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Assessment of Discharge Probability Distribution Effect on Hydropower
Energy Optimization of Maroun Reservoir

1 Maryam Godarzi, %" Seyed Ehsan Fatemi, ® Maryam Hafezparast Mavadat

Abstract

Reservoirs are operated and designed in several aims such as, water demand supply, hydropower energy
generation and flood control reduction. Optimization of reservoir operation is one of the most important
issue in water basin. In this study, optimization of reservoir operation to obtain the maximum agriculture
water supply and hydropower energy production are considered by using chance constrained linear
programming (CCLP). Monthly inflow of 52 years is used to modeling of experimental Weibul
probability distribution for each month. Annual energy production of Maroon reservoir is obtained by
Lingo 16.0 software for a known agriculture water supply (P) and installed capacity 150 MW. Then, the
best probability distribution of reservoir inflow is obtained by Easyfit software 6.0 for each month. The
results showed that the maximum P are calculated 85% and 87% and also the annual hydropower energy
is 174.3 and 172.9 Giga watt-hour (GWh) using experimental Weibul probability distribution and the
best probability distribution of reservoir inflow, respectively. Thus, obtaining the best Inflow probability
distribution does have insignificant effect on optimization. So, considering only the experimental
Weibul probability distribution of reservoir inflow is sufficient in hydropower optimization using CCLP
approach.

Keywords: Hydropower Energy Optimization, CCLP, Lingo, Easyfit 6.0.
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Assessment of Discharge Probability Distribution Effect on Hydropower
Energy Optimization of Maroun Reservoir

Maryam Godarzi 2, Seyed Ehsan Fatemi ", Maryam Hafezparast Mavadat 2

Introduction

The limitation of water resources and its imbalanced distribution, as well as the indiscriminate use
of these limited resources, have highlighted the need for optimal management and utilization of existing
resources in Iran, which is one of the arid and semi-arid countries in the world. This has necessitated the
existence of structures in the water resources sector that are used to store and use surface water resources.
The use of hydropower renewable energy, in addition to significant economic savings, will reduce
environmental pollution, solve the problem of energy supply to remote villages, reduce the relative cost
of agricultural production and ultimately increase the life of fossil resources (Shadravan and
Mansourzadeh, 2003). Chance constrain programming was introduced more than fifty years ago by
(Charnes and Cooper 1959) and then extensively developed by many authors. (Henrion and Rémisch,
2004; Prekopa, 2003; Pr"ekopa, 1995) each of them somehow dealt with the mathematical development
of the stable solution method with probabilistic constraints in linear programming. Therefore, in this
study, the aim is to provide the maximum agricultural demand of the dam downstream with the highest
amount of annual energy produced, provided that the inflow is considered uncertainly. For this purpose,
optimization with linear programming approach by chance constraints has been used.

Methodology

Maroon Dam is built on the Maroon River located in the southeast of Khuzestan province with the
coordinates 36 '42 30" North and 50 21 54" East. The lake of this dam with a capacity of 1079 million
cubic meters of water is 30 km long. Figure 1 shows schematically the water resource and consumption
system of the Maroon Dam basin. The objectives of this dam are to supply hydropower with a capacity
of 150 MW, 2 turbines with a capacity of 75 MW, and to meet the agricultural needs of the plains of
Behbahan, Jaizan, Khalafabad, Shadegan with a total annual demands of 578.65 million cubic meters.

Canal Bed

Povw erhouse

Agricultural

nflow 1.1
__'.

Riverbed
oowerhouse

Downstream

Reservoir storage

Fig 1. Schematic of the water resource and consumption system at the Maroon Dam basin

The objective function and constrained are used in extended lingo model as below:

(1) OF: Maximize ).;}—, EB, ; EB:is the power capacity in period t

(2) Cons.1l: Prob [IRt> Dt] > P ; IRy, Dy and P are Dam release to Agriculture demand,
Agriculture demand in period t and Reliability level to meet the agricultural demand

(3) Cons.2: S¢y1 =S¢+ 1 — IRy — Ry — E; ; S, Si¢ |t <Et and Ryare Reservoir storage at the end
of the month t, reservoir storage at the beginning of the month t, random inflow to the reservoir
in period t, evaporation volume from the reservoir in period t.

(4) Cons.3: E; = Agey + a[%]et ; e, Ao and a are the evaporation height in period t, reservoir

surface in dead storage and the linearization coefficient of the surface with the reservoir volume.
In this study, Ao and a, 6 and 0.0175 are considered, respectively.
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(5) Cons.4: LDR: IR; =S; +1; — Ry — E; — b; ; by is the deterministic parameter and decision
variable in period t.

(6) Cons.5: Hy = y[stzﬁ] + & ; Hy, yand & are water head in reservoir in period t, slope coefficient

and Interception of the linearized relationship of height with changes in reservoir volume. They
are calculated 0.0606 and 442.

(7) Cons.6: RyH; — (RyHo + Reo Hy — Rio Hio) = 1073; Ry and Hy as the average reservoir
release and water head in period t

(8) Cons.7:  EB; = C[R¢(Hy — Hramw — hf) + Reo(He — Hrar, — hg) — Reo(Heo — Hraw — hp)[;
C=0.0034060, Hya1,=375 meter, hi=3 meter.

(9) Hpin < H Net; < Hpax; Hmin= 62 meter, Hy,,x= 127 meter.

To calculate the generating capacity in the uncertainty case with the linear programming approach
by chance constraints, it is necessary to use the cumulative function of the probabilistic distribution of
the inflow to the reservoir per month. For this purpose, the CDF flow per month has been calculated
from two methods. Using the experimental distribution of Weibull and Easyfit software, different
statistical distributions on the inflow for each month were fitted and the best distribution was calculated.

Discussion and Conclusion
According to the results obtained from the optimization model developed in Lingo environment, the
results of energy production obtained with two approaches are presented in Figure 2.
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Fig 2. Comparison of generated hydropower energy in the upper and lower branches in different approach

The results show that if the inflow to the reservoir follows the experimental distribution of Weibull,
the maximum supply of agricultural demands will be 86% and the total annual energy from the reservoir
is equal to 174.3 GWh. While using the best statistical distributions of the inflow to the dam, Using
Easyfit, the maximum supply of agricultural demands will reach 88%, also the total annual energy from
the reservoir is estimated at 172.9 GWh. As a result, it can be said that determining the best statistical
distributions of inflow to the reservoir has no significant effect on the produced energy, so that in this
study less than 2% had an effect on agricultural supply and hydropower production. Therefore, by fitting
the experimental distribution of Weibull to the reservoir inflow, there is no need to select the best
statistical distributions, and it is sufficient for this purpose.
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