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A. INTRODUCTION 

Fresh water on the earth is available in finite quantity and increasing demand of 

water can only be met with proper planning and management of available water 

resources. Thus the monitoring of the resources for the effective planning and 

management in the water sector has become most important aspect today. The National 

Water Policy of India (2002) has also placed emphasis on development and management 

of water resources in an integrated manner. Efficient development and optimum 

utilization of water resources, therefore is of great significance to the overall 

development of the country.  

Many hydrological models were developed in past to study the behavior of a 

watershed to climatological inputs. Outputs of such models can be further analyzed using 

system techniques for efficient development and management of large scale water 

resources systems for which the conventional methods of analysis are generally 

inadequate. The present study on, “Modeling and management of water resources for a 

water supply and irrigation project”, is therefore undertaken to develop modeling and 

management framework for a catchment. 

A1. Role of long term hydrologic simulation 

Long term daily hydrologic simulation is useful in augmentation of hydrologic 

data for water resources planning and management and watershed development. 

Simulation models can be formulated by representing different hydrological processes 

operating on a watershed using appropriate physical laws. However, the natural systems 

are complex and large; it is unlikely to have complete representation of every process 

existing in the system. It is possible to identify and understand the response of major 
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processes as accurately as possible, and this, in turn, allows simplification of the system. 

For practical application, such simplified models are of immense use. 

A2. Role of system analysis in water resources management 

System analysis techniques which involve optimization technique and simulation 

have been accepted in decision making process for design and operation of water 

resources systems. Optimization models determine the plan that should be adopted to 

satisfy specified decision criteria; while simulation model demonstrates what will happen 

if a specified plan is adopted. Optimization models can be used to screen the set of 

possible plans and to select a small number of them seen worthy of simulation (Jacoby 

and Loucks 1972). 

System analysis is that set of mathematical planning and design techniques that 

include al least some formal optimization procedure. Reservoir yield model is one of the 

tools for operation of reservoir system. Reservoir yield estimation plays an important role 

in water resources development and management. 

A3. Role of Remote Sensing and GIS 

Remote Sensing and GIS techniques are being increasingly used for planning, 

development and management of natural resources. GIS technology helps in integrating 

various data sets and spatial analysis for decision making. Data acquired through remote 

sensing satellite can help us in mapping land and other resources in spatial and temporal 

domain. These technologies presently being used for solving watershed related problems 

like watershed planning, development and management which aims to harness all natural 

resources for sustainable development. Thus Remote Sensing and GIS together provide 

information base for efficient management of water resources.  

B. BRIEF REVIEW OF LITERATURE 

B1. Hydrological modeling 
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A multitude of models exist for hydrological simulation in literature.. Singh 

(1995) summarized 26 popular models from around the globe. Wurbs (1998) listed a 

number of generalized water resources simulation models in seven categories and 

discussed their dissemination. 

Hydrological models available in literature vary in description of the components 

of hydrologic process, structure, number of parameters they require, complexity level, 

error and risk analysis and output generated. Despite large development in different types 

of hydrological models, their use has not yet become standard tool in hydrological 

practice in many countries including India, as most of basins in India are ungauged and 

very little hydrological data is available. Thus there is need to develop simple models 

capable of providing reasonable hydrological assessment with minimum data.  

Natural Resource Conservation Service Curve Number (NRCS-CN), previously 

familiar as Soil Conservation Service Curve Number (SCS-CN) method (SCS, 1956, 

1964, 1971, 1993) is simple, easy to understand and useful tool for runoff assessment 

from ungauged watersheds. It accounts for the major runoff producing watershed 

characteristics, viz., soil type, land use/treatment, surface condition and antecedent 

moisture conditions (AMC) (Ponce and Hawkins, 1996; Mishra and Singh, 2003a; 

Mishra et al., 2004, 2005).  

