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Abstract: Many water planning, researches have been done but 

water pricing has not been considered as the prime factor. Cost 
allocation is required whenever a project deals with multi-purpose 
groups. An optimization model which is accommodating the water 
allocation and water price must be developed in Indonesia. The 
new linear optimization model is developed to present a method 
for the determination of equitable impact fees and optimal water 
allocation for single reservoir. The proposed method is 
demonstrated on a river system with 4 major reservoirs. Each 
reservoir system serves 5 uses (irrigation, hydroelectric and flood 
control, industrial and domestic need). Using optimization with 
the cost of the reservoir and its facilities as targets and the 
objective function is maximization of total net benefit of user 
income, water allocation as x variable and water price as the y 
variable will produce the optimal result. The result is the optimal 
water allocation with a minimal water price which is present on 3 
simulation analysis. The result of the model is in a graphic and 
table presentation, which can be used easily to determine the water 
allocation and water price per m3 in all reservoir systems. 
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I. INTRODUCTION 

Water is the source of life, whose existence is absolutely 
necessary. In in today modern life, the role of water is 
absolutely important. Civilization grew, starting from the 
industrial revolution in the eighteenth century. Likewise 
civilization in the field of water. Water problems faced by 
human life are increasing, but there is still a lot of 
technologies to overcome this water problem. Today's water 
needs are not only for agriculture, household and 
transportation lines, but also for energy generation, industrial 
processes and commercial purposes. 

The older the world the higher the global temperature 
increase. It reflects to the rain water volume decrease [1]. 

The international meeting of the UNED agency of the 
United Nations in 1996 reviewed the relationship between 
regulating water through economic mechanisms.  
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This meeting resulted in the principle that water is an 
economic commodity and needs a program and clear rules for 
allocation and payment according to its value. The policy of 
paying for water costs must be carried out in accordance with 
the arrangements to obtain a sustainable distribution of water 
[2]. The Law of the Republic of Indonesia Number 7 of 2004 
concerning Water Resources, also states the need for a new 
paradigm in water resources management with adaptive 
modern management behavior. Water is an economic 
commodity [3]. The importance of optimizing water prices 
based on needs and regulating water requirements affecting 
the amount of water prices [4]. Water resources management 
must go through the Hydro Politic approach where the policy 
of water management is not just setting the amount or volume 
of water, but financed is a factor that must not be ignored [5]. 

Water is an economic commodity which cost of water 
consisted of distribution, production and transmission [6], [7]. 
Water cost optimization is based on the demand and 
regulation of water need allocation [8], [9]. Many research 
was conducted about water allocation optimization without 
water cost [10], [11], [12]. 

Several opinions above would be the base of estimating the 
cost and allocation of water research. For the meantime the 
optimization study of water cost and allocation 
simultaneously is not being conducted yet. So the gap in the 
old research is the optimization is just for the allocation only 
without any consideration of water cost. 

The research considered necessary, is the regulation of 
water allocation at river systems with water as an economic 
commodity. To get the allocation regulation and water cost 
appropriately, the new optimization model must be 
conducted. The new model be used in this research is applied 
to the Brantas River in East Java Indonesia. The new model 
will optimize the water allocation together with the water cost. 
To show the new and old model, it can be seen in the example 
bellow. The model is used to regulate the multifunction 
reservoir. The reservoir has 5 functions; the first is the 
Irrigation (y1x1); second is the Hydropower (y2x2); third is the 
Flood Control (y3x3); forth is the Industry (y4x4); and the fifth 
is the Domestic Water (y5x5). 

To get the allocation rules and certainty of water prices, a 
method based on the optimal approach is needed. 
Optimization method works with the principle of optimizing 
an objective function against constraints. 
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II. MATERIAL AND METHODS 

A. Regular Model Objective Function 

Max Z (Income); 
 y1x1 + y2x2 + y3x3 + y4x4 + y5x5  (1) 
The constraints are; x1, x2, x3, x4, x5 ≥ User need (Constrain 

volume); x1, x2, x3, x4, x5 ≤ Reservoir Capacity; y1, y2, y3, y4, 
y5 = Unit Cost of Water or x coefficient; x1, x2, x3, x4, x5  → 

are variables. 

