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Abstract:      It is proposed to develop an optimal operating policy 

for the Maithon multi-purpose reservoir system, situated at 

Maithon, which is approximately 48 km from the district of 

Dhanbad (Jharkhand), India. The present objective is to 

maximize hydropower generation subjected to reservoir mass 

balance, release, storage, reservoir-drawdown level, overflow, 

maximum flood zone space, maximum and minimum storage 

constraints under three different dependable inflow conditions 

namely 50%, 70% and 90%. The storage curves also been derived 

after analyzing the various policies and was observed to be 

persistent with that of demand requirements. The derived policy 

is capable of producing maximum annual hydropower of 

133394.43 MWh, 103015.14 MWh and 61782.77 MWh for 50%, 

70% and 90% dependable inflow conditions respectively against 

the existing generated values of hydropower as 102958.3 MWh 

which has been averaged over last 10 years. Further the firm 

hydropower power values obtained under 50%, 70% and 90% 

dependable inflow conditions are 5.773 MW, 3.421 MW and 2.67 

MW respectively. In this study the potential of hydropower energy 

production of the reservoir system is explored extensively, and a 

trade-off between reservoir release especially for irrigation 

purpose and maximum energy production has been established 

for the use of various stakeholders as well as managers of 

reservoir operations. 

Keywords: Optimal-operation-policy, Optimal hydropower 

generation, LINGO, Dependable inflow, Maithon reservoir 

I. INTRODUCTION 

Hydropower is one of the abundant sources of renewable 

energy, accounts for about 17 percent of the world's 

electricity (International Energy Agency Report on 

Renewables, 2017-2023). It is certainly one of the promising 

solutions for clean and green energy sources in the world to 

meet a country's rapidly increasing energy demands. The 

production of hydropower and the release of irrigation water 

are two major stakeholders of any large multi-purpose 

reservoir. Sometimes it is found that the aforementioned 

priorities are complementary to one another. Many dams in 

India have hydropower plants, and the generation of 

hydropower is considered as one of the significant 
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 component of reservoir operations, particularly for a large 

scale reservoir system. Optimizing the operating policies of 

such reservoirs serving both of the conflicting goals is found 

to be difficult, especially if the development of hydropower 

is not an incidental event. As the hydropower release is non-

consumptive in nature, the released water can be further 

utilized in the downstream site for other purposes. 

Electricity demand at present time is on peak and therefore 

alternate mode of generation of electricity is highly 

desirable to maximize the hydropower production wherever 

it is possible. In India there is a high potential for 

hydropower production from surface water reservoirs, 

therefore, arising a need for developing effective operational 

policies to maximize the hydropower benefits. Along with 

this the focus should be on exploring the additional potential 

sources of hydropower.  

Further, the generation of hydropower for a multi-purpose 

reservoir network serving different objectives like control of 

flood, fulfillment of irrigation needs, hydroelectric power 

generation, river navigation, water supply and other 

recreational activities etc. is considered as a complex task as 

these goals are contradictory in nature for which a 

comprehensive analysis is needed. Mays and Tung (1992) 

identified the different applications of optimization 

techniques during the planning, development and 

operational process of water resources. Singh (2012) has 

implemented the application of optimization techniques in 

conjunctive planning and many other fields such as 

groundwater and seawater intrusion, irrigation dam 

management, optimum plant pattern, reservoir system 

activity management, resource management, and solid waste 

management in different climatological regions. A wide 

range of reservoir operation techniques as well as models 

has been derived, applied and updated from time to time by 

different research groups working in the field of reservoir 

operations. But, in last few decades, the application of 

outdated technology and inefficient operating policies of 

existing reservoir systems has been immerged as a critical 

issue and repeatedly raised by many scientific groups as 

well as researchers working in this domain(e.g. Guariso et 

al., 1986; Oliveira and Loucks, 1997; Chang, 2003). 

For the planning and management of water resources, a 

wide range of reviews along with applications of different 

optimization techniques are available in various literature 

(Yeh, 1985; Wurbs, 1993; Rani and Moreira, 2009). Barros 

et al. (2003) introduced the application of SISOPT 

(Sequential Interactive System Optimization), model in 

order to manage and enhance the operation mechanism of 

the Brazilian hydropower system. The basic model was 

devised using the Non-linear 

programming (NLP) model. 

