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Western Sterea Hellas

Decision Support System

1. Introduction

Western Sterea Hellas Decision Support System (WSHDSS) is a decision support
software for the management of the Western Sterea Hellas Reservoir System in Greece. WSHDSS
includes a database, a Forecast-Control Model, a Forecast-Control-Simulation Model, and a
graphical user interface. This manual describes the usage of the software package, while the model

- theory is the subject of a separate technical report.

2. System Requirements and Installation

WSHDSS is a user friendly software running on IBM-compatible personal computers under
the Microsoft Windows environment. Its graphical user interface (GUI) is written in Microsoft
Visual Basic Language, while its mathematical models are programmed in standard Fortran
Language 90 and compiled by the Microsoft Fortran Power Station 4.0. To run WSHDSS, the

following hardware and software are needed:

O An IBM-compatible PC with a Pentium Processor
Q A hard disk with 10 Megabyte free space

Q A 3 %" floppy drive or a CD Drive

Q 32 Megabyte of RAM

U A mouse

Q MS Windows 95/ NT 4.0 or higher Operating System

WSHDSS can be installed using the program SETUP.EXE. To copy the software to your
hard disk from the setup floppy disks, follow the steps outlined below:
1. Insert Disk 1 in Drive A.




3. Models’ Overview

The Western Sterea Hellas Reservoir System include three existing reservoirs (Kremasta,
Kastraki, and Stratos) and four proposed reservoirs (Mesohora Sykia, Pyli, and Mouzaki). The
Mesohora, Sykia, Kremasta, Kastraki, and Stratos reservoirs are in the Acheloos Basin while Pyli
and Mouzaki reservoirs are in the Thessalia Valley.

Thessalia Valley is in central Greece and is a key agricultural region for the national

economy. However, in recent years, the impacts of population growth and agricultural expansion

have resulted in frequent droughts, diminishing water supplies, and ecosystem degradation. To

reverse this trend and to maintain the sustainability of the land resources, a water diversion has been
proposed from Acheloos River Basin. The diversion is planned to take place from Sykia. Figure
1 schematically depicts the layout of the hydraulic works that would enable this inter-basin water
transfer.

The control model included in this software incorporates all major elements of the system
configuration. The model includes a forecast-control (i.e., optimization) and a forecast-control-
simulation component. The purpose of the forecast-control model is to develop optimal reservoir
operation policies, while that of the forecast-control-simulation model is to evaluate the performance
of these policies over the historical inflow record.

To make a control or control-simulation run, inflow forecasting traces for all reservoirs must
first be provided. In both applications, a Corridor-based inflow forecasting model has been
developed and is coupled with the control and control-simulation models. The control model
determines the optimal operation of the reservoirs. Namely, it uses the forecasted inflows to
determine reservoir release sequences which meet certain systemwide objectives. The simulation
model simulates the response of the system under the guidance of the control model over the
historical inflow record. This model can be used to assess the benefits of the reservoir regulation
and of the various system configurations.

In general, Windows-based applications consist of a set of windows (or screens). In
WSHDSS, each model has one input window and one or more output windows associated with it.

The input window defines the data necessary to run the model, while the output windows display




4. Starting WSHDSS

WSHDSS is launched by double clicking its icon. The software title (first) window of
WSHDSS will appear as shown on Figure 2. The starting window contains the software title and
information about the developers. This window will automatically disappear after about 5 seconds,
and the second window, Model Selection, showing a schematic of the system (Figure 3), will appear
on the screen. If you do not care to wait, you can double-click the mouse on the title window, and
the Model Selection Window will show-up right away.

The Model Selection Window is the starting place for WSHDSS models. Three items are
provided on the menu bar: Forecast-Control, Forecast-Control-Simulation, and Exit. The first
two launches a run of the two respective model and Exit terminates this run.

You can either run the control model or the simulation model by just clicking the
corresponding menu item. In what follows, the features of the control and simulation model

interface are discussed through sample runs.




5. Control Model
5.1 Control Model Input

If you select Forecast-Control in the Model Selection window, the input window for the
control model appears on the screen (Figure 4). The input data are grouped into three folders: Data
Files, Control Parameters, and Reservoir Parameters.

