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Determination of Peak Energy Generation at

Hydropower Stations by Means of Synthetic Daily
Runoff Series

Edwin Ayros, Alexander Arch, Andras Bardossy

Stephan Heimerl and Pawan Thapa

A very simple disaggregation model is presented. A comparison of the peak

energy production simulation for two scenarios considering historical and

generated daily flows for the period of 1982-1991 furnishes very similar results.

The differences lie in a range between 2.6 % and 5.8 %. The presented

disaggregation model can be applied for a simple estimation or approximation of

the energy production iii hydro power plants.

Ermittlung der Spitzenenergieproduktion bei Wasserkraftanlagen durch

Verwendung von synthetisch erzeugten Tagesabflusswerten

Ein einfaches Dissagreagationsmodell wird hier vorgestellt. Ein Vergleich der

Simulation der Spitzenenergieproduktion basierend auf historischen und

generierten Tagesabflussen im Zeitraum von 1982-1991 ergibt einen Unterschied

von 2,6% bzw. 5,8%. Das prasentierte Dissagregationsmodell kann far eine

Bereching der Energieerzeugung in einer ersten Schritt mit genagender
Genauigkeit angewendet werden.

1 Introduction

With the development of new hydropower projects in the European region, more

attention is given to tile production of peak energy. For designing a power plant
operated with the daily storage, the hydrological data with at least daily
resolution is required to be able to estimate the energy production. But usually,

only the monthly data are available for such projects. However, it is possible to

generate mean daily values from the available mean monthly values which can

be used for the peak energy estimation.

This article deals with the synthetic generation of mean daily flows from tile

available mean monthly flows. The new approach and the involved parameters

for the generation are discussed. The comparison of the generated daily flows

with the observed daily flows validates the approach. Therefore, this
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disaggregation approach is useful for the planning of hydropowerprojects where

the use of available mean monthly flows would have estimate a different and

less reliable annual energy production. The approach is applied, using an

example from a hydropower plant and the subsequent results are presented.

2 Problem of the available runoff records

Usually, only the monthly runoff data are available for the water resources

studies in many regions of the world. The daily outflow data are, in most cases,

either not .measured or are not available. The same is true for other

climatological data. One of the reasons for this is the political instability of a

country because of civil war e.g. in Rwanda, Congo, Burundi, Afghanistan,

Sudan, or because of terrorism as ill the Andes in Peru, etc.

After regaining stability in a country, reconstruction starts. At this time water

resources studies for the establishment of new hydroelectric power plants

(HEPP) or for the rehabilitation of existing hydropower plants are also started.

For the calculation of the peak energy production of a hydropower plant, daily

runoff values are needed, which are mostly not available. However, by

employing a simple disaggregation approach, it is possible to generate mean

daily flows from available mean monthly flows that enable the estimation of

peak energy production.

2.1 The Disaggregation Model

The Disaggregation model is a simple stochastic model which satisfies the

fonowing two hydrological conditions. It is assumed that daily flow to be

generated follow the Gamma distribution (Ayros, 1996). The two parameters

gamma distribution are described by the following equation (Plate, 1993):

104=-·:Pki· -4' , a,B,x>0
B=r(a)

where, a and B are the form parameter and the scale parameter respectively,

characterized with the probability distribution:

(2)
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A random number seriesx„ i=l,2,...,n with length n, is generated which follow a

uniform distribution. n is the number of days in a month. The discharges

Q,(x,) will be calculated with the inverse probability function:

Qi (x,) = F-1(x,), (i=1,2,...,n)

The parameter of the Gamma distribution a and B can be determined through the

optimization of the follow objective function:

04, =(E(Q)-MQH) +(MaxQ-k·MQH7

where E(Q)is the expected value of the generated discharges data Q,.(x,) and

MaxQ is the maximal daily discharge in the month. The optimization should

satisfy the following conditions:

a) The mean calculated from the generated daily discharges Q,(x·,) should be

same as the observed mean monthly discharge MQ,i:

E(Q)=MQH

b) The ratio of generated maximum daily flow E(Qmax) to observed mean

monthly flow should be a constant k:

E(Q max) =k·MQH

3 Hydropower System

The system, where this approach was recently applied, is located in the south-

easter part of Europe. The project includes approx. 200 km2 watershed and is

located just in the upstream of the confluence of two rivers. This watershed is

forested with a mountainous terrain. The average elevation above the sea level is

about 1,540 m. The main characteristic of the streams in the catchments area is

that streams have relatively deep incised river beds, with significant longitudinal
inclination and steep slopes.
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Figure 1: Hydraulic System of the HEPP

The proposed project concept includes impounding flow from two streams

within the watershed by construction of the Dam. Water from the reservoir is

directed to the headrace tunnel (approximately 9 km long) that discharges the

flow through a penstock into the powerhouse. In addition to the flow from the

dam, there are several other intakes, channels, and inverted siphons that are

proposed to gather runoff for power generation (see Figure 1).

In Tablet the gauge station and the tributary area for the intakes as well as the

dam of the project are listed. The mean annual flow in Main River is 5.61 m3/s.

The flows for the intake were estimated using regional relation of the catchment

areas.