Majumdar and Nirmala (2007) 
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applied a stochastic optimization tool namely Bayesian 

Stochastic Dynamic Programming (BSDP) tool to the Stage 

I Kalinadi Hydroelectric Project (KHEP), in the state of 

Karnataka, India, for hydropower generation by taking into 

consideration the forecast uncertainty along with uncertainty 

in inflow. Liu et al. (2008) applied an integrated approach in 

order to solve the problem of multi objective reservoir 

system by combining linear approximation method to the 

STHOS (Short Term Hydropower Optimal Scheduling). The 

proposed model in this study was found to be efficient 

enough in handling the complexity of the objectives and 

constraints of STHOS model. Moosavian et al. (2008) 

developed a multi-objective optimization model based on 

non-linear programming model and applied to serial and 

parallel hydroelectric power plants in order to find out the 

optimal annual scheduling for control of power generation. 

Barros et al. (2009) presented the application of 

HIDROTERM DSS (Hydrothermal Decision Support 

System) system to the Itaipu hydropower plant in order to 

analyze the upstream storage reservoir’s impact on the 

generation of the hydroelectric power. HIDROTERM DSS 

is basically an optimization model and based on NLP (Non 

Linear Programming) Model. A significant impact on the 

hydropower production of Itaipu hydropower plant was 

noted because of the upstream storage reservoir. Arunkumar 

and Jothiprakash (2012) optimized the Koyna reservoir 

operation policies to maximize the hydroelectric power 

generation of the reservoir system, by employing the NLP 

(Non Linear Programming) model. In this study three 

different dependable inflow scenarios were choosen in order 

to analyze the hydropower production potential of the 

reservoir. Sharif and Swamy (2014) presented the LINGO 

(Language for Interactive General Optimizer) model's 

development and application to optimize the operating 

policy of a multi-purpose reservoir network. In this study 

the basic problem of four reservoir (Larson, 1968) 

incorporating linear objective functions and a reformed 

problem with nonlinear objective function were explained 

and solved by employing the LINGO based interface. The 

performance of the LINGO model was evaluated and 

compared by solving both the problems using Discrete 

Differential Dynamic Programming (DDDP) also. Results 

showed that over the DDDP model, the LINGO model was 

found to be more resilient and remarkable in terms of 

execution time. An additional asset of the LINGO model is 

that it can be applied to any network of reservoirs with 

minimal variation. M.H. et al. (2016) presented a case study 

of Mahadhayi River Project Karnataka for the maximization 

of the net benefits in the system from power generation and 

the release pattern that to be adopted in order to maximize 

energy generation subject to various constraints. Parsa et al. 

(2017) applied LINGO software package for the calculation 

of maximum volume of the Karun-IV reservoir system. The 

results of this study showed a very good compliance with 

optimal values and historical observations. Anand et al. 

(2018) optimized the Ganga river basin’s operating policy 

by applying the integrated framework of Genetic Algorithm 

(GA) and SWAT (Soil and Water Assessment Tool) model. 

This study was carried out to minimize the yearly sum of 

square deviation from desired storage capacity and the 

release required for irrigation purposes. The results of this 

study showed that, the operational policies derived using 

Genetic Algorithm were found to be more promising and 

viable compared to that of policies derived using SWAT 

model. 

Even though various techniques are available for the domain 

of reservoir optimization, the nonlinearity in objective 

functions and constraints makes the process of optimizing 

operational policies for hydropower generation an intricate 

task. Although, a large number of computational 

programming techniques as well as hydrological models 

have been developed by various researchers in order to find 

out the best operating policies for water resources system, a 

standard approach that can handle problems in their general 

form has not yet been established. Most of these techniques 

work satisfactorily on the issues for which they are being 

developed and bounded to either some specific constraints 

boundary or some time frame or space frame. Hence, the 

present study has been carried out to optimize the 

hydropower generation of a  multipurpose reservoir system, 

while meeting all other demands (domestic, industrial, 

irrigation and environmental flow etc.) by the reservoir 

simultaneously at different dependable inflow conditions, 

using the software package LINGO (Language for 

Interactive General Optimizer), which is not available in the 

literatures till now. The above developed model could be 

further extended to optimize power output for another water 

reservoir system in future also. 

