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1.1

1.2

Introduction to Hydronomeas

General

HYDRONOMEAS is a comprehensive tool for the simulation and optimal
management of water resource systems, incorporating a wide range of physical,
functional, financial, administrative and environmental aspects of water. The software
proposes management policies that minimize the operating cost and the risks
regarding the quantitative and qualitative adequacy of water for every use. Results
are shown in the form of tables and graphs, while simulations are dynamically
visualized.

HYDRONOMEAS is able to provide answers to pertinent questions that concern
water resources administrators, including the following:

2 What is the maximum total withdrawal from the hydrosystem, given the
hydrological regime and the reliability level for achieving targets (water supply,
irrigation, hydroelectric power production, supply, etc.)?

< What is the minimum failure probability in achieving a given set of operational
goals, for a given hydrologic regime? In which month/year is failure probability
increased?

2 What is the minimum cost to achieve a given set of operational goals, for a
given hydrologic regime and a given reliability level?

O

What is the maximum benefit from energy production?

O

Which shall be the impact on results of the different administrative or climatic
scenarios and any potential future modifications of the network?

S How could the system respond to special occasions such as channel
damages or an intense increase of water demand for a specific period?

2 What are the consequences of specific modifications in the hydrosystem (e.g.,
construction of new projects)

The desktop

Upon launching HYDRONOMEAS, the Main Form is displayed, which initially covers
all the area of the screen and is comprised of:

< The main menu

2 The main operations icons
2 The network design area
2 The network design tools

© 2007 NAMA Consulting Engineers & Planners SA
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Provided that no scenario has been loaded in the database, a temporary name is
given to the actual scenario which is displayed in the header of the form. The
scenario will be given the final name determined by the user when saving the
scenario in the database. Next to the scenario name, an asterisk (*) is displayed, if
changes made to the scenario have not been saved yet.

The user can design the hydrosystem model using the design tools and the
network design area that covers the greatest part of HYDRONOMEAS Main Form.
Other operations, such as performing calculations and previewing results, are made
either from the main menu or by selecting the relevant icons.

Exiting the application

You can exit the application

2 By selecting File/Exit from the options menu. This will consecutively close all
loaded scenarios.

<2 By closing the last loaded scenario.

© 2007 NAMA Consulting Engineers & Planners SA
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2.1

Managing Scenarios and Projects

Description of main concepts

This mathematical model has been designed to be deployed within the framework
of a technical project in the area of water resources management. The project may
actually exist or may be the subject of a study. Within the framework of this project, a
series of actual or hypothetical cases must be examined. We usually refer to such
cases using the term scenarios, and we identify them in current state scenarios,
failure scenarios, inflow forecast scenarios, etc.

In transposing this in the mathematical model, it is established that a scenario is
nothing more than the total of input data used by the mathematical model. Such data
are each time adjusted in order to respond to the respective state that corresponds
to the scenario.

The database is able to manage multiple projects and scenarios of different
mathematical models. A project in the database is identified by the name of the
project (that may refer to a place) and by a short description.

© 2007 NAMA Consulting Engineers & Planners SA
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Model A
' Projects
Project A Project B
'Scenarios| |
Current state Current state
Scenario A Scenario A
Scenario B
Scenario C

The access to scenarios and projects in the database is made through a dialog form.
In such form, users can preview all projects and scenarios belonging to the
mathematical model. In the top part of the form, we can see the Project drop-down
menu. Clicking the right part of this menu, all model's projects shall appear. By
selecting a model, all scenarios belonging to this project shall appear in the
Scenarios area. By selecting a scenario, a short description of the scenario shall
appear on the right part of the form (Description), if such description exists in the
database.

© 2007 NAMA Consulting Engineers & Planners SA
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Project ]'Yﬁpaucrn MpoTedouTog _vl J|ﬂi _J

Drezcription

| Project menu
BrcRn udpoyoyeion viikns 4/5/2006 5 b tJH.., |

Engktoan Biktoou B 4/5/2006 5:36:09 postgres
EngkToon GikTiou & 4,/5/2006 5:35%:55 postares

Mopoloo kaTdoToon 4/5/2006 5:35:.03 postgres \
Scenarios

\ description area

Scenarios area

Scenario Mame L{ ‘—EI—J |
ancel

2.2 Actual scenario

HYDRONOMEAS can memorize more than one scenarios designed by the user or

loaded from the database.The actual scenario is the one that the user is actually
viewing and editing on the screen.

