadequate hydrologic data Hydrologic Design: Design criteria, dependable yield, design storm, design flood estimation, reservoir and channel routing Flood Forecasting: Travel time, correlation, telemetry, gage and discharge forecasting Elements of Groundwater Hydrology: Ground water recharge, ground water balance, aquifer properties 
WR-513 Earth and Rock Fill Dam 
Materials properties of soils: Pore pressure parameters; Hilf Bishop method; Shear strength of soils; Mohr Coulomb failure criterion; Factors contributing to slope failure Design criteria: Types of earth dams; Design considerations- Freeboard calculations, dam section, upstream slope protection; Design considerations in earthquake regions; Filter design; Causes of damage and failure, typical case studies. Seepage control: Control of seepage through earth dam on pervious soil foundation and on impervious base; Cutoff trench; Sheet pile; Alluvial grouting; Slurry trench; Horizontal upstream blanket; Relief wells; Loading berm; Treatment of rock foundations and grouting Stability analysis: Total and effective stress methods of analysis; Standard method of slices, Simplified Bishop method; Wedge method; Stability conditions during construction, full reservoir and reservoir drawdown Analysis of dam: Introduction to finite element method (FEM); FEM analysis of dams; Nonlinearity in soils Rockfill dam: Considerations favouring choice of a rockfill dam; Principles of design; Selection of materials; Stability analysis by wedge method, Different types of impervious cores and their locations; Different types of face members; Settlement in rock fill dams; Procedure for placement and compaction of rock fill Instrumentation in earth dams: Measurements of deformations, pore pressures; Quality control; Foundation preparation and treatment; Quality control of materials and control of moisture, laying and compaction; Tests for quality control; Diversion during construction 

WR-516 Rural and Urban Water Supply 
Introduction: Planning and preparation of water supply schemes for rural and urban areas; Issues in water supply for hilly and coastal regions, regional and national perspective; Water pricing Water Demand: Population forecasting, assessment of domestic, fire, industrial and public demands, demand management Water Supply Sources: Surface and sub-surface, selection, protection, contamination protection zone, estimating potential yield and sustainability; Design of wells Water Quality: Drinking water quality parameters, comparison of international and national codes, physical and chemical treatment processes, disinfection and appropriate technologies for water treatment Components of Intake Works: Sizing water mains, pumps for water supply, pumping station, pipe appurtenances, pipe materials, laying of pipes, design of water distribution network and allied works. Water Distribution Networks: Flow through pipes, equivalent pipes, solving pipe network flow problems, use of computer software for network analysis 

WR-520 Environmental Impact Assessment of WaterResources Projects 
Introduction: Human concern; Need for environmental impact assessment (EIA); Requirements and levels of EIA; Potential impacts of water resource development projects EIAProcedure: Screening, baseline data, scoping, terms of reference (TOR) Environmental Clearance: Guidelines, acts and legislations,  codes and country practices Environmental flow: River as habitat, downstream direct and indirect uses, criteria and methods of assessment Soil and Water Quality Management: Effect of project development on soil and water quality, water logging, soil salinity, and contamination, remedial measures Rehabilitation: Submergence effects, rehabilitation guidelines, planning, and procedures Monitoring: Parameters to be monitored, frequency of monitoring, reporting procedures Remote Sensing and GIS Applications: Monitoring of land use changes, digital elevation model (DEM), assessment of land degradation, catchment area treatment plan Simulation Exercises and Case Studies 