II.    MATERIALS AND METHODS 

A. Study Area 

Maithon multi- purpose reservoir system is situated at 

Maithon, which is at the radial distance of 48 km from  the 

district of Dhanbad (Jharkhand), India. The reservoir is built 

on the River Barakar, a tributary of Damodar River, 

catchment area of 6294 km
2
. It is 4789.0176 m (15,712 ft) 

long and 50.292 m (165 ft.) high. The prime motive behind 

the construction of this dam was flood control and 

hydropower generation for the states of Jharkhand and West 

Bengal. In India the river Damodar has been categorized as 

a seasonal river, as 82% of the total storage is filled up by 

rainfall during the monsoon season (July to September). 

During filling period (1
st
 June to 31

st
 October) of the 

reservoir, rainwater is get accumulated in the reservoir and 

is used for irrigation purpose, hydroelectric power 

generation and other recreational activities by the 

downstream areas of Burdwan. Fig. 1 describes the details 

of Damodar Basin.
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Fig. 1. Index Map of Damodar Basin 

(*Source:  Damodar Valley Reservoir Regulation Manual (2017)) 

 

Maithon Hydroelectricity Power Station (MHPS) is situated 

on the river Barakar which is 12.9 km (approx.) above its 

convergence with Damodar River, near the frontier of 

Burdwan district (West Bengal) and dhanbad district 

(Jharkhand). MHPS is installed 100 feet below the water 

level in the left bank of the river Damodar, making it the 

first of its kind in India. The total hydropower generating 

capacity of the power station is 60 MW with 3 units of 20 

MW each. Table-I shows the salient features of Maithon 

Dam. 

 

Table- I: Salient Features of Maithon Dam 

B. Model Description 

In this paper a LINGO (Language for Interactive General 

Optimizer) based integrated framework has been presented 

for maximum hydropower generation and water release for 

various uses of the Maithon multi-purpose reservoir system. 
This integrated framework is very easy to work on, as it 

integrates the three fundamental layers viz. Base layer, co-

ordination layer & user layer into one framework which 

requires very basic knowledge of mathematical modeling 

with no or negligible experience required. The same 

framework can be implemented to other hydel power 

stations with negligible effort because of it's unique feature 

of simple Decision Support System (DSS). LINGO provides 

very user friendly features viz. multi-threading capability 

and vast model solving capability for its users (Si, et al., 

2018). Using this framework, the hydropower generation of 

Maithon dam is evaluated and optimized during the period 

of 1981 to 2016.  

C. Model Formulation 

The true potential of a hydel power plant is basically 

determined by two main factors, hydraulic head availability 

and the rate of flow through the turbine. Mr. Loucks et al. 

(1981) explained about hydel power generation from a 

reservoir mainly depends on installed capacity of plant, flow 

rate through the turbine, number of hours being operated 

and average effective storage head. Thus, for any “t” time 

period, the hydel power production (HPt) (Vedula and 

Mujumdar; 2005) in terms of MWh/year is given as: 

HPt     
              ƞ    

        

 
      ..(2.01) 

Where HPt is the monthly hydropower production through 

the reservoir, ƞ is combined turbine and generation 

efficiency of the plant,    is the head available to the turbine 

at the beginning of the month 

‘t’,      is the head available 

to the turbine at month-end "t" 

Particulars  Maithon Dam  

Name of River       Barakar  

Location        at         N,  

      ong          E 

 

Drainage Area (Sq. km)       62937.7  

MDDL (m.)       132.588  

Conservation Level (m)       146.304  

Max. Flood Control Level (m)       150.876  

Water Surface Area at Max Flood Control Level (Sq.km)       99.63  

Capacity at Max. Flood Control Level (MCM)       868.039  

Power Output  3×20 mw  

Type of Turbine       Horizontal shaft Francis  

    

*Source:  Damodar Valley Reservoir Regulation Manual(2017) 
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or upcoming month's beginning "t+1",     is the release 

made through the penstock. 