B. The Research Model Objective Functions 

Maximize x and Minimize y;  
 z = y1x1 + y2x2 + y3x3 + y4x4 + y5x5  (2) 
The constraints are; x1, x2, x3, x4, x5 ≥ User need (Constrain 

Volume); x1 + x2 + x3 + x4 + x5 ≤ Reservoir Capacity; y1, y2, 
y3, y4, y5  = Water Variable Cost; x1, x2, x3, x4, x5  → Water 

allocation variables  
The program is required to optimize the water allocation 

unit and the water price. The difference between the regular 
and research model could be seen in Fig. 1 and Fig. 2. 

 
Fig. 1. Regular Model Flow Chart 

 

Fig. 2. Research Model Flow Chart 

C. The Research or Water Allocation and Price Model 

There are several studies on water rates or prices, but are 
not an integrated unit of allocation and price for all river 
systems, such as a simulation study of the water price system 
for efficient use of domestic water (drinking water) [12]. 
According to the research, the price of water is determined 
based on the criteria of water availability. If abundant water is 
low in price, if the water is reduced is subject to high prices, 
where the volume and price are determined by simulation. 

Optimization studies that have been carried out in 
Indonesia are only for water allocation, there has not been a 
comprehensive study of water prices in a river system [13]. 
Some water allocation studies present a water allocation 
model for applications in Indonesia such as WRMM (Water 
Resources Management Model) originating from Optimal 
Solution Ltd. Alberta Environment Canada is applied for 
Study of River Areas in Ciujung, Cimanuk-Cisanggarung, 
Progo-Opak-Oya, Ciliman, Jratunseluna and Pekalen 
Sampalen. This model specifically discusses the policy of 
water allocation by limiting the water need and availability, 
the component of water prices has not been used as a basis for 
policies. So the model produced is an WRMM application 
package program made from outside Indonesia and is not a 
program produced in Indonesia. 

Some explanation requires about phrases used in the model 
such as: 
 Water Allocation is a control of water volume to distribute 

water to water users [14]. 
 Water price is the price of each unit of water that is 

distributed to water user [15], [16]. 
 Water users are the Irrigation, Hydropower, Flood control, 

Industrial, Domestic water, Flashing need [17]. 
 Irrigation user is a unit volume water that could be 

distributed in the irrigate farm area. 
 The Hydropower user is the water unit volume to produce 

electric energy. 
 The Flood control user is the water volume that must be 

retarded to cope flooding of the dam or reservoir 
down-stream area. 

 Industrial water is specified as water volume use for lake 
recreation such as boating, surfing. Fishery and others 
[18]. 

 Domestic Water is the unit volume of water use for public 
need [19]. 

 Flushing Water is the water volume that should always be 
on the river or base flow. 

The new model as the tool is used to find the optimal 
solution. Start the process with the mathematical model to be 
answered (a) What variables or unknown factors that must be 
found; (b) What constrains that required to optimize the 
process; (c) What are the objective functions to gain the best 
result. 

The river manager will determine the water volume amount 
required or discharge to be drawn from each reservoir at the 
river system. To draw the water volume amount there is a 
calculation as an economic allocation to get a maximal 
income,  
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on the other hand the user-need abundant water with a 
minimal price [20]. For example; the reservoir has 6 million 
m3storage at the first semester and 8 million m3 at the second 
semester [21]. The Irrigation required two times amount of 
water than the Hydro power does at the first semester. At the 
second semester Hydro power require two times more than 
the irrigation requirement. Hydropower required a one 
million m3 more than the irrigation requirement. Hydropower 
requirement should always bellow two million m3 of water. 
The price of each unit for irrigation, in the Indonesian Dollar 
thousand (IDR), is two and three for the Hydropower. 