By selecting Window from the main menu of the Main Form, the user can go back to
the list of scenarios in memory and restore the desirable scenario in its prior state.
Next to the name of the actual scenario, the symbol V is displayed.

i Hydronomeas - lNopoboa Karaoraon

File ‘iew Properties Run Results  Tools BUGEREEN Help
RECIEREE]
EnétTaan kool & =
[:E' Bxapn udpayoryeion ¥ hikne
Select
Delete

2.3 Creating a new project

A new project is stored in the database through the saving form.

1. From HYDRONOMEAS main menu, select File/Open or click on the
respective icon.

2. In the dialog box displayed, click on the New project icon.

© 2007 NAMA Consulting Engineers & Planners SA
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Save As

Project |

Dezcription

Mew Project

: ot | __J Save
cenario Mame -
Cancel

3. In the project input form displayed, the Name field shows the name of the
project.

4. In the Description area, a short description of the project may be provided.

5. Confirm the creation and saving of the new project in the database, clicking
OK. Conversely, clicking on Cancel, the dialog box closes without creating
the project.

M arne |'YEpEuu:rr1 MpooTedoudog

Dezcription

To oloTnpo eSwTepkmy ubpoywyainy Trg B[,

k. Cancel
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24

Deleting a project

A project and all scenarios belonging to this project can be deleted from the
database either from the open form or the saving form.

1. From HYDRONOMEAS main menu, select File/Open or click on the
respective icon.

2. Select a project from the Project menu.

Froject | B b el N sR =t R e ate J 1 ﬂ\ ]

Scenarios ] Cescription

Scenario Mame ] _*_J :jl

Cancel

2w

3. Click on the Delete project icon..
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Open

Project uar MNpwreioooog J ‘ﬂ‘
Scenanios ] Delete prnject| Description

X

’l

Scenario Mame | __T_J 4]
Cancel
4. In the following dialog box, confirm the deletion of the project from the
database.
Warning |z|

'E CAUTIOM! Delete the project "Ydpzuan NpmTelouaas’ with all its scenarios ¢
L]

Mo ] Cancel |

Attention: The deletion of a project from the database is irreversible. This process
also deletes all project’s scenarios and all data belonging to these scenarios.

2.5 Reading a scenario

Scenarios that are stored in the database can be imported as follows:

1. From the main menu, select File/Open or click on the Open icon.

© 2007 NAMA Consulting Engineers & Planners SA
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2.6

E Hydronomeas -

View  Properties

Database l -
: E Hydronomeas -
—1 Mew File “iew Properkies
ta
H Save L
Save As...
Close Select

2. Select a scenario from the dialog form.

Open [z
Project |new project ﬂ j ﬂ @

Scenarios l Description

16/6/2006 1:30:2 defaull
Bicfn uBpoyoaysiou T ikne 28/5/2006 3:47:1 defaull
EnékToon GikTlou & k 352006 3:46:0 defaultl
Mopodon Ko TdaToT 352006 3:45:4 defaultl
small5 cenarnio 10/5/2006 2:17:4 default]

bR ezervoir:

J Load
= Cancel

Scenario Mame |E|"In:?tl3r'| USparyoyaion Yaikne

3. Click the Load button.

Saving a scenario

By saving, all scenario data are entered in the database from where they can
subsequently be recovered.

Saving changes to scenarios

Changes made to loaded scenarios can be saved by by selecting File/Save from the
menu of the Main Form or by clicking the Save icon. If the scenario has not been
saved in the database yet, the scenario saving form is opened (see renaming a
scenario).

Renaming a scenario

In case where the scenario has not received yet its final name, i.e. it has not yet
been entered in the database, or the user chooses to save the scenario with a new

© 2007 NAMA Consulting Engineers & Planners SA
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name, the following procedure must be followed:
1. From the main menu, select File/Save as.

E Hydronomeas - 3

View  Properties

Database

j 1=
= open...

L—_I Save

Close g

2. In the saving form displayed, the Scenario Name field shows the name of the
scenario. In the Description area, a short description of the scenario can be

entered.