The main purpose of this study is to maximize the hydel 

power generation of powerhouse on monthly basis. It is 

expressed as: 

Maximize (Z)=       
  
   ]                                      (2.02) 

Where,    is the monthly hydropower production through 

the reservoir during "t" time-period and is in the terms of 

Mega-Watt-hour (MWh). The objective function mentioned 

above is subjected to various constraints. 

          The head availability in the reservoir should always 

be greater than or equal to the least drawdown level of the 

power plant for the generation of electricity for any “t” time 

period. This can also be put in below equation: 

  ≥     ,              t = 1,  …, 12                           (2.03) 

Where, Ht is the average head (in meter) available in the 

reservoir and MDDL is the power plant’s minimum 

drawdown level during "t" time period. 

           The head-storage co-relation of the reservoir for any 

time period “t” can be established using following 

arithmetical relationship: 

 

Ht= m *St+C                                                             (2.04) 

            The reservoir storage (St) at any time period “t” 

should be between the range of minimum storage (Smin) 

capacity and maximum storage (Smax) capacity of the 

reservoir. The storage constraint has been specified as: 

 

     ≤   ≤     ,    t = 1,  ,…., 12                           (2.05) 

Where, SMIN is the reservoir’s minimum storage capacity, St 

is the reservoir’s live storage capacity during any “t” time 

period and Smax is the reservoir’s maximum storage capacity. 

          While optimizing the reservoir operation the problem 

of overflow comes into scenario once the maximum storage 

defined level of the reservoir surpasses. The constraint in 

mathematical form is:  

 

   =      -     ,   t = 1,  ,…., 12                            (2.06) 

 

And 

   ≥ 0,                     t = 1,  ,…., 1                            (2.07) 

 

Where,    is overflow through spillway during any “t” time 

period. 

           The power generation of a hydroelectric power plant 

during any "t" time period should be equal to or less than the 

maximum designed power generation capacity of the power 

plant. Maximum power production limit can be 

arithmetically represented as: 

(HPt) ≤  EMAX,            t = 1, 2,..., 12                          (2.08) 

Where, HPt  is the hydro-power generated (MWh) during 

any “t” time period, EMAX  is the maximum power (MWh) 

that can be generated in “t” time period. 

           The released water during any time period “t” from a 

reservoir ought to be equal-to or greater than the demand 

during that time period “t” and is equal-to or less than the 

maximum carrying capacity of the penstock. The release 

constraint for different demands can be represented 

mathematically as:  

Dt ≤ Rt  ≤  Cp ,            t = 1,  , …, 12                         (2.09) 

Where, Dt is the monthly demands from all the different 

sectors during the month “t”, Rt is the release via reservoir 

for the month “t”, and Cp is the maximum carrying capacity 

of the hydropower channel. 

            The strategy adopted for controlling flood is that, 

every month some free space must be allocated in reservoir 

to handle uncertainties. 

                                                       (2.10) 

Where,       is the storage capacity of the reservoir, St is 

the live storage capacity of the reservoir during any “t” time 

period, FZL is the flood zone level and CZL is the 

conservation zone level. 

               For any reservoir network the correlation between 

monthly varying storages can be established using the 

continuity equation. For any given “t” time period, below is 

the equation which gives relation between storage in the 

reservoir, inflow, releases, environmental flow and overflow 

(losses) through the reservoir:  

St+1 = St + It - Et - Rt - Ot ,        t = 1, 2, …12             (2.11) 

Where St is the storage capacity of reservoir at the beginning 

of month "t", St+1 is the storage capacity of the reservoir at 

the beginning of the month t+1, It is the dependable inflow 

to the reservoir during the month "t", Rt is the penstock 

release during the month "t", Et is the evaporation losses 

from the reservoir during the month "t" and Ot is the 

reservoir’s overflow during the month "t". 