To solve the problem, there are some variables to be 
considered, which is 

(a) The variable: x1 = irrigation requirement; 
 x2 = Hydropower requirement; 
(b) Objective Function:  Maximize Z = 3 x1 + 2 x2; 

Constrain: x1 + 2 x2 ≤ 6 10
6; 2x1 + x2 ≤ 8 10

6;  
x1 – x2 ≤ 1.10

6 ; x1 ≤ 2 .10
6; x1 ≥ 0; x2 ≥ 0 

The mathematical model can be solved using a graphical 
method in Fig. 3 as follows: 

 
Fig. 3. Graphical Optimization solution 

The graphical method shows the optimal solution related to 
the extreme point. For example, for two variables it should 
have more than two variables. It should be better to use the 
Simplex Method in Linear Programing [22], [23], [24]. 

D. Water Allocation and Water Price Model 

The optimization model in this study is a deterministic 
mathematical model with the aim of optimal solving, the 
testing method is not suitable for systems that do not yet exist, 
so the test is only a comparison with other mathematical 
models [25]. To meet the criteria for a comprehensive 
optimization study containing elements of the allocation 
along with the value of water, the optimization of the 
description consists of three stages: 

 Optimization of allocations with reservoir outflow 
optimization. 

 Optimize prices by meeting reservoir cost targets and 
facilities and maximize user income. 

 Post optimization analysis by regressing the optimal 
allocation and price so that form an equation that can 
be used as a benchmark for water prices. 

The Objective Function is to maximize x and minimize y: 
 
   (3) 

 
If n = 5 then TNB = (B1 - y1)x1 + (B2 – y2)x2 + (B3 – y3)x3 + 

(B4 – y4)x4 + (B5 – y5)x5; The variables are; -y1, y2, y3, y4, y5; 
(WaterPrice); - x1, x2, x3, x4, x5 (Water Allocation) 

The constraints are; z = y1x1 + y2x2 + y3x3 + y4x4 + y5x5 
(Target); x1, x2, x3, x4, x5 … ≥ Requirement (Volume 

Constraints); x1 + x2 + x3 + x4 + x5 ≤ Reservoir Capacity 

(Volume Constraints); y1, y2, y3, y4, y5 ≤ Decision Ratio; B1, 

B2…..B5 = income per m
3; Z = Target (Cost of Reservoir and 

its facility); TNB = Total Net Benefit  

E. Reservoir Allocation Optimization  

Reservoir outflow optimization is a reservoir outflow 
optimization arrangements to produce maximum benefits, 
especially in multi-purpose annual reservoirs whose 
optimization role are very important [26], [27]. The reservoir 
outflow optimization completion of this model is using a 
program solver which essentially maximizes the reservoir 
outflow amount with the limit of storage volume and the 
amount of the user needs. The solver program has advantages 
in the optimization process, the optimization process time is 
shorter than other optimization programs [28]. 

The purpose of optimization of reservoirs that have 
hydropower facilities: 

Purpose Function: 
Max E = E1 + E2 + E3 + E4 + E5 ………… .En 
Obstacles : 
Smin <Sn <Smax 
Turbine outflow> Q downstream 
One year total outflow = One year total inflow 
Where: 
E = Energy per year (KWH) 
E = 9.8 e Q H x time 
9.8 = gravity number (m/sec2) 
e = turbine and generator efficiency 
Q = turbine inlet (m3/sec) 
H = hydropower effective Head (m) 
Time = hour 
E1, E2, E3, ……… En = Monthly energy. 
Sn = Monthly pool (m3) 
S min = minimum storage (m3) 
S max = maximum storage (m3) 
Turbine out flow = Hydroelectric discharge (m3/sec) 
Q downstream = discharge in downstream reserv. (m3/sec) 
For daily reservoirs that do not function to store water, the 

purpose of the optimization is somewhat different because at 
any time the inflow value is assumed to be the same as the 
outflow value.  

F. Basic Water Price Optimization Policy 

The basic price optimization policy is the planned limit to 
meet the three optimization constraint criteria. This criterion 
is a presentation of several options to give a freedom to the 
model users.  
 Water prices determination is according to the economic 

law which adheres to lower prices for more goods [29]. The 
pricing determination policy for model 1,  
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is according to the economic law, which is the water 
consumption at a lower price than those who take less 
water. The policy criterion is translated as the price rises for 
less usage. 

 Water prices determination based on the environmental law 
to preserve the increasingly limited presence of water [30]. 
According to the environmental law, model 2 takes a higher 
water price policy for taking a larger water collection. The 
policy can be translated with the price criteria increasing for 
greater needs. 