Although the SCS-CN method was originally developed in the United States and 

mainly for the evaluation of storm runoff in small agricultural watersheds it soon evolved 

well beyond its original objective. Its scope also expanded beyond the evaluation of 

storm runoff and it becomes an integral part of more complex, long term simulation 

models (Williams and LaSeur, 1976; Huber et al., 1976; Hawkins, 1978; Knisel, 1980; 

Soni and Mishra, 1985; Mishra, 1998; Pandit and Gopalakrishnana, 1996; Mishra and 

Singh, 1999a, 2002b, 2003a,b, 2004a; and Mishra et al., 2004b; Michel et al., 2005;  Sahu 

et al., 2007; Geetha et al., 2007; Kannan et al. 2008; Kim and Lee 2008) and many 

others. 
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Williams and Laseur (1976) were the first to incorporate soil moisture accounting 

procedure in SCS-CN methodology for continuous hydrological simulation. This model 

computes daily rainfall-excess using antecedent 5-day rainfall dependent CN values. 

They linked potential maximum retention (S) with the soil moisture (M) using absolute 

potential maximum retention (value of which equals to 20 inches). In brief, this is one 

parameter model with one day time step or any other pre-determined time interval. 

However, it has limitations as it utilizes an arbitrarily assigned value of 20 inches for 

absolute potential maximum retention and simulates runoff on monthly and annual bases 

although runoff is computed daily, treating rainfall of a day as a storm. 

Hawkins (1978) developed a daily simulation model by relating 

evapotranspiration (ET) and CN to formulate a continuous soil moisture accounting 

procedure for use in curve number based continuous hydrologic simulation model. This 

model accounts for site moisture on a continuous basis using a volumetric concept, which 

overcomes the limitations Williams and LaSeur (1976) model. The main limitation of this 

model is its inability to distinguish the dynamic infiltration from static one and the 

interim drainage is coupled with evpotranspiration intuitively.  

Smith and Williams (1980), while modifying SCS-CN method, suggested 

expression for retention parameter S by introducing weighing factor to account the soil 

moisture in the soil profile. They reduce the CNII (CN for AMC II) to CNI (CN for AMC 

I) and then adjust it to the moisture distribution in the soil profile using the weighing 

technique, which avoid the sudden quantum jumps in the CN values when shifting from 

one AMC level to the other. 

Pandit and Gopalakrishnan (1996) suggested a continuous simulation model for 

computing the annual amount of runoff for computing annual pollutant loads. This model 

determine the actual AMC based on the previous 5-day rainfall and modify CN such that 

CN does not exceed 98 which is contradict the original SCS-CN concept which states that 

CN values lies between 1 to 100. However, this model allows sudden jump in CN values 

and ignores evpotranspiration, drainage contribution and watershed routing.  

Mishra et al. (1998) suggested a model based on existing SCS-CN method. They 

described the antecedent moisture conditions (AMC) based on the NEH-4 table and 
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varied CN with time t dependent on AMC (Ponce and Hawkins, 1996) only. The 

computed rainfall-excess Q is transformed to direct runoff amount (RO) using a linear 

regression approach. Taking base flow (Ob) as a fraction of F along with the time lag, the 

total daily flow, Q(t), is computed as the sum of RO(t) and Ob. The model parameters 

were optimized by minimizing the sum of squares of errors between the computed and 

observed runoff. The advantage of the Mishra et al. (1998) model is that it allows the 

transformation of rainfall excess to direct runoff and takes into account the base flow, 

enabling its application to even large basins. However, this model allows sudden jumps 

in CN values while changing from one AMC to another AMC level. Also this model does 

not distinguish between dynamic and static infiltration. 

While eliminating most of the limitations of Mishra et al. (1998) model, Mishra 

and Singh (2002) modified the first hypothesis of the original SCS-CN method by 

including antecedent moisture. They extended this approach by dividing the total 

infiltration (F) into the dynamic portion of infiltration (Fd) and the static portion of 

infiltration (Fc) and gave an expression for water balance. This leads to development of 

modified form of SCS-CN model with dynamic infiltration, static infiltration and soil 

moisture.  

Mishra and Singh (2004) developed more versatile long term hydrological model 

based on the modified SCS-CN method. They described the water balance equation and 

modified SCS-CN runoff of Mishra and Singh (2002), by discretizing them for time t. 