 

III. RESULTS AND DISCUSSION 

In this study a reservoir optimization model characterized by 

various constraints (Equation 2.01–2.11) has been applied to 

the Maithon reservoir in order to achieve the optimal 

reservoir operation policy for maximizing the hydropower 

production potential along with fulfillment of water supply 

for various other purposes simultaneously. For the present 

study the historical data of past thirty five years (1981-2016) 

has been taken to obtain the magnitude of inflow to the 

reservoir whose probability of occurrence is equal to or in 

excess of a specified percentage expedience viz. 50% (Wet), 

70% (Normal) and 90% (Dry) has been calculated and 

represented in graphical form in below Fig. 2. 
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Fig. 2. Monthly dependable inflow (in MCM) for historical period (1981-2016) 

 

Fig. 2 shows the availability of higher average inflow in 

monsoon period. The month of August is observed with 

maximum inflow. For planning the allocation of water 

resources for various purposes, it is very much essential to 

assess the demand of water from various sectors such as 

domestic, industrial, irrigation, hydropower etc. The various 

water demands (MCM) to be fulfilled by Maithon reservoir 

has been shown below in Fig. 3. 

 

 
Fig. 3. Total monthly demand to be fulfilled by Maithon reservoir 

The results of the developed non liner programming model 

for the proposed scenarios under different dependable 

inflow conditions are discussed in the following section. 

D. Policy Generation for Maximum Hydropower 

Production 

On the basis of above formulated Non-linear Programming 

(NLP) model several policies has been generated for each 

dependable inflow condition by considering the fact, that 

percentage fulfillment of drinking water demands and 

industrial water demands is 100% in all the three segments 

i.e. pre-monsoon (April-May), monsoon (June-October) and 

post-monsoon (November-March) under all the three 

dependable inflow condition for each policy. As, a greater 

amount of rainfall is received during the monsoon season 

and a lesser amount of water is required from irrigation 

sector during monsoon, therefore the percentage fulfillment 

of irrigation water demand has also been considered 100% 

for post-monsoon season under each policy for all the three 

dependable inflow conditions in all the three segments. 

Different polices has been generated by varying the 

percentage fulfillment of irrigation water demands during 

pre-monsoon and monsoon season under each dependable 

flow condition for each policy. These policies will be 

helpful to the reservoir operators in evaluating and 

analyzing the full reservoir potential of the reservoir system. 

Under each dependable inflow scenario (inflow conditions) 

several policies have been generated and analyzed. 

Case I) Hydropower Generation for Different Policies 

Under 50% Dependable Inflow Conditions 

Under 50% dependable inflow condition five policies have 

been analyzed and the developed policies are discussed 

below 

According to pol-1, all the demands are fully satisfied in all 

the three segments except irrigation demand, which is 

satisfied up to 95% times 

during monsoon and pre-

monsoon season. Similarly 
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according to pol-2, all the demand are fully satisfied expect 

the irrigation demand, which is 85% for monsoon and pre-

monsoon season. Under pol-3, which fulfills 75% demand 

for irrigation during pre-monsoon and monsoon, all the 

other demands in this policy are completely fulfilled. For 

proposed pol-4, 65% irrigation demand for pre-monsoon 

and monsoon is considered at the same time keeping all the 

other demands in three segments are completely fulfilled. In 

pol-5, all the demands are fully contented except the 

irrigation demand. In this case the fulfillment of irrigation 

demand is 55% for pre-monsoon and monsoon season. 

Table-II shows the amount of hydropower generated per 

year under 50% dependable inflow for five different 

policies. 

  

Table-II: Hydropower generation under 50% dependable inflow 

Dependable 

Inflow (%) 
Policy 

Pre-Monsoon 

Segment 
Monsoon Segment 

Post-Monsoon 

Segment Hydropower     

Produced 

(MWh/yr) 

(Apr - May) (June - Oct)      (Nov - March) 

DIWD 

(%) 

IRD 

(%) 

DIWD 

(%) 

IRD 

(%) 

DIWD 

(%) 

IRD  

(%) 

50 

1 100 95 100 95 100 100 131676.95 

2 100 85 100 85 100 100 132491.09 

3 100 75 100 75 100 100 132659.52 

4 100 65 100 65 100 100 133026.13 

5 100 55 100 55 100 100 133394.42 

                

*DIWD= Drinking and industrial water demand; *IRD=Irrigation water demand 

          Study reveals that, if some trade-offs in percentage 

fulfillment of irrigation demands could be set; the policies 

will results into optimized generation of hydropower. In 

Figure 4, segment wise total monthly power production 

under all the five policies for 50% dependable inflow 

condition has been shown. From the figure, it is observed 

that under all the policies, the monsoon season segment 

(June to October) have resulted the maximum production 

due to high inflow and storage. During the pre-monsoon 

(April to May) season segment, the hydropower generation 

is very less because of the availability of very less amount of 

inflow which results into lesser storage. Under post-

monsoon (November to March) season segment the rate of 

power production is in the range of medium to high. Water 

stored during monsoon season can be used during this 

segment of the year in order to increase the power 

production rate.