 Water price determination according to the fairness is 
proportional to the user income. If the user income is higher 
than the water price is higher too. So if the user income is 
smaller, then the water price is also low [31]. This policy 
for model 3 is translated as determining water prices and 
allocating water comparable benefits (income). 

The policy that contains the three main bases of the 
optimization model is an obstacle in the element of price 
optimization. This basis is then processed in the form of a 
ratio or number of conversions to the program built so that the 
model requirements can be met. 

G. The Decision Ratio 

The boundary meets three constraints based on the of 
Water Price Optimization decision. The constraints are: 
 Price Increase in less water utilized. 
 More water utilized more water price. 
 The water price increase when the benefit is higher. 

H. Regression Analysis 

The regression analysis applied to show the relation 
between water allocation and price easier. The three 
non-linear equation convert to linear equation that is: 

Power equation: 
 y =  x (4) 
This equation can be expressed in a logarithmic equation 

Log Ŷ = log  -  log x. This term is a linear function in log x 
with variable: y = log ; x = log x. The non-linear regression 
turn into linear regression: y = arc log  x; where  = 1/n ∑ yi 

- / n ∑ xi = ỹ - x;  = (∑ xi yi - n x ỹ)/ (∑ xi
2 
– n x2); yi = 

Total price; xi = total allocation and n = sample amount. The 
regression effect y toward x can be obtained R2 = 1 – S2y/Sy2,  

While: S2y = 1/ (n-2){ ∑
n (yi - ỹ)2 - ß ∑

n  (xi-x)2 }; Sy2 = 
1/(n-1) ∑n (yi - ỹ)2 

If the R2 value is approaching to 1 then all data would 
comprise in the regression equation.  

Exponential equation:  
 y =   ex  (5) 
This equation is changing to Lne equation to be Ln y = Ln  

- x Ln e. This form as a linear function in Ln e, with variable 
y = Ln y; x = x; The non-linear equation is turned into linear 
equation y = arc ln  ex; ,  , R2  be obtained equal to the 
power equation: 

The Logarithm equation: 
 y =  log x + ;  (6) 
This term be converted to linear equation; the variable y = y 

and x = log x; ,  , R2 be obtained equal the power equation 
is the prevailing drag form at supersonic speeds, careful 
selection of  the nose and tail shapes is mandatory to ensure 
performance and operation of the over-all system. 

III. RESEARCH METHODE MODEL STRUCTURE 

This research is model making that requires computer 
equipment and soft programs. Data needed include data on 
reservoirs along the Brantas River such as reservoir inflow 
and outflow data, reservoir technical data (maximum and 
minimum reservoir reservoir capacity, flood elevation, lowest 
water elevation, inundation area, high fall PLTA), irrigation 
area data (area, discharge planting needs). Data on reservoir 
costs, benefits (irrigation), hydropower, flood control, 
industry, drinking water. The data obtained is directly there 
which also needs to be analyzed or calculated before entering 
into the optimization program. 

Direct data include: Map of study area and reservoir 
location, debit data, technical data, total reservoir cost data, 
irrigation area data. Data analyzed or calculated: Hydropower 
needs and benefits, irrigation needs and benefits, flood 
control needs and benefits, drinking water needs and benefits 
and annual reservoir costs. 

Brantas River has 4 single reservoir with every reservoir 
has users such as Irrigation, Hydropower, Flood Control, 
Domestic Water and Industry. The research applied to four 
single reservoirs which are the Sengguruh, Wonorejo, 
Selorejo and Bening reservoirs. 

The Two Steps optimizations are the Outflow optimization 
and the Price optimization.  Every reservoir has a different 
function as a yearly or daily reservoir. Yearly reservoir has a 
large reservoir it can store a year water inflow (discharge). 
Daily reservoir has a small reservoir it can just store a one of 
water inflow (discharge). At Brantas River there are four 
yearly reservoirs which are Sutami, Wonorejo, Selorejo, 
Bening and the rest are as daily reservoirs. The Brantas river 
single scheme could be seen in Fog. 4. 