Data Files are grouped into two panels: Input Files and Output Files. The three input data
files should be piepared first outside this interface using any ASCII editor. The first ﬁie is the
Historical Inflows. In this file, you prepare the historical inflow data for all reservoirs. This file is
used as the database by the inflow forecasting model to make predictions. A sample file,
grkhisfl.dat, is provided. If you would like to use a custom file of historical flows, the custom file
needs to follow the same format as in grkhisfll.dat. A partial listing of this sample file is shown

below:

Monthly Inflows (m*3/s) Used as Database for the corridor forecasting model
Starting yyyy mm; Ending yyyy mm

1960 10

1994 9

Mesohora Sykia Kremasta Kastraki Stratos Pyli Mouzaki

196202 37.077 37.120 89.003 27.000 9.510 8.414 .720

196010 6.712 4.385 31.504 11.500 2.705 0.000 0.068
196011 15.874 16.980 32.146 12.100 3.855 1.383 - 0.000
196012 58.682 55.089 175.429 35.300 16.225 9.024 6.541
196101 29.377 22.868 90.855 22.400 8.275 5.743 4.116
196102 22.267 25.029 86.304 24.000 7.880 6.316 4.400
196103 26.257 19.550 67.894 13.800 6.375 7.316 4.609
196104 19.635 23.984 62.682 10.400 5.835 3.550 1.193
196105 17.583 18.142 41.775 11.600 4.455 2.169 1.339
196106 8.132 8.022 26.645 10.100 2.645 1.061 0.510
196107 3.852 4.344 21.803 10.100 2.005 0.456 0.866
196108 3.049 0.000 17.051 8.200 1.415 0.211 0.221
196109 0.122 0.187 18.191 9.400 1.395 0.193 0.385
196110 10.375 7.140 15.585 10.900 2.200 2.337 0.929
196111 31.113 30.032 86.956 22.800 8.545 8.339 3.596
196112 35.450 33.709 82.941 21.200 8.665 10.430 5.076
196201 22.050 19.992 62.258 18.600 6.145 5.565 3.533

3

8

196203 70.782 72.084 187.134 41.700l18.585 17.766 .840
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the net evaporation rate to compute the actual reservoir evaporation loss (or gain). If more recent
information becomes available, these data files should be updated. The last item in this file is the
irrigation demand percentage distribution. This distribution is used to compute the Pyli upstream
water demand discussed earlier and also used inside the control model to generate the release
minimum constraint for Mouzaki if a diversion occurs. The monthly minimum release constrain for
Mouzaki is equal to the annual planned diversion volume multiplied by the corresponding
distribution coefficient.

The third file, Control Model Parameters, contains the parameters used in the ELQG
control model. To fully understand the meaning of each parameter in this file, you need to consult
the corresponding technical report. This file contains the penalty coefﬁcients in the objective
function. By changing the relative magnitude among the penalty coefficients, you can conduct runs
for different scenarios. However, to achieve the desired results, you must be experienced in
calibrating the penalty coefficients. The full listing of a sample file, grkdppara.dat, is given

below:

This file contains optimal algorithm related parameters

BETA, SIGMA, EIMIN (ELQG PARAMETERS)

0.05 .01E-10 0.001

Penalty for Energy Value PENA(i)

1.E-4 1.E-4 1.E-4 1.E-4 1.E-4 1.E-4 1.E-4 1.E-4 0.
Penalty for Target State PENB(I)

1.E2 1.E2 1.E2 1.E2 1.E2 1.E2 1.E2 0.E2 0.
Penalty for Target Control PENC(I)

1.E3 1.E3 1.E3 1.E3 1.E3 1.E3 1.E3 1.E3 1.E3
Penalty for State Constraint PEND(I)
"1.E6 1.E6 1.E6 1.E6 1.E6 1.E6 1.E6 O.EG. 0.
Penalty for Level Proportional Terms PENE(I)

0.E6 0.E6 0.E6 0.E6 0.E6 0.E6 0.E6 0.E6 0.
Penalty for Target State PENEB(I)

1.E4 1.E4 1.E4 1.E4 1.E4 1.E4 1.E4 1.E5 0.E-7
Penalty for State Constraint PENED(I)

1.E6 1.E6 1.E6 1.E6 1.E6 1.E6 1.E6 0.E6 0.

Again, this data file follows the same general comment-data rule as before. The first three

numbers BETA, SIGMA, and EIMIN are ELQG related internal parameters. Ordinarily, you should

13




Recent Monthly Inflows Record (m*3/s)
Starting yyyy/mm; Ending yyyy/mm
1961 7
1961 9

Mesohora Sykia Kremasta Kastraki Stratos Pyli Mouzaki
196107 3.852 4.344 21.803 10.100 2.005 0.456 0.866
196108 3.049 0.000 17.051 8.200 1.415 0.211 0.221
196108 0.122 0.187 18.191 9.400 1.395 0.193 0.385

This file should be prepared before launching the WSHDSS run. It has the same format as the
Historical Inflows. Note that the starting time and the ending time, which determine the length of
this file, should be consistent with the starting time and the Corridor length specified in the
interface. The current version of this software does not check the time consistency. A later version
-will make this more automatic and remove the redundant information.