 

 

Fig. 4. Segment wise hydropower generation under 50% dependable inflow condition. 

Case II) Hydropower Generation for Different Policies 

Under 70% dependable inflow condition 

Under 70% dependable inflow condition 4 different policies 

also have been proposed and discussed as follows. Pol-1 

considers the fulfillment of 45% and 85% irrigation demand 

for pre-monsoon and monsoon season respectively keeping 

all the demands completely fulfilled. Under pol-2, which 

considers the 100% fulfillment of all demands except the 

irrigation demand, in this scenario 35% of irrigation demand 

is fulfilled during monsoon season segment and 75% during 

pre-monsoon season. In pol-3, all the demands are fully 

contented in all the three segments except irrigation demand, 

the percentage fulfillment of irrigation demand under this 

trial is 25 % and 65% for monsoon and pre-monsoon season. 

According to pol-4, fulfillment of irrigation demand during 

pre-monsoon and monsoon 

season are 15% and 55% 

respectively all and other 
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demands are entirely fulfilled. Table-III shows the amount 

of hydropower generated per year under 70% dependable 

inflow for four feasible policies. 

Table- III: Hydropower generation under 70% dependable inflow 

Dependable 

Inflow (%) 
Policy 

Pre-Monsoon 

Segment  
  Monsoon Segment 

Post-Monsoon 

Segment Hydropower 

Produced 

(MWh/yr) 

(Apr - May) (June - Oct) (Nov - March) 

DIWD 

(%) 

IRD 

(%) 

DIWD 

(%) 

IRD 

(%) 

DIWD 

(%) 

IRD  

(%) 

70 % 

1 100 45 100 85 100 100      99281.96 

2 100 35 100 75 100 100 100947.75 

3 100 25 100 65 100 100 101921.93 

4 100 15 100 55 100 100      103015.14 

               

Under 70 % dependable inflow condition, segment wise 

total monthly power production is presented in Fig. 5. In this 

figure this is shown that, the maximum production of 

hydropower is during the monsoon season segment (same as 

in case of 50% dependable inflow condition) due to higher 

inflow and storage. Under this inflow condition the 

hydropower generation during the pre-monsoon season 

segment is almost same or constant in all the policies. For 

the post-monsoon season segment, the variation in 

generation of hydropower is also very less. From the 

scenario this can be concluded that during the monsoon 

season a greater amount of storage can be made in order to 

use it for hydropower generation during the Non-monsoon 

period. 

 

 

Fig. 5. Segment wise hydropower generation under 70% dependable inflow condition 

Case III) Hydropower Generation for Different Policies 

Under 90% Dependable Inflow Condition 

For 90% dependable inflow under pol-1, the fulfillment of 

irrigation demand in all the three segments is zero percent 

considering the fulfillment of other demands as 80% in all 

the three segments. 

 

  

Table-IV: Hydropower generation under 90% dependable inflow 

Dependable 

Inflow (%) 
Policy 

Pre-Monsoon 

Segment  
Monsoon Segment 

Post-Monsoon 

Segment Hydropower 

Produced 

(MWh/yr) 

(Apr - May) (June - Oct) (Nov - March) 

DIWD 

(%) 

IRD 

(%) 

DIWD 

(%) 

IRD 

(%) 

DIWD 

(%) 

IRD  

(%) 

90 

 

 

        
1 80 0 80 0 80 0 61782.77 

        
 

For 90% dependable inflow only one policy was feasible as 

the flow availability under this dependable inflow condition 

is very less, therefore the fulfillment of respective demands 

under this policy has also been 

considered as very poor. 
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corresponding to this dependable inflow condition has been shown in below figure. 