 
Fig. 4. Brantas River Single Reservoir Scheme 

A. Constraints Determination 

Model determination with a single reservoir scenario is part 
of the multi reservoir scenario. In the Brantas River, the 
existence of large reservoirs is operationally inseparable, so 
ideally the optimization model is carried out with multi 
reservoirs.  
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However, in accordance with the direct usage rules 
regarding the amount of payments imposed on each user, 
there should be a legal basis that can be accepted by the users. 

As an illustration, the reservoir users will not mind paying 
the price of water to the reservoir manager where users get 
water, if they are burdened with financing other reservoirs that 
they do not directly use, problems will arise. For this reason, 
this optimization model will also provide optimization of 
reservoirs separated or single reservoirs with constraints that 
meet water requirements. 

B. Model Structure Planning  

The research system is making and designing the model as 
in the flowchart  in Fig. 5. 

 
Fig. 5.  Model Making Flow Chart 

Optimization of a single reservoir if it is not related to other 
reservoirs, the Maximize Total Net Benefit of each user Max 
TNB = ∑

n
i =1 (Bi-yi) yi, n = 5 

Constrain: xi ≥ Water Volume requirement; ∑ 
n
i =1 xi ≤ 

Water volume regulation; yi….≤ ratio model; Bi = Benefit per 
m3; Z =∑ 

n
i =1 xi yi; Z = Total cost of the reservoir. 

Price regulation depends on mutual agreement between 
managers and users. In accordance with the timing of debits 
calculated in the annual period, all components related to time 
and costs are converted on an annual basis with a component 
of interest that is generally accepted in Indonesia (around 
12%). 

C. Multi Reservoir Constraints Arrangement 

Water volume constraints that is complicated because of 
the large amount of related user water volume. The  discharge 
is always changing depending on the climate conditions [11]. 
The amount of discharge is interconnected between  the user 
and reservoir  withdraw.  As at the reservoir scheme where 
downstream reservoir depend on upstream reservoir, small 
change at the upstream reservoir will change all distribution 
systems. The upstream discharge continuity formula = 
downstream discharge if no additional or minus at any time. 
The notation = ∑Qn inflow = ∑Qn outflow  ( n = 1, 

2………4). 
The model determination with a single reservoir scenario as 

part of the multi reservoir. The operation model with a large 
reservoir at Brantas River must be a one packed plan it could 
not be separated. The accepted rule must be given to the user 
to cope water payment fairly. Cost component that is related 
to time in this research is applied for 12 % rate annually. The 
main constraints include the reservoir capacity, price rule 
which is summarized in Table- I. 

 

 
Table- I. Constrain record 

(Objective Function)  Max: TNB  = ∑
n

i =1 (Bi-yi) xi , n = 5 
1 2 3 4 5 

Res. Out flow User Requirement 
Model I, Price 
Decrease,  
Alloc.Increase  

Model II, Price 
Increase, Alloc. 
Increase 

Model III, Price 
equates Benefit 

Q1 ≥ ∑x11 +...x15 x11...x15≥ m11…m15 y11...y15 ≤ r11…r15 y121…y125≤ r121…r125 y131…y133 ≤ r131…r135 
Q2 ≥ ∑x21+…x25 x21...x25≥ m21…m25 y21...y25 ≤ r21…r25 y221…y225 ≤ r221…r225 y231…y233 ≤ r231…r235  
Q3 ≥ ∑x31 +...x35 x31...x35 ≥ m31…m35 y31...y35 ≤ r31…r35 y321…y325≤ r321…r325 y331…y333 ≤ r331…r335 
Q4 ≥ ∑x41 +...x45 X41...x45 ≥ m41…m45 y41...y45 ≤ r41…r45 y421…y425≤ r421…r425 y431…y433 ≤ r431…r435 
Note: 

Title: Objective function of price optimization; Column 1: Outflow Total Volume ≥Total allocation; Column 

2: Total Allocation ≥Total user requirement; Column 3: model I Price Decrease, Allocation Increase: Price <1st 

Coefficient Ratio Model; Column 4: model II; Price Increase, Allocation Increase: Price <2nd Coefficient Ratio 
Model; Colom 5:  model III Price equates to Benefit: Price<3rd Coefficient Ratio Model. 