In the Energy and Price Data, you specify the following input data: Primary Energy
Price (dr/KWH), Secondary Energy, Price(dr/ KWH), Pumping Energy Price (dr/KWH),
Irrigation Price (dr/m’? ), Maximum Daily Peaking Hours, and Maximum Daily Pumping
Hours. The pumping price usually is the same as the secondary energy price, but can be different.
The Maximum Daily Peaking Hours and the Maximum Daily Pumping Hours are assumed to
be 6 and 8 hours every day.

In the System Configuration Options, one can select one of the four predefined options
to run the control model. Depending on the selected system configuration, some other input
parameters may not apply. For example, if the first option is selected, then, the diversion should be
zero, and the pumping operation of Pefkofito should be unchecked. The control model internally
does the data validation. However, you should also understand the input data consistency. The A
future software version could include the data validation from the interface as well. The control
model can be run either with or without the Pefkofito pump-storage mode. Check the associated box
if pump-storage mode is active. In the Diversion box, type the annual planned diversion number
in million cubic meters, for example, 600.

The last panel is Control Intervals, where you specify the Control Horizon and the

Starting Date. Control Horizon is the number of months into the future considered by the control
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of the control program “grkreg.exe”. File grkreg.in is an ASCII file. You can open and modify it
with any text editor.

A sample is listed below:

This file contains input data generated by the interface for the control program
Historical Inflow Database file

grkhisfl.dat

Simulation Inflow file

grkfl0.dat

Time Dependant Parameter File

grktimepara.dat

DP Parameter File

grkdppara.dat

Elevation Output File

htrc.out
Inflow Output File
wtrc.out
Release output File
utrc.out

Primary Energy File
eptrc.out

Secondary Energy File
estcr.out

Total Energy File
etrc.out

Primary Energy Value File
epvtrc.out

Sscondary Energy Value File
esvtrc.out

Total Energy Value File
evtrc.out

Annual Stats File
statstrc.out

Spill Output File
spltrc.out

Deficit File

dfcttrc.out

Evaporation Loss File
evplstrc.out

Irrigation Value File
irrigvtrc.out

Control Horizon in Month LT:

12
Starting Year and Month:
1961 10
Number of Forecasting Traces NTRC
20
Lag-Time of Previous Flow Used for Corridor Model NCOR (Months)
3
Elevation Reliability Level (%) PCT
50 50 50 50 50 : 50 50

Price for Primary Energy RATEENP, Secondary Energy, PUMPING RATEENS (dr/kwh)
12 6 6
Price for Irrigation RATEIRRIG({dr/m"3)

20
Number of Peak Hours Per working day NPKHRO (Max. 24)

6
Max. Pumping Hours Per working day NPMPHRO (Max. 24)

3
Initial Elevations (m)

768 540 275 143 68 335 285
Max. Elevations (m)

770 550 282 144.2 68.6 335 290
Min. Elevations (m) )

731 485 227 142 67 310 250
kunning Target Elevation (m)

770 550 282 144.2 68.6 335 290
Environmental Flow (m”~3/s)

1.5 5 0 0 0 0.5 0.15
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5.2 Control Model Output

Figure 7 shows a picture of the control model output window. The model generates
sequences of elevations, releases, inflows, spillage, deficit, evaporation loss, irrigation value,
primary energy, secondary energy, total energy, primary energy value, secondary energy value, total
energy value, and associated statistics. In the interface, the sequences are displayed by reservoir, as
shown on the menu bar. For each reservoir, WSHDSS displays sequences by four screens:
Flow/Level/Release, Energy, Energy Value, and Irrigation Value. You can switch the screens by
pressing the corresponding buttons. You can display either the entire traces or just the ranges for
all the quantities by selecting the associated option buttons located in the middle left of the screen.
For each reservoir, the annual statistics of mean, maximum, and minimum values of energy, energy
value, inflow, release, and irrigation value are shown in the table located at the left bottom. If you
select Pefkofito under the Reservoir Plots menu, the sequences of diversion (release from
Pefkofito), energy generation, and pumping energy consumption will be shown on the screen. To
see the sequences of system quantities such as system energy, energy value, and irrigation value,
select the menu item System under the Reservoir Plots.