Retention parameter S(t) is calculated by considering the evapotranspiration ET(t) and 

the soil moisture M(t). They also expressed the evapotranspiration ET(t), in terms of pan 

coefficient (PANC) and absolute potential maximum retention. This model also has 

limitation that it allows sudden jumps in CN values when changing from one AMC level 

to other. 

Michel et al. (2005) critically reviewed soil moisture accounting procedure that 

lies behind SCS-CN method and unveils major inconsistencies in the treatment of 

antecedent condition in SCS-CN procedure. Michel et al. (2005) hypothesize that the 

SCS-CN model is valid not only at the end of the storm but at any instant along a storm. 

Their findings are based on an analysis of the continuous soil moisture accounting 



International Journal of Advanced Scientific and Technical Research         Issue 3 volume 5, Sep.-Oct. 2013                  

Available online on   http://www.rspublication.com/ijst/index.html                                      ISSN 2249-9954 
 

R S. Publication, rspublicationhouse@gmail.com Page 622 

 

procedure implied by the SCS-CN equation. Their SMA procedure is based on the notion 

that higher the moisture store level, higher the fraction of rainfall that is converted into 

runoff. They developed a procedure that is more consistent from SMA viewpoint, by 

introducing term V0 i.e. initial soil moisture store level, but fails to give expression for the 

same. It was shown that several flaws plague the original SCS-CN procedure, the most 

important one being confusion between intrinsic parameter and initial condition and 

incorrect use of SMA procedure. However this can be amend with change of the 

parameter and a sounder perception of underlying SMA procedure.  

Sahu et al. (2007) attempted advanced soil moisture accounting procedure for 

SCS-CN method. He extended the concept of SMA proposed by Michel et al. (2005) and 

proposed an expression for developing continuous equation of „V0‟ i.e. initial soil 

moisture, based on the some assumption given by Mishra and Singh (2002), and 

performance of the same was compared with the original SCS-CN method and Michel 

model and found that the new proposed model produce results significantly better than 

original SCS-CN model and Michel model. Also this model obviates sudden jumps in 

„V0‟, a major drawback of both original SCS-CN method and Michel model. Although 

they gave expression for „V0‟ i.e. initial soil moisture, but they never tested it on 

continuous data. However, there is scope for refining the SMA procedure by including 

variation of CN with antecedent rainfall and moisture and eliminating some of the 

assumptions involved. 

Geetha et al. (2007) made an attempt to obviate sudden jumps in CN values when 

chaining from one AMC level to other by modifying the existing SCS-CN method in two 

ways viz., varying the CN using antecedent moisture condition and by using antecedent 

moisture amount. In this model, the curve number is attributed to antecedent moisture 

amount rather than antecedent moisture conditions. It was found that the proposed 

models reasonably simulated the catchments response and these SCS-CN-based models 

were applicable to complex natured watersheds lying in different climatic regions of 

India. 
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Kannan et al. (2008) developed a simple one-parameter continuous soil moisture 

accounting methodology using expression given by (Williams et al., 2000) for 

evapotranspiration and precipitation, for use in the SCS-CN procedure for continuous 

hydrological simulation. They analyzed behavior of different combinations of ET 

methods, viz., Penman-Monteith and Priestley-Taylor and two CN methods, viz., existing 

and newly developed soil moisture accounting procedure, with four possible 

combinations and showed that combination of the new CN method and Penman-Monteith 

method outperformed the existing CN method by producing better results. Results of this 

study also showed that for ET–CN (Penman-Monteith method and new CN method) 

combination, surface runoff and subsurface flow are very sensitive and ET is less 

sensitive to variations in the depletion coefficient parameter of the new CN method. 

However, the rainfall amount used in this method is not that of the current day, but that of 

the previous day. Therefore, this method does not take into account the effects of the 

amount of rainfall on a given day. Also there is need to apply proposed soil moisture 

accounting procedure for different type of watershed for substantiate this method. 

Kim and Lee (2008) introduced temporally weighted average curve number 

method (TWA-CN) for daily runoff simulation while considering the rainfall during a 

given day and antecedent soil moisture condition. Their method was based on the notion 

that existing models uses a daily time step to generate time series estimates of stream 

flow, and define a rainfall event as the total sum of all rainfall that occurs during the 

calendar day ignoring the number of storms and distribution of rainfall within a day. 