 
Optimization of a single reservoir if it is not related to other 

reservoirs, the Maximize Total Net Benefit of each user Max 
TNB = ∑

n
i =1 (Bi-yi) yi, n = 5 

Constrain: xi ≥ Water Volume requirement; ∑ 
n

i =1 xi ≤ 

Water volume regulation; yi….≤ ratio model; Bi = Benefit per 
m3; Z =∑ 

n
i =1 xi yi; Z = Total cost of the reservoir. 

D. Sengguruh Reservoir Constraints Arrangement 

As mentioned above that water volume constraints that is 
complicated for a single reservoir for Sengguruh reservoir.  
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Because of the large amount of related user water volume. 
The Sengguruh resorvoir  discharge is always changing 
depending on the climate conditions. The Sengguruh 
reservoir amount of discharge is interconnected between  the 
user and other reservoir  withdraws. It is always happening 
that the single reservoir scheme where downstream reservoir 
depend on upstream reservoir, small change at the upstream 
reservoir will change all distribution systems. The upstream 
discharge continuity formula = downstream discharge if no 
additional or minus at any time.  

The model determination should always refer to the single 
reservoir scenario as part of the multi reservoir. As mentioned 
before that at the Brantas River, as a large reservoir operation 
model, must determine as one packed plan, it could not be 
determined separately. The accepted rule must be given to the 
user to cope water payment fairly. The same value for the cost 
component related to time in this research is taken as big as 
the 12 % rate annually. The data constraints summarized for 
the Sengguruh reservoir could be seen d in Table- II. 

Table- II.  Data constraints (Sengguruh) 

Total Outflow 106 m3 1324 
Cost/Year IDR 106 39976 
Irrigation Need 106 m3 - 
Raw Padi Price IDR/kg 700 
Energy/Year 106 KWh 75,29 
Price/KWh IDR 1200 
Res.Area 106 m2 2,37 
Flood Control Benefit IDR/m3 352 
Industrial Benefit IDR/m3 105 

E. Reservoir Category 

Single reservoirs consist of 4 reservoirs which are 
Sengguruh, Wonorejo, Selorejo, Bening. In this research 
case, the single reservoir chosen as the sample determination 
is the Sengguruh reservoir. 
F. Model I: Price Decrease, Allocation Increase 

The Model ratio number is the cost of the reservoir divided 
by the allocation times the constant. 

Z / (xi * Bi) * C (7) 
The water price y ≤ Ratio of each user; so y1 ≤ Z / x1 * 

B1*C; Z = Reservoir Annual Cost; x1 = User 1; B1= User 1 
benefit per m3; C = conversion constant. 
G. Model II: Price Increase, Allocation Increase 

The ratio number for model II is the allocation time benefit 
divided by the average cost times the conversion constant. 

The ratio number formula for Model II  
= xi * Bi / (Z / n) * C 
For user 1: 
y1 ≤ x1 * B1 / (Z/ n) * C; 

x1 = User 1 allocation (m3); B1 = Benefit (IDR/m3); 
Z = Total cost of reservoir (IDR); n = user number; C = 
Conversion constant. 

H. Model III: Price Equates to Benefit 
The Model III Ratio Number is the allocation time benefit 

divided by the average allocation times total benefit times 
constant. 

The Ratio number formula for Model III is: 
  xi * Bi / ((∑ 

i
1 xi) / i) * ∑

i
i  Bi)) *C 

For user 1 on the Reservoir that has 5 users: 
y1 ≤ x1 * B1 / ((∑

i
1 xi) / i * (∑

i
1 Bi)) * C 

Where: y1 is the Water Price per m3; B1 is the User 1 benefit 
(IDR/m3); (∑5

1x) / 5 is the average allocation (m3); ∑4
1B is the 

Total benefit (IDR/ m3); C is the Conversion constant. 

IV. RESULT AND DISCUSSION 

The optimization results in the form of the amount of water 
allocation and water price of each reservoir also are a result of 
overall optimization with three policies. This result is very 
useful if it can be used as a benchmark not only now but in the 
future. The form of a function in the form of a graph will be 
more supportive for knowing allocations and prices and can 
be treated in general. 