 

 

Fig. 6. Segment wise hydropower generation under 90% dependable inflow condition 

E. Annual Power Production 
The total annual hydroelectric power production from 

various policies under the 50 %, 70% and 90% dependable 

inflow conditions are shown in below Table-V. Major 

observations from the Table-V are that hydropower 

generation is indirectly proportional to the inflow 

dependability. The reason behind this is that with increase in 

dependability level the quantity of inflow decreases. Also, 

the various scenarios discussed shows that, with increase in 

the irrigation release the power production decreases. In 

order to resolve the problem of such conflicting objectives 

when either of the objective is not incidental, some trade-

offs could be set in order the find out the optimum policy for 

hydropower generation. The combined annual hydropower 

generation corresponding to the policies generated under 

different inflow conditions has been tabulated below: 

 

Table-V: Annual hydropower generation potential of various policies under different inflow conditions 

Policy           Annual hydropower (MWh/yr) generation with respect to various policies under different inflow 

conditions 

                       50%                            70%                               90%                  Avg. last 10 year’s production (MWh/yr) 

1                 131676.95                   99281.96                      61782.773 

2                 132491.09                   100947.75                          - 

3                 132659.52                   101921.93                          -                                          102958.3 

4                 133026.13                   103015.14                          - 

5                 133394.42                          -                                   - 

 

F. Firm Power Production 

Firm power is basically the power that is available with 

100% reliability. It is generated with certainty without 

interruption at site. In this study, the optimized value of firm 

power for all the three different dependable inflow 

conditions i.e., 50%, 70% and 90% have been computed. 

For computing firm power a trial value of firm power, which 

can be computed each year 100% of the time has been 

assumed. This assumed value is adopted as a constraint in 

the LINGO hydropower optimization model. The firm 

power value for all the respective inflow conditions has been 

shown in following table- 

Table-VI: Firm power corresponding to different dependable inflow conditions 

Dependable Inflow Firm Power (MW) 

50% 5.773 

70 % 3.421 

90% 2.647 

G. Storage Curve Under Various Policies 

The storage levels that should be maintained at the end of 

the any month “t” for the generation of maximum 

hydropower from various dependable inflow conditions i.e., 

50%, 70% and 90% under various policies has been 

discussed in following section. On the basis of the various 

policies generated, the storage at the end of the month that is 

to be maintained for optimal hydropower generation has 

been shown in the figure below. 

For 50% dependable inflow the 

maximum storage has been 

spotted during the month of 
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September. This is due to the availability of greater inflow 

during the monsoon season. Along with this the release 

constraint during the period of this month has also been 

found to be less because of the lesser demand from various 

sectors, resulting into greater storage. Analysis shows that, 

the reservoir generally reaches to the level of maximum 

storage during the season of monsoon (June-October). Fig. 7 

highlights the end month storage corresponding to 50% 

dependable inflow scenario. 

 
Fig. 7 End month storages under 50% dependable inflow 

After analyzing all the policies this has been concluded that 

the storage of the reservoir is in decreasing trend during 

non-monsoon period due to very less inflow and release 

made from carry over storage only. The resulted final 

storage for 70 % and 90 % dependable inflow conditions has 

been shown in Fig.8 and Fig. 9 respectively. 

 

Fig. 8. End month storage under 70% dependable inflow 

 

Fig. 9.  End month storage under 90% dependable inflow. 
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IV. CONCLUSION 

This study suggests the effective application of constrained 

Non-linear Programming model by using the LINGO 

integrated framework for obtaining the efficient operating 

policy of Maithon multi-purpose reservoir system. 

Hydroelectric power produced in this study, under different 

dependable inflow conditions (50%, 70% and 90% 

dependable inflow) were compared with the existing 

average hydropower generation of last 10 years. It was 

observed that, the hydropower generations obtained under 

the different inflow scenarios are optimized compared to the 

existing policies generation. Among all the three dependable 

inflow conditions discussed above, the hydropower 

generation under 50 % dependable inflow is having 

maximum inflow resulting into maximum power generation. 

Under different scenarios, policy 5, under 50% dependable 

inflow scenario has resulted the maximum power production 

of 133394.428 MWh/yr keeping the percentage fulfillment 

of all the demands at 100% and irrigation demand at 55%. 

The study reveals that there is good scope for further 

research and development in this field. 
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