After each run, the control model results are saved in 14 files specified in the input window.
You can review the results outside WSHDSS or directly from the interface. By selecting the menu
item under Tables, you can open the corresponding output files with the Windows program
Wordpad. The output files for the traces are saved in a tabular format and are self-explanatory. You
should not make any changes while viewing the output files during the current run because
WSHDSS reads the same files for the display. If the file format is changed, the display of the
various sequences may malfunction. However, you can save these files under different names for
other purposes such as technical reports. The annual statistics of some important quantities are saved

in a separated file. A sample is listed below:

Control Model Statistics

Annual Inflows Max. Min. Mean (mcm)

1 1316.58 366.25 706.78
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Storage Change Max. Min. Mean (mcm)

1 -15.78 -210.38 -104.67
2 ~-82.53 -385.39 -204.84
3 268.14 -1158.02 -257.17
4 29.50 ~-20.59 4,72
5 4.49 -7.18 -1.32
6 -2.58 -45.34 -21.90
7 -89.43 -136.15 -129.48
Annual Irrigation Value (Bdr.)
1 .00 .00 .00
2 .00 .00 .00
3 .00 .00 .00
4 .00 .00 .00
5 9.28% 9.05 9.24
6 .08 .00 .07
7 15.24 11.94 13.87
8 24.57 21.18 23.18

Primary (Max.Min.Mean), Secondary,Total Energy (GWH)

273.27 183.81 248.56
176.25 159.73 168.69
817.65 731.00 771.29
555.80 497.73 517.36

272.26 244.69 252.70

.00 .00 .00
346.93 231.21 284.67
510.78 452.51 498.32

.00 .00 .00

2947.77 2524 .50 2741.57
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6. Forecast-Control-Simulation Model

6.1 Forecast-Control-Simulation Model Input

To run the Forecast-control-simulation model, select it from the menu of the model
selection window (Figure 3). The forecast-control-simulation model data input window appears on
the screen. The interface structure of the Forecast-control-simulation model is very similar to that
of the control model. The input data are also grouped in three folders: Data Files, Control
Parameters, and Reservoir Parameters.

Folders Data Files and Reservoir Parameters contain the same information as those in the
control model input windows. In the Control Parameters folder (Figure 8), a few differences are
noted in comparison to the same folder in the control model. You do not need to provide the Inflows
file. Instead, you provide a Simulation Inflow file, which contains the historical flows used for the
simulation. This file has the same format as the Historical Inflows file. The sample file,
grksimfl.dat, has the same contents as grkhisfl.dat. However, they are not necessarily the same
since they serve different purposes in the program. The embedded inflow forecasting model will
automatically take the recent inflows from the simulated flow file as the simulation proceeds.

A Perfect Forecast option is provided in the inflow forecast model. It selects the actual
inflow sequences from the historical record and uses them as the forecasts in the control model in
the control-simulation process. This is an ideal case and can be used to investigate the benefit of
more accurate forecasting schemes.

For the simulation, you need to provide the Ending Time. As for the Starting Time, the
Ending Time is also specified with the format of year, month. Both Starting Time and Ending
Time should be within the historical record given in the Simulation Inflow file.

After providing the required input data, you can run the simulation model by pressing the
Run button. The execution of the simulation model varies from several minutes to several hours
depending on the simulation length and the control horizon. When it finishes, WSHDSS brings the
simulation output window up on the screen.

You can simply display the results obtained from the previous run by specifying the

corresponding output file names in folder Data Files, and pressing the Display button on the bottom.
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6.2 Forecast-Control-Simulation Model Output

The Forecast-control-simulation output window is similar to the control output window. It
displays the simulation sequences over the selected historical periods. As in the control model, the
results are displayed by reservoir. For each reservoir, the simulated sequences are shown on four
different screens. You can switch the screens by pressing the corresponding buttons located in the
middle of the screen. The simulated annual statistics are displayed in the table located in the lower
left of the screen. Figure 9 shows a picture from the sample run. You can also view the actual data
ofthe simulation sequences and the annual statistics directly from the interface by selecting the menu
item under Tables. This gives access to the output files specified in the Data Files screen box. All
output files are saved in a tabular format. You can use them to generate plots using your favorite
graphical software. The simulated annual statistics for some important quantities are saved in a
separated file. Probably, this is the only file you will need when you conduct simulation runs for

different scenarios. A full list of the statistics file from the sample run is given below:

Simulation Statistics

1:MESQOHORA 2:SYKIA 3 :KREMASTA 4 : KASTRAKI 5:STRATOS 6 :PYLT 7 :MOUZAKI 8:PEFKOFITO
S:PUMPING 10:SYSTEM

Annual Inflows (mcm)

1 834.61

2 803.58
3 2089.33
4 585.46
5 215.65
[ 183.01
7 97.32

Annual Release (mcm)
1 799.11
2 1101.02
3 3137.17
4 3686.50
5 3769.48
6 176.26
7 972.22
8 600.00

Annual Net Evaporation Loss (mcm)
1 -4.48

-9.23

13.15

6.63

2.03

-1.04

~1.54

N WN
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