They proposed an expression for computation of weighted average CN for the current 

rainy day, by introducing new parameter as temporal weight which varies from 0 to 1, 

representing the degree of effect of increase in soil moisture on the current rainy day. 

They assessed the proposed temporally average CN method by incorporating it in the 

semi-distributed watershed models, SWAT and its enhance model, SWAT-G and showed 

that this method is most suited to the estimation of high peak flows. However, this 

method mostly overestimates very low path flows. Also there is need for research in 

procedure for estimation of the temporally weight parameter and concept need to be 
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tested on watersheds with diverse climatic conditions. The proposed TWA-CN method in 

combination with methods developed by Kannan et al. (2008) may provide more realistic 

runoff predictions by combining their special abilities. 

With connection to long term hydrologic simulation modeling, another interesting 

fact is that, many hydrologists believe that only a portion of the watershed area 

contributes runoff to the storm rainfall. The contributing area found to be a function of 

the storm duration and intensity and rather than being uniformly distributed along the 

length of the channel, it existed in the form of localized zones of intense contribution. 

This phenomenon is known as partial area hydrology. The findings of number of recent 

watershed studies have provided increased justification for this belief. The significant 

research done in this direction includes work done by, Ragan (1967), Dunne and Black 

(1970), Engman (1974), Hawkins (1979), Steenhuis et al. (1995), Lyon et al. (2004), 

Mishra et al. (2005) and many others. 

Ragan (1967) while investigating the storm runoff generating phenomena from 

watershed observed significant contributions of partial area in production of runoff in 

watershed and this phenomenon is quite logical when the fundamental of individual 

runoff process are considered. The results of this study illustrate that there is a serious 

need for a re-evaluation of some of the traditional methods used for runoff computations.  

Dunne and Black (1970) have done experimental study on partial area 

contributions to storm runoff in a small New England watershed. According to their 

study, the storm rainfall produce surface runoff from only a small part of the watershed 

plus precipitation directly falling on the channel and saturated areas adjacent to the 

channels. Their study shows that the area contributing to overland flow is dynamic in the 

sense that it may vary seasonally or throughout a storm. The fluctuations of this partial 

area can be rationally related to topography, soils, antecedent moisture, and rainfall 

characteristics. 

Steenhuis et al. (1995) revised SCS runoff equation for its relation with variable 

source runoff areas. They derived SCS runoff curve number approach in its most 
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elementary form by assuming that only the saturated areas contribute to direct runoff and 

that the remaining watershed does not contribute any runoff. They proposed a procedure 

for finding the initial abstraction which is an improvement over the original SCS equation 

where the initial abstraction (i.e., the Thornthwaite-Mather procedure) is calculated as 

0.2S. Because of the interest in contributing area in water quality studies, they made 

graphs relating contributing area as a function of effective precipitation for several S-

values. This technique can be used in simulation studies to calculate the probabilities of 

runoff from saturated areas.  

Lyon et al. (2004) used a topographic index to distribute variable source area 

runoff with SCS-CN equation. They developed the distributed method (CN-VSA 

method) which is more consistent with variable source area (VSA). They merged the 

existing SCS-CN method with the spatial distribution of a modified topographic index to 

evaluate the probability of saturation for a given area. Developed distributed CN-VSA 

method predicts the fraction of watershed that is saturated and the location of these areas. 

They compared proposed CN-VSA method with the existing SCS-CN method and found 

similar total runoff volume, but vastly different locations of runoff generation which 

shows that the spatial runoff distribution given by the distributed CN-VSA method is in 

agreement with the VSA hydrology concept.  

Mishra et al. (2005) developed a conceptual, lumped model based on storage and 

source area concepts including several components of hydrological processes. They 

identified the dormant and dominant processes and mechanisms involved in the 

generation of runoff from each watershed. They found that the deep percolation 

contributing significantly to runoff generation, which was an improvement over the 

works done by Moore et al. (1983) and Putty and Prasad (1993). This model performs 

better on high runoff producing watersheds rather than on low ones. However, model 

involves so many parameters (15 parameters) which make the procedure cumbersome.  