WR-522 Climate Change and Water Resources 
Introduction to atmospheric science; Earth, its atmospheric cycle and its relation with climate; Green house gas and climate change; Earth and green house effect; Past climate change; Lessons from history; Present and future climate changes Ecological effect on freshwater systems- surface water, ground water and glaciers; Agriculture; Marine environment; Causes, human dimension- impact of human settlement and infrastructure, environmental quality Analysis for climatic change assessment, statistical analysis of long-term meteorological and hydrological data; Trend analysis Available climatic models such as GCM; Hydrologic models such as SWAT and Mike11; Downscaling of GCM to regional/local scales Mitigation- capture of sequester carbon emissions, reducing global warming, renewable energy technologies, efficient use of energy Policy, laws, economics, benefits and costs of mitigating climate change, international cooperation  
WR-572 Soil and Agronomy 
Introduction: Scenario of agriculture in the world characterization of irrigated and rain-fed agriculture. Crops and plants: Definitions, morphological and physiological features, classification, adaptation and ecology. Agro-climate: Elements of weather, analysis of weather data and agro-climatic classification, biomass production potential assessment and yield estimation. Soils: Physical, chemical and biological properties, Taxonomic classification and characterization. Soil survey for land evaluation: Irrigability and drainability   classification, evaluation and productivity assessment of land. Principles and practices of cultivation of crops: Husbandry of cereal, pulses, oilseeds and cash crops; package and practices of crops. Agro Technology Software: Use of computer software like Decision Support System in Agro Technology Transfer (DSSAT) and other crop yield models. Statistical analysis of experimental data: Field experimental techniques; yield estimation and production forecasting. Optimization Techniques: Application of system techniques in crop planning and management 

WR-576 Operation Maintenance and Management of Irrigation Systems 
Definition of terms, elements of organizational management; Comparative analysis of irrigation organization, organizational change mechanism. Maintenance problems- physical and social phenomena, examples; Maintenance types- essential, structural, catch up, preventive and normal; Budget control and accountability development of maintenance program.Maintenance practices- catchment protection to check soil erosion, headworks; Maintenance of channels, structures, communication and ancillary works; Maintenance of tertiary systems and drains. Diagnostic analysis of operation and maintenance of a canal system; Purpose, planning, field work, walk-through survey, field experiments, report preparation and presentation. Reservoir and canal operation- reservoir operation rules for flood control and water supply; Canal capacity, discharge measurement, water allowance, water distribution, planning and sharing in water deficit. Automatic regulation of canal operation- concept of automation, hardware and software requirements, gate discharge, pool volume control; Algorithm for canal operation. Information management- geographic information system based record keeping and analysis, information flow and feedback. Water charges, revenue recovery and performance budgeting. 

WR- 577 Water and Land Laws 
Water laws in India: Basic concepts of resource economics applied to water resource management, fugitive nature of water resources, common property rights; Constitutional right, surface and ground water use  regulations. National policies: Agriculture, water, forest and science policies; North India canal and drainage act. Land laws in India: Legal aspects of land ownership, inheritance, disputes and their resolution. Environmental protection act: Rules and regulation, effluent disposal and pollution control laws. Water rights: Comparative analysis of surface and subsurface water rights, legal procedures for establishment of water rights, groundwater legal issues, group versus individual rights. Water disputes and their resolution: Interstate, inter-basin and trans-boundary disputes; Conflict resolution, development of accountability mechanism. Organizational setup: Water boards and authorities; Case studies of users' interactions with government agencies. 

WR- 578 Rural Sociology and Irrigation Economics 
Rural sociology: Elements of rural sociology, social structure and their interaction, moral values, irrigation for social service and rural development. Social structure: Rural psychology, leadership, communication and motivation for effective governance. Panchayati raj act: Panchayati raj institution and rural development programs. Social upliftment: Social conflicts and their resolution, role of NGOs and women in irrigation management. Principles of economics: Definitions, basic concepts of water resource economics, analysis and project planning for irrigation management.Farm accounting: Production response, functions of irrigation application. Pricing of water: Socio-economic aspects, time-value of money, determination of demand; Pricing policy- guidelines and estimation. Socio-economic surveys: Principles and guidelines. 
WR- 579 Evaluation of Irrigation Projects 
Introduction: Need for evaluation of irrigation projects; Principles of system diagnosis, health of an irrigation system for its functioning. Cropping system: Cropping pattern, cultivation techniques, crop diversification, intensification and rotation; Yield estimation. Performance evaluation: Benchmarking, guidelines and procedures for command area project evaluation. Water productivity: Modern concepts, economics, limits and opportunities for improvement, management of floods and droughts. On farm system: Field level assessment of efficiencies, efficient use of rain water. Main system: Basic concepts of irrigation systems, system boundaries, interaction between environment and system, system deficiency. 

Socio-economic: Social structure, per capita income, livelihood improvement. 