Save As E'
Praject |new project j j ﬂ J

Scenanos l Dezcrption
hwoR eservoirs 16/6/2006 1:30:2 default1
BdBn udpoyuryeion viikng 28/8/2006 3:47:1 default
EnékToon SikTlou & 28/5/2006 3:46:0 defaultl
Mopodon Ko TdaToTr 28/8/2006 3:45:4 defaultl
emall5 cenanio 10/5/2006 2:17:4 defaultl

ancel

. - " - Save [
cenaro MHame N0 TS ool -
__ Cancel Y

3. Complete the process, clicking the Save button.

Note:In case where no project exists in the database, a new project should first
be created by selecting the New Project icon.

I

© 2007 NAMA Consulting Engineers & Planners SA
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2.7

2.8

Creating a scenario

The user can create a new, empty scenario in the following ways:
2 By selecting File/New from the Main Form menu

] Hydronomeas - 4

SN View  Properties

Database

= Qpen,.. !

L—_I Save

Save As,.,

Close

2 By selecting the New icon from the basic operations icons of the Main Form

The desktop is automatically cleared and the new scenario is assigned a temporary
name (e.g. New Scenario 1) which is shown in the header of the main form. A final
name is assigned to the new scenario upon saving it.

Note that, together with the new scenario, all other scenarios that may have been
loaded in the database are kept in memory. Any of these scenarios can be restored
in the foreground (see Actual scenario)

Moreover, the new scenario and all changes made to it are saved in the database
only upon the relevant action by the user (see saving a scenario).

Closing a scenario

From the scenarios stored in HYDRONOMEAS memory, the user can close the
actual scenario (the one displayed on user's screen) by following one of the
procedures below:

< Clicking the X symbol on the top right corner of the main form
2 by selecting File/Exit from the options menu.

© 2007 NAMA Consulting Engineers & Planners SA
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E Hydronomeas -

Database l

j e I
=7 open...
H Save

Save As...

-

Moreover, when exiting HYDRONOMEAS by selecting File/Exit from the options
menu, all scenarios loaded in memory will close.

In case where the user attempts to close a scenario that has not been saved, the
following dialog box appears:

Confirm §|

9P ) The scenatio ‘Mew scenario 1" has been modified, Save changesy
\‘__#

From this, the user is prompted to select one of the following procedures:

The scenario is first saved and then closed. In case where it has not yet

been assigned a final name, the scenario saving dialog form is displayed.

No: The scenario closes without having been saved and all changes made
since the last saving are lost.

The procedure is canceled: The scenario is not closed and saved and the
user resumes the control of the system.

Yes:

Cancel:

© 2007 NAMA Consulting Engineers & Planners SA
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3 Development of a Hydrosystem Model

3.1 Network Design

The first step in designing a model usually is to design the network and define its
characteristics. On the left part of HYDRONOMEAS Main Form'’s desktop, you can
see the network design tools:

[
select - Select: Select a network component
X
Deklz  Delete: Delete a network component
>
Aiver  River: Insert a river segment
=
Aauedict - Aqueduct: Insert an aqueduct
P
Tubine " Turbine: Insert a turbine
¥
Furmp Pump: Insert a pump
O

Junction - Junction: Insert a junction

Reserval Reservoir: Insert a reservoir

o4
Buchol: Borehole: Insert a borehole/borehole groups
(o4
Inflow— Inflow: Insert a network inflow
£
Taigst  Target:  Insert a target

Using the above tools, clicking on the relevant button and then on the network design
area, the user can:

< insert new network components
< delete the existing components
< modify the properties of network components

© 2007 NAMA Consulting Engineers & Planners SA
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The network components are distinguished into autonomous, i.e. those which may
exist regardless of the presence of others and dependent, i.e. those that must
specifically be related to one or more components.

Autonomous components are
< the aqueduct junction
< the river junction
o the reservoir.

The dependant components, when inserted, must be connected to the network as

follows:
Dependent Connection component
component
Aqueduct junction, reservoir (upstream and downstream)
River river junction, reservoir (upstream and downstream)
Pump junction, reservoir (upstream and downstream)
Turbine junction, reservoir (upstream and downstream)
Borehole junction, reservoir
Inflow river junction, reservoir
Target junction, reservoir, aqueduct, river, turbine

3.1.1 Inserting a network component

To insert an autonomous component

1. Select the relevant button from the design tools of the Main Form and then
2. Click the component to place it on an empty place of the network design area

To insert a dependent component

1. Select the relevant button from the design tools of the Main Form and then

2. Select the connection component on the drawing. In the case of lines, in
particular (aqueducts, rivers, turbines, pumps), you must also select a second
connection component. In the case of aqueducts and rivers, if you select, in
the place of a connection component, an empty part of the network design
area, a junction is automatically created on this part, with which the
dependant component is connected.