In view of the above discussed long term hydrological simulation models, their 

advantages and limitations, it can be comprehended that, there is scope for improvement 
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in the SCS-CN method for long term hydrological method by recasting the soil moisture 

accounting procedure. The possible ways for this improvement is that developing sound 

and viable procedure for SMA by incorporating daily CN variation with moisture 

available prior to rainfall as well as rainfall amount. Also by eliminating some of the 

assumption involved in previous soil moisture accounting procedure, refinement in the 

SMA procedure can be possible. There is also scope for incorporation of temporally 

variation of CN into SMA procedure. Hence the present research is proposed for 

modification in existing SCS-CN method for more viable solution to SMA procedure for 

long term hydrological simulation.  

B2. System analysis for water resources management 

Over last several decades, the incentive to plan for better use of any water 

resource stimulates the development of improved analytical tools and methodologies for 

defining and evaluating alternatives for managing such system. The system analysis is 

one of such tool. Several mathematical programming techniques viz., Linear 

Programming (LP), Dynamic Programming (DP), and Non-linear Programming (NLP) 

has been used for optimization of water resources systems. Among these methods, the 

application of LP is most sought after.  

The methods of optimization as stated above serve only preliminary design 

models as they may not able to describe the whole system with their complexity level. So 

to overcome these difficulties many scientist works to develop new model or modify the 

existing model. Some of the works done by (Kohistani 1995; Ravikumar and Venugopal 

1998; Srivastava et al. 1999; Dahe and Srivastava 2000; Loucks et al. 2000; Labadie 

2004; Panigrahi and Srivastava 2005; Mialhe et al. 2008; including thesis work of Dahe 

2001; Jena 2004; Awchi 2004; Panigrahi 2006; Sawunyama 2006; Thube 2008; Sanimer 

2008; and Choudhary 2008 and Sethi 2009) are significant. 

Dahe and Srivastava (2000) have demonstrated the use of yield model assessment 

for annual yield of Upper Narmada irrigation reservoir with specified reliability and the 

extent of availability of irrigation policy during failure years. Such an assessment can 
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assist the planners to decide upon the irrigation policies regarding the area to be brought 

under irrigation with sustainable cropping pattern and to reduce the damages due to the 

likely shortages in supply during failure years. 

Dahe (2001) extended the basic yield model and presented a multiple-yield model 

for a multiple-reservoir system consisting of single-purpose and multi-purpose reservoirs. 

The objective was to achieve pre-specified reliabilities for irrigation and energy 

generation and to incorporate an allowable deficit in the annual irrigation target. A part of 

the above study was presented by Dahe and Srivastava (2002) for a system of eight 

reservoirs in the upper basin of the Naramada River. The results were analyzed for four 

cases. As desired reliabilities for yields can be pre-specified for different purposes by 

consideration of an allowable deficit in annual yield in a multiple-reservoir system, this 

model can act as a better screening tool in planning by providing outputs that can be very 

useful in improving the efficiency and accuracy of detailed analysis methods as 

simulation. 

Jena (2004) used the system analysis techniques, in his study to re-estimate the 

reservoir yield of an existing reservoir of Harabhangi in India, with different reliabilities 

to meet the ever-changing demands of various water uses. His study included the optimal 

allocation of available irrigation water through canal networks with minimum seepage 

and evaporation losses. He also made provision to supply a predetermined partial amount 

of irrigation water during failure years to take care of the minimum food requirement of 

the cultivators. 

Deepti Rani (2004) carried out a integrated study for planning and operation for 

the proposed Pampa-Achankovil-Vaippar link diversion system (PAV system), which 

includes three reservoirs located in southern  part of India the author used system analysis 

techniques to do multi level planning and operation for the system. 

The study done by Awchi (2004) on optimal water utilization and management of 

an irrigation system of Mula reservoir, shows that there is conflicts present in projected 

reservoir operation as the active storage capacity of the reservoir is 608.88 MCM whereas 
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the requirement for irrigation (674.6 MCM) alone goes well ahead of that active storage 

capacity, which means there is short in supply for irrigation.  