WR- 580 Renewable Energy System Technology 
Renewable energy: Definition, history, current state-of-the-art, future use and penetration of renewable energy technologies; Types of renewable energy sources -Solar radiation, tidal and waves, hydro cycle, geothermal . Solar thermal energy conversion technologies: Nature of solar radiation; Insolation; Measurements and estimation; Physical principles of conversion of solar radiation into heat; Flat plate collectors, energy balance equation and collector efficiency, concentrating collectors and flat plate collectors, solar thermal electric power generation. Solar photo voltaic systems: System components and configurations, cells, modules, and arrays, batteries, charge controllers, inverters, system sizing, mechanical integration, electrical integration, utility interconnection. Wind energy: Wind characteristics, data analysis and resource estimation; Wind turbine energy prediction; Measurement of wind velocity and direction; Wind turbine configurations- drag and lift types; Magnus effect in wind turbines; Vortex wind machines; Electric generators for wind turbine application; Power converter, auxiliary equipment; Wind turbine control; Wind turbine sitting considerations; System economics; Environmental aspects and impacts. Tidal power: Tidal phenomena, historical background, basic aspects of tidal power development and tide mills; Tidal power project components; Design considerations- Selection of tidal power sites, feasible tidal range, preliminary design and productivity considerations; Tidal barrier construction techniques- dikes, types of float in modules, concrete caissons. Bio mass energy: Biomass conversion technologies, generation, bio-digestion; Classification of biogas plants– floating drum type and fixed dome type; Thermal gasification of biomass; Biomass gasifiers; Gasification process, application of gasifiers for electricity generation; Pyrolysis and alcohol fuels. Other renewable energy sources: Wave energy and ocean thermal energy conversion technologies; Geothermal energy sources, geothermal exploitation, prime-movers for geothermal energy conversion system, material selection for geothermal power plants, flashed steam and total flow concept. Applications: Application to micro-irrigation, rural water supply, water and waste water treatment, special conditions of preference – off grid and remote  areas; cost effectiveness, use of software. 

WR-581 Water Quality Monitoring and Modelling 
Water quality parameters: Physical, chemical and biological parameters of natural water bodies like lake, river and estuary; Water quality standards, Eutrophication; Sources of pollution, mass bathing impacts, waste load allocation. Water quality monitoring: Physical, chemical and biological monitoring of rivers; Guidelines for sample size and location of monitoring stations, Sample analysis. Modelling: Characteristics of point and non-point sources of pollution; Solution of diffusion and dispersion problems; Water quality models, case studies. Water purification: Physical, chemical and biological processes, response of streams to biodegradable organic waste; Engineered systems for water and waste water purification. Groundwater quality: Parameters; Sources of salinity, short and long term monitoring; Remedial and preventive measures. 

WR-582 Theory of Seepage 
Fundamentals, characteristics and boundary conditions of groundwater flow; Darcy's law; General hydrodynamic equations; Flownet. Application of Dupuit theory; Basic consideration; Two dimensional flow; Free surface subject to infiltration and evaporation; Radial flow in fully penetrating well. Conformal mapping and special mapping techniques; Application of mapping function; Fundamentals of solution of two dimensional flow problems by conformal mapping; Bilinear transformation. Unconfined flow through earthen structures and its seepage analysis; Unconfined flow around cutoffs; Earth structure with a cutoff wall and  with horizontal drain; Rockfill dams with central core and seepage analysis. Confined flow, methods of solving confined flow problems; Hydraulic structure on surface of finite depth of porous media; Inclined sheet pile; Finite lower impervious boundary; Depressed structure on a permeable base of infinite extent; Double-wall sheet-pile cofferdam. Seepage from small water bodies, reservoirs and canals; Seepage towards well- steady and unsteady flows; Stream-aquifer interaction. 

WR-583 Remote Sensing and GIS Applications in Agriculture 
Introduction, history of remote sensing, sensors, platforms and their characteristics; Satellite data products. 