Table 1: Mean Annual Flows and Catchment Areas

Station Watershed/Intake

[ ] [-]

A Main River/gauge station

B Dam

C Intake I

D Intake II

E Intake III

F Intake IV

G Intake V

Area

Ikm2]

200

Flow

[m'/s]

5.61

0.962

0.404

0.124

0.211

0.418

H Intake VI 7 1.713

188

Loading Pool
-10185.*

SUge T,mk

n.=ma  q = 5.25 m'ts

Re* rvg ./<*=4415 J
ave Ctiamber

LE.*8742 m

Slption \4 = 22 m'/s

Penstock

HEPP

6 3,96.*

fora-22m#

80 1.78

27

28

12

7

6



Wasserbaukoltoquium 2009: Wasserkraft im Zeichen des Klimawandels

Dresdener Wasserbauliche Mitleilungen Heft 39

4 Energy Production simulation

The generated daily flows, which were generated using the disaggregation

model, were applied with the aim to estimate the peak energy of the hydropower

plant for a long period. For this the ratio value of k==2.5 (ratio of maximum daily

flow to observed mean montbly flow) was selected based on practical

experiences. The value of the selected ratio 2.5 is inside the confidence interval

between 1.2 and 2.6. This confidence interval was estimated using daily records

which could be obtained for short the period from 1982 to 1991, after the

disaggregation model was developed. The selected value 2.5 represents in this

case a conservative value. Using this model, daily flows for the entire period

1946 to 2001 were generated. The optimization was realized using the

Conjugate Gradient Method (Press, 1992).

For lower discharges no limiting factor was chosen in the disaggregation model.

Therefore lower flows in the range between 0 and 1.5 m3/s were generated based

on the monthly flow values compared to the daily flow values (Figure 2).

Nevertheless it can be stated, that this simple disaggregation model furnishes

reasonable flow values within an acceptable accuracy.

Figure 2: Comparison measured and generated daily fiow values

The HEPP is designed to cover a pebod of daily peak consumption in the

electric-power system. The energy simulation was performed and represented on

the daily inflow basis. In the first step of the energy production the hourly
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energy demand was not known. Moreover the operation of the HEPP regarding

daily production and regional conditions was not defined. Therefore, as a first

attempt, two scenarios were developed in order to assess the peaking energy

production.

4.1.1 Scenario 1

In general, in this scenario the system was treated as a run-off-river plant. The

operating rules of this scenario contain three cases for estimating the amount of

peak energy. To generate peak energy for a period of 5 hours at maximum

release, which represents the maximum capacity of the turbine(s), a daily flow

of at least 4.583 03/s (Qtim) to the system is required. Under these conditions

three cases can be defined as follows:

Case 1: If the inflow is less than Q,im, peak energy will be estimated for

5 hours by using a release R, which differs from the maximum discharge

(Qdesign)· If this release R is smaller than the minimum release required for

turbine operation (50 % of Qrde,ign), this release R is set equal to the minimum

release and the time period will be calculated accordingly.

Case 2: In this case, at least 5 hours of peak energy is generated per day,

while the inflows vary between QMm and Qdesign·

Case 3: If the inflow is greater than or equal to the maximum release,

peak energy will be generated per day with maximum release and a period of 24

hours.

The mean difference between estimated energy production using historical flows

and generated flows with regard to the average annual energy is 5.82 % for the

period 1982-1991, the generated flows furnishes in average higher energy

production (Figure 3).

4.1.2 Scenario 2

This scenario considers the peak energy production between 5 and 10 hours, the

active storage capacity is considered in the simulation. If, at minimum, 5 hours

of peak energy can not be generated per day, then the inflow has to be

stored/used for filling of the reservoir for the next day. If the power generation is

possible for more then 10 hours per day, then the power generation is limited to

10 hours, and the rest of the inflow is used for filling up of the reservoir, or

released over the spillway. In this scenario the annual average difference of the
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energy production based on measured and generated daily flows is approx. 2.6

% for the period from 1982 to 1991. Hence the energy production will be

slightly overestimated by using the generated flows (Figure 4).
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Figure 3: Annual energy production - Scenario 1

Annual Peak Energy - Scenario 2
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Figure 4: Annual energy production - Scenario 2

5 Conclusion

A very simple disaggregation model is presented here. A comparison of energy

production simulation considering historical and generated daily flows for the

period of 1982-1991 furnishes very similar results for both scenarios ; the
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differences lie in a range between 2.6 % and 5.8 9. We can conclude that the

results applying generated daily flows reflects the hydrological processes in a

realistic way and therefore can be considered as representative. In further steps

the influence of constant k should be discussed in more detail also with respect

to a definition for a lower boundary.

If either daily discharge is not available or it's not possible to use a daily

rainfall-runoff modeling, the disaggregation model can be applied for a simple
estimation or approximation of the energy production in hydropower plants.

Two scenarios were considered in the energy analysis. The applied method

furnishes realistic and applicable flow values. For a more accurate and realistic

calculations of the energy production, following main conditions have to be

considered:

Estimation of the hourly energy demand curve

Estimation of energy production considering on-peak and off-peak energy

according to the hourly energy demand curve,

Development of an operating rule policy (curve) for the reservoir using

optimization approaches. Here optimization can be, for example: a)

maximization of the energy production considering on-peak as well as off-peak

or b) maximization of the firm energy (Ayros, 2008a,b).

The authors express grateful to Dr.-Ing. Jtrg Grossman for the constructive

comments on the disaggregation model.
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