Panigrahi and Srivastava (2005) presented an integrated yield model (IYM) for 

river basin development to assess optimal annual yields from reservoirs based on pre-

specified annual release reliabilities with site specific yield failure years and failure 

fraction factors and also simultaneously optimizing the cropping pattern at each site. The 

model was applied to Ong sub-basin of Mahanadi river basin in Orissa, India. Results 

show that IYM closely reproduce the behavior of the system and results reasonably 

match with simulation.  

Sanimer (2008) carried out optimal water utilization and management of 

Harabhangi  irrigation system. She used hydrological simulation model based o modified 

SCS-CN method to generate inflow for the reservoir. Implicit stochastic linear 

programming models, i.e., yield model and an integrated reservoir yield model have been 

used for the supply of predetermined partial amount of irrigation water during failure 

year to take care of the minimum food requirement of the people of that area. She 

obtained optimal canal releases from a reservoir on the basis of actual canal operation 

days, and suggested modifications in the model to remove drawbacks of untimely water 

supplies and inconveniences of the gate operator. However, there is limitation in this 

study as only weights taken here for canal scheduling focused only on water delivery 

component of irrigation system, but economic criterion or social criterion may be useful 

for making this model more efficient. 

Chaudhury in (2008) developed a DSS for water resources management for 

Harabhangi irrigation project, in which he proposed irrigation scheduling for the different 

crops of the project by individually and periodically release for all the distributaries of the 

project for better management of irrigation system. However, optimization model can be 

used for this type of study for minimizing the main canal and distributaries running time; 

and reservoir status and irrigation release relationship can be address with the help of 

reservoir yield model. 
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Srivastava and Awchi (2009) applied a set of nested models to provide useful 

strategy to evaluate the storage, water yield and the operational performance of the 

multipurpose Mula reservoir in India. They used LP based yield model (YM) to re-

evaluate the annual yields available from the reservoir for water supply and irrigation. 

The results show that the YM estimates the annual multi-yields accurately. The data 

generated by the hybrid models preserve the characteristics of the historical data. The 

study revels that the project may fail to fulfill the irrigation demands. 

In earlier yield models, the model considered only crop plan for a successful year. 

So there is a need to improve the model so that the model can be use to determine crop 

plan during failure year also. Although the with-in-year yield do consider this concept by 

using a failure factor. 

B3. Remote Sensing and GIS in water resources management 

The factors that play a greater role in the planning and development process of a 

watershed are its size, shape, physiography, slope, climate, drainage, geomorphology, 

soil, soil erosion zones, land use/land cover, surface water and groundwater etc. Remote 

Sensing technology provides the vital spatial and temporal information on these 

parameters. Recently many hydrological and environmental applications have been 

reported which use remote sensing and GIS techniques as a tool to carry out study. 

Different studies on hydrological and environmental applications shows that 

Remote Sensing and GIS are used to extract basic characteristics of the catchment‟s, such 

as soil type, land use/land cover information, slope etc., for further assessment of their 

behavior on hydrological simulation.  

C. OBJECTIVES 

1. To study the availability and demand of water in the study area. 

2. Generation of geo-database for study area using Remote Sensing and GIS. 

3. To develop SCS-CN based long term hydrological simulation model for 

computation of runoff (inflow to reservoir). 
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4. To modify existing reservoir yield model to take care of crop plan during a failure 

year.  

5. To develop a comprehensive reservoir operating policy for a reservoir. 

 

D. PROPOSED METHODOLOGY 

To fulfill the objectives, the study will be conducted in two major parts as follows: 

D1. Hydrologic simulation 

For continuous simulation of long term reservoir inflow, modification in existing 

SCS-CN method for more viable solution to SMA procedure is proposed for long term 

hydrological simulation for the study area. Procedure for SMA will be modified, by 

incorporating temporally variation of CN with moisture available prior to rainfall as well 

as rainfall amount of the current rainy day and by eliminating some of the assumption 

involved in previous soil moisture accounting procedure.  

