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1.                         INTRODUCTION 

Population and economic growth in various 

regions of the nation are accompanied by increased 

needs for water supply, energy and other services. 

Depleting groundwater reserves are resulting in an 

increase reliance on surface water in many areas. 

Concerns have grown in recent years regarding 

maintenance of river flows and each occurrence of 

major flood or drought in a region motivates 

reevaluation of water management practices and each 

time, like chalk and blackboard, we delete some of the 

old practices and add some new ones. 
 

With an aging number of dams and reservoirs 

being operated in an environment of change and 

constant demands with restricted resources, an 

operational improvement is imminent and inevitable. 

Traditionally, Water allocation is regarded as a sub-

problem of reservoir system analysis and has been 

solved through simulation of the reservoir system. 

Simulation, alone, does not guarantee the optimum 

solution and consequently linear programming 

approach is the tool to be used for optimum allocation. 

 

2.                 MATERIAL AND METHODS 

Reservoir Operations 

An operating plan (release policy) is a set of 

rules for determining the quantities of water to be 

stored and to be released from a reservoir under 

 

 

 

 

 

 

 
 

 

various conditions. Typically, a regulation plan 

includes a set of quantity criteria within which 

significant flexibility exists for operator judgment. 

The operating rules provide guidance to the water 

managers who make the actual release decisions. In 

modeling, the reservoir model contains some 

mechanism for making release decision within the 

framework of operating rules. Reservoir operating 

rules and the operating decisions made within the 

framework of these rules involve firstly allocating 

storage capacity between multiple users and type of 

use secondly minimizing the risks and consequences 

of water shortages and flooding and lastly optimizing 

the beneficial use of water, energy and land resources. 

Firm Yield analysis 

Firm yield is commonly used measure of 

water supply and hydroelectric power generation 

capabilities. Firm yield is the estimated maximum 

release or diversion rate, or hydroelectric energy 

production rate, which can be estimated continuously 

during a hypothetical period of hydrology. Firm yields 

are commonly determined repeatedly executing a 

simulation model and the Ripple diagram is also an 

alternative approach to the determination of the firm 

yield. Linear programming is one of the several 

alternative approaches for performing the firm yield 

analysis; and we will be emphasizing the LP approach  

for the determination of firm yield for the reason that 

simulation and Ripple diagram does not guarantee the 

optimum solution in the priority scenario. 
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Abstract:  Reservoir storage is necessary to use the highly variable water resources of a river basin for beneficial 

purposes such as city water supply, industrial water supply, irrigation, and hydroelectric power generation. Dams 

and other appropriate structures also regulate rivers to reduce damages and wastage of water caused by floods, 

drains to sea and by inadequate allocation. Water quality, environmental resources, protection and enhancement of 

fish and wildlife, and other environmental resources are important considerations in managing reservoir (river) 

system. We present here the linear programming model for three reservoirs for the allocation of scarce water 

keeping in view the priority factor. 
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LP Model 

Optimization and Mathematical Programming 

are used synonymously to refer to a modeling 

approach in which a formal algorithm computes 

values for a set of decision variables that minimizes or 

maximizes an objective function subject to 

constraints.  
 

In Optimizing models, the objective function 

and constraints are represented by mathematical 

expressions as a function of the decision variables, 

which typically includes release and storage volumes.  
 

Linear programming consists of finding 

values for a set of n decision variables that maximize 

or minimize an objective function 

Z of the form:  
 

subject to a set of  m   

 

constraints of the form: 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 
 

The linear programming model is expressed in more 

concise form as:  
 

 

 

 

 

 

 

 

 

 

 

 
 
 

  As we brought up earlier that firm yield is the 

maximum demand that can be met continuously a 

sequence of reservoir inflows. Now, here in the 

model, we say that the storage capacity Z is required 

to meet a specified set of water demands xi 

representing a firm yield and can be computed with 

the LP formulation: 

Maximize   

Z 

Subject to 
 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

3.                     RESULTS AND DISCUSSION 

Thus the reservoir storage capacity Z is 

minimized (maximized) subject to constraints, which 

include the reservoir mass balance and not allowing 

the storage content to exceed storage capacity, and not 

allowing the variables to have negative values.  
 

Arrangement of three reservoirs A, B and C in the 

(Fig.1) below located at nodes 1, 2 and 3 have storage 

capacities of  
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The initial storage in reservoirs A, B and C at 

the beginning of the time interval is 
3103636 1023010215,10460 mandmm  ; 

demand and supply at each node is indicated with in-

arrow and out-arrow labeled with quantity 

respectively. Certain releases are necessary to 

maintain and meet the water supply requirement 

targets and the minimum required flow between the 

six nodes is: 
 

Nodes 1-5 2-4 3-4 4-5 5-6 Below 6 

Flow(106m3) 0 5 10 10 20 30 

 

Literal of Figure-1 is tabulated in (Table-1) 

in which the supply and demand for each node is 

shown; the total supply is presented in column four 

and the demand is presented in column five; the 

allocations are based on the relative priorities 

tabulated in the last column such as a flow with 

relative priority 5 at node five has the highest priority; 

lower priorities are met only to the extent that higher-

priority supply are not affected.    

 
Table-1 The total supply is presented in column 

 

Node Initial 

Storage 

(106m3) 

Local 

Inflow 

(106m3) 

Total 

Supply 

(106m3) 

Demand 

(106m3) 

Relative 

Priority 

1 460 375 835 90 4 

2 215 290 505 125 3 

3 105 125 230 60 1.5 

4 - 25 25 475 2 

5 - 75 75 - - 

6 - 120 120 360 5 

 

The decision variables and solution is 

presented in (Table-2). The decision variables include 

in-stream flows in each of five-river node x1, x2, x3, x4, 

x5 and out-stream water supply at four nodes x6, x7,      

x8, x9; and the ending storage in the three reservoirs       

x10, x11. 

 

 

 

 

 

 

 

 

 
Table-2 The decision variables 

 
Decision 

Variables 

Purpose of 

Decision Variable 

Solution 

Values 

x1 Flow from 1 to 5 330 

x2 Flow from 2 to 4 110 

x3 Flow from 3 to 4 10 

x4 Flow from 4 to 5 415 

x5 Flow from 5 to 6 475 

x6 Flow below node 6 30 

x7 Supply at node 1 90 

x8 Supply at node 2 125 

x9 Supply at node 3 60 

x10 Supply at node 4 475 

x11 Supply at node 6 305 

x12 Reservoir A ending storage 750 

x13 Reservoir B ending storage 900 

x14 Reservoir C ending storage 0 

 

The total supply at each node consists of 

reservoir storage at the beginning of the time interval, 

and the local flow entering the river between the 

nodes. The model incorporates 14 decision variables 

defined in Table-2 include the input supply and output 

at the nodes. The objective function is formulated to 

reflect relative priorities between water users as: 
 

maximize Z = 4x7 + 3x8 + 1.5x9 +2x10 +5 x11+ x12  

+ x13 + x14  
 

The objective function coefficients are used 

simply to assign relative priorities to guide the 

allocation of the limited water resources to the 

competing users.  
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Subject to:  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

4.                             CONCLUSION 

A problem can either be solved by dynamic 

programming, DP, formulation or by LP. Linear 

programming has the advantage over DP of being 

more precisely defined and easier to understand. 

Another reason is the availability of generalized codes 

is much more limited for DP than for LP. 
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