Principles of remote sensing and data analysis, electromagnetic spectrum, atmospheric effects, energy interaction with earth surface features, basic interaction mechanism of soil, vegetation and water. Image interpretation virtual and digital; Image rectification, image enhancement, image classification and accuracy assessment, use of image processing software. Geographical information system (GIS), definition, essential components of GIS, spatial data structure- raster and vector, spatial and non-spatial relationship, geographic database concepts and analysis, GIS packages and salient features. Use of remote sensing and GIS techniques in agriculture, vegetation cover mapping, crop acreage estimation and disease detection. Application of remote sensing and GIS for estimation of surface and groundwater irrigation potential, erosion hazard assessment, water quality assessment, flood inundation mapping and modeling; Drought monitoring; performance evaluation of irrigation commands; Selection of site for artificial recharge, agricultural management and planning. 

WR- 584 Cropping System Modeling 
Introduction: Need of crop modeling, crop modeling, advanced crop cultivation techniques. Constraint analysis:  Crop, soil and hydrological constraints, analysis of problems, remedies for optimal crop yield. Agricultural lands problems:  Land and water degradation problems due to use of fertilizers, water and agro-chemicals. Crop diversification: Need, process and forms; Crop intensification, intensive cropping systems. Systems approach: Use of linear programming  in crop planning and management. Crop models: Use of CROPWAT for  yield estimation, water uptake and  nitrogen uptake forecasting. Decision support system (DSS): Basic concepts, development of DSS for agro-technology transfer. Remote Sensing & GIS application: Introduction to remote sensing & GIS and application for yield forecasting. 

WR- 585 Environmental Impact of Irrigated Agriculture 
Introduction: Definition, basic environmental issues in irrigated agriculture, scope. Ecology: Flora and fauna in irrigated areas, soil and water-borne pathogens of crops and trees, fertility and productivity of lands. Ecological adaptation: Competition, adaptation and adoption of crop and weeds under variable soil moisture condition. Nutrient and water balance: Organic carbon, major and micronutrient requirements of crops and soils, nutrient and water use efficiency; Model studies in nutrient and water balance studies. 

Soil, water and plant chemical analysis: Collection of samples, preparation of standard solution and analysis; Use of advance techniques for chemical analysis. Climatologically changes in irrigated areas: Soil degradation; Crop extinction; Human and animal diseases. Microclimate: Micro environment study of field crops, instrumentation for microclimatic study. Field studies: Project work on field observation, recording of data and statistical analysis. 

WR-586 Groundwater Development and Management                                        
Use of groundwater and its impact on irrigation water management; Hydrologic properties of water bearing formation, occurrence, storage and distribution of groundwater; Use of groundwater zone maps; Groundwater resource assessment and budget. 

Surface investigations of groundwater; Well hydraulics- steady and unsteady flows; Water wells- test holes and well logs; Design, construction and development of shallow and deep wells, design of screen and gravel packs. Pumps and their selection, installation and testing of pumps; Monitoring and maintenance of wells, causes of failure. Ground water conservation and artificial recharge, sustained yield, water balance equation; Ground-water and surface-water interaction, interference of wells; Watershed conservation measures in irrigation commands. Groundwater flow parameter estimation; Groundwater simulation and conjunctive use models, comparative analysis for management of conjunctive use system. Groundwater quality- agricultural sources of pollution, causes and monitoring; Technical, socio-economic and organizational aspects of groundwater management. 

WR-587 Watershed Development and Management 
Components of watershed and need of watershed management; Principal factors influencing watershed operations; Delineation of watersheds; Engineering surveys; Data requirement. Watershed hydrology, water resources assessment in watershed, hydrological cycle; Surface water assessment- rainfall-runoff analysis; Groundwater assessment, infiltration and its measurement. Watershed Behavior- Physical elements of watershed, effects of land use changes on hydrological cycle components, watershed experiments. Land capability classification; Erosion process- factors affecting erosion, types of erosion, soil erosion models. Engineering measures for soil and water conservation- Contour bunding, graded bunding, bench terracing, land leveling and  grading; Small storage structures- Types and design data requirement, loose boulder dams, gabions, check dams and their design criteria.. Rainwater harvesting, direct and indirect methods, filter design, planning and design; Layout and execution; Impact assessment,  operation and maintenance issues. Watershed management plan- Methodology of planning a watershed, identification of watershed problems, socio-economic issues including application of Remote sensing and GIS in watershed management. 