D2. Reservoir modeling 

Reservoir yield estimation and the operational performance of the reservoir play 

an important role for any water resources development and management projects. The 

reservoir yield model estimates over-year and within-year active reservoir storage 

capacity requirements separately to meets the specified release reliability targets. For 

present study it is proposed to modify the yield model developed by Panigrahi and 

Srivastava (2005).  

Application of the modeling of the reservoir system analysis involves studies 

especially to re-evaluate storage yield and operation performance for existing reservoir 

systems. Such periodic evaluation may be required to assess the responsiveness of a 

system to prevailing conditions and demands arising out of ever changing water use 

pattern. Due to insufficient yields from a reservoir, it may fail to fulfill actual water 

demands for different reasons specifically in the face of increasingly difficult situation of 

water scarcity because of extensive and intensive water use. More concentration is 
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needed to determine the practical and user friendly initial policies for reservoir operation 

for a reservoir, some prospective realistic aspects should also be incorporated in the 

formulations of optimization model depending upon the needs of a problem. 

It is proposed to follow following steps to achieve a management objectives of a 

reservoir:  

1. For reservoir storage-yield re-evaluation the IRYM will be improved.  

a. In order to improve the IRYM to include crop plan during a failure year, the 

water availability equation of the IRYM has to be divided into two parts, i.e., 

one for the firm within-year yield and another for the within-year secondary 

yield. The firm within-year yield takes care of the minimum food requirement 

of the area. 

The firm yield part will provide a crop plan during a failure year. Whereas 

the firm and the secondary yield parts together will provide a crop plan during 

a successful year.  

   b. The within-year time periods considered will be as per the irrigation and non 

irrigation days of canal operation. 

2. For developing a comprehensive reservoir management policy for a reservoir, the 

following is proposed: 

a. For reservoir operation it is proposed to use Hedging rules with Fuzzy logic. 

b. The existing irrigation scheduling will be compared with the irrigation 

scheduling methodologies used by Sanimer, 2008 (based on irrigation 

performance indicators) and P C Chaudhary, 2008( water balance method) 

and a new irrigation scheduling will be proposed. 
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E. STUDY AREA  

The proposed area for this study is Mula reservoir (Latitude: 19
0
01‟30 N; Longitude: 

74
0
34‟30 E). The Mula project is a major irrigation project on the river of Mula, which is 

sub-tributary of Godavari.  

Different storage capacities of the reservoir are 

Gross reservoir capacity : 736.32 MCM 

Dead reservoir capacity : 127.44 MCM 

Live reservoir capacity : 608.88 MCM 

 

Fig. 1 Index plan of Mula Project 

The multipurpose project provides irrigation, and water supply to Ahmednagar 

city, MIDC and nearby village. The project consists of an earthen dam, with masonary 

(gated) spillway, on river Mula at Baragaon-Nandur in Rahuri taluka (65km away from 

the famous Holy place “Shirdi”) of Ahmednagar district, Maharashtra state, India. It has 

two canals for direct irrigation, RBC and LBC, and two underground pipelines for 

indirect irrigation named Vambori chari and Bhagada chari, with a distribution system to 

create an irrigation potential of 80,810 ha. The rainfall is very scanty in this area. 

Average rainfall is 520 mm. Major portion of irrigated land is of black cotton soil. 

Evaporation is moderate. The annual irrigation water demand is 674.6 MCM and annual 
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total water supply requirement is 73.92 MCM. Index plan of Mula project is given in fig 

1. 

DATA AVAILABILITY  

Through extensive field visits, following available data was collected: 

1. Reservoir details 

2. Demand details 

3. Canal network details 

4. Details of underground pipelines (2 in nos.) with detail map for indirect irrigation 

5. Inflow data (from 1978 to 2008) 

6. Outflow data (from 1978 to 2008) 

7. Rainfall (from 1972 to 2007) 

8. Evaporation losses 

9. Cropping pattern 

10. Pre irrigation planning 

11. Year wise irrigated area and water use details (from 1972 to 2008) 

12. Season wise and crop wise irrigated area (from 2001 to 2007) 

13. Maps ( Basin map, LBC, RBC, Underground pipe network, Area capacity curve 

for Mula dam) 
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