If the variable Y price function and variable X as an 
allocation function, the relationship between these functions 
is regressed to determine the correlation analysis between 
price and allocation in all cases. To sort out the optimal results 
in a coherent manner, the results are divided into 3 main 
relationships, namely: 
 The relationship between the water allocation and water 

prices of all users for the entire system. 
 The relationship between the user allocation and water 

prices in each single reservoir. 
 The relationship between the water allocation and water 

prices of a group of users. 
The users are the irrigation users, the hydropower benefit 

users, flood control, industry and drinking water. The 
example data for Sengguruh reservoir could be seen in Tabel- 
III. 

 
Table- III. Model 1.1. Sengguruh Optimization result 

Optimization result 
Total Net Benefit 53713 (106 IDR)  

Users Allocation Price Power Exponent Log. 
Hydro Power 1342 29 23 28 -10 
Flood Ctrl. 1.42 320 223 132 256 
Industrial 19 53 95 130 155 
Total 1362 402 341 290 402 
Average 454 134 114 97 32 
 

The users are the irrigation users, the hydropower benefit 
users, flood control, industry and drinking water for 
sengguruh reservoir graph could be seen in Fig. 6. 

 
 

 
 
 
 
 
 
 
 
 
 
Fig. 6. The relation between the water allocation and 

water price on Sengguruh Reservoir 
Example: Water Allocation 106 m3, Water Price = IDR.50 / m3 
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The optimized result shows the water allocation and price 
of each reservoir with three categories. This result is useful to 
determine the minimal water price on the right allocation. The 
graphical presentation is easy to obtain the water allocation 
and its price. If y variable as price function and x variable as 
allocation function, then the relation between x and y has to be 
transformed into a regression function. Therefore the 
regression function shows the price and allocation correlation 
on all conditions. The result of this simulation is to obtain a 
relationship between the allocation of water and the price of 
water for user groups in the Sengguruh Reservoir.  

The simulation results can be applied to every single 
reservoir along the Brantas river. 

V. CONCLUSION 

The Research Model has been made to optimize the water 
allocation and water price. The result that is the regression 
function relation between water allocation and price show the 
equation of the chosen model. x (106 m3) is the Water 
Allocation and y (IDR) is the Water Price/m3. 
Variable factors taken into account in determining the value 
of water are obtained in a linear optimization model with the 
form of the objective function Max Z =  Xi Yi, which 
consists of variables X and Y where these two variables are 
greatly affecting the optimal results, for that in operation 
optimization of this model uses these two variables. 
Optimization of the old method is only an X variable that is 
optimized, so that the results are less optimal. Comparison of 
the optimization of the old and new methods applied to one of 
the reservoirs, with the same allocation (X = 270,106 m3), 
getting a new Y water price = IDR 48 / m3 smaller than the old 
Y water price = IDR 65 / m3. The new Y water price is more 
optimal because the value is smaller. 
In studying and obtaining optimal allocation for users, the 
water allocation optimization model for each reservoir is to 
obtain the optimal water allocation result. 
The development of an optimization model of water prices 
based on the prevailing policies and the amount of 
optimization of water allocation is to obtain three complete 
price simulations. 
This model makes it easier to find out the optimal allocation 
and quantity of water prices using graphs or tables of the 
optimization results. 
If the allocation and price optimization results stated in the 
regression equation, then the water allocation X is equal to 
106 m3, the water price Y (IDR) = equal to water price / m3, 
the Z Total reservoir cost is equal to IDR 106, and the Total 
Net Benefits TNB is equal to IDR 106, the model results are 
Y = 250.88 X -0.3315 and Z = 39976; TNB = 53713, for the 
Sengguruh Reservoir. The Water Allocation and Price 
equation resume could be seen in Table- IV.  

 
Table- IV. User Water Allocation and Price 
User Price Equate To Benefit 
Irrigation y = 0.0832 x 1.0049 

Hydropower y = 0.5997 x 0.598 

Flood Control y = 0.525 Ln (x) -0.0629 
Industrial y = 0.1 x 0.5612 
Domestic 
Water 

y = 0.308 x 
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