Clicking once on one of the Aqueduct or River buttons, the button is held down

© 2007 NAMA Consulting Engineers & Planners SA
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3.1.2

3.1.3

3.1.4

permitting the user to enter multiple lines in the form of polylines. Conversely, after
entering other network components, the Select button is again activated.

Insertion of network components is initially made without having set their properties
or with some temporary values for some of them (e.g. name). The user can
subsequently insert or modify, before performing calculations, their characteristics
(see modifying the network component properties). The insertion of targets forms an
exception. After selecting with the mouse the connection component, the target data

input form is displayed.
Deleting a network component

A network component can be deleted as follows:
1. By clicking the Delete button from the network design tools.
2. By selecting the relevant component from the network design area
3. By confirming the deletion from the dialog form (Yes)

Notes:

The dialog form for confirming the component deletion is displayed only if the
relevant option is active (see Confirming a deletion).

Where other network components depend on the component to be deleted, then
the component will not be deleted and a relevant message will appear.
Exceptionally, when the recursive deletion option is active, the selected
component and all its dependant network components are simultaneously
deleted.

Modifying the network component properties

To modify the details of a network component, use the component data form, which
can be displayed on the screen in one of the following ways:

1. Double-clicking on any component from the network design area (junction,
aqueduct, borehole, etc.)

2. From the network component tables that are displayed by selecting
Properties from the menu of the Main Form and then the category of the
component

From the component data form, the user can modify the component’s characteristics
and record the changes by clicking OK at the lower part of the form. Conversely, by
clicking Cancel all changes are cancelled.

Junction

The Junction is the principal aqueduct network component, since it determines the
start and the end of an aqueduct or constitutes a connecting point of other
components of the network. In the network’s model, no distinction is made between
the different junction types, since all junctions are dealt with in the same way. Thus, a
junction in HYDRONOMEAS can, for example, actually represent:

2 a connecting point of a borehole on the network

© 2007 NAMA Consulting Engineers & Planners SA
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a bifurcation
a water treatment plant

O 00

a demand area for supply or irrigation water
< an outflow from the hydrosystem

A junction can also be created for simulation reasons, e.g. to connect two parts of
the same aqueduct which however have different characteristics.

Inserting a new junction

A junction is created as follows:
1. By clicking the Junction button from the network design tools
2. By then clicking on an empty part of the network design area.

] Hydronomeas - New scenario 1 * E|[E|[Z|

File Miew Properties Run Results Tools  Window  Help

RECIRRE L]

Ly 4

Select

X

Delete

1=

Riwer

3

Aqueduct

L= JA17

Turbine {:[3?
§a

Purnp

O

Junction

R ezeroir

5 f

Baorehale

o

[rfloe

& _ A

Target

Idle

ni 199 156
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Note: A network junction can be automatically created when inserting an aqueduct as
an upstream or downstream junction.

Modifying a junction’s data
The properties of a junction can be modified as follows:

1. On the network design form, double-click on the junction
2. On the displayed junction data form, you can modify the Name.

Mame |AigTopo

ok |

Only in the case of a final junction, the Allow downstream flow option is displayed,
with which the user can permit upon simulation the water outflow from the system
through this junction.

Junction §|

MName |Taﬁm-:’u; kappos

[w Allow downzstream Fow

Cancel

3. Click the OK button to record the changes

Notes:

The junction data form can be also displayed from the aggregate junction list
(see network component list).

The aqueduct junction is displayed on the network’s diagram as a white circle and
it has different color that the river junction (blue circle).

3.1.5 Reservoir

Inserting a new reservoir
A reservoir is created as follows:
1. By clicking the Reservoir button from the network design tools
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2. By then clicking on an empty part of the network design area.

E Hydronomeas - Hew Scenario 1 *

File Wiew Properties Run Results  Tools  ‘Window Help
RECIEEgEE ]
[ -

Select

X

Delete

1=

River

2

Aqueduct
()5 | AigTopo

Turbine ] O
L

Pump

O

Junction

R ezerair

d

Borehole

d

[rfloe

& w

Target

Idle n73Y 156

3. The reservoir's symbol is displayed on the design area with a temporary
name

Modifying a reservoir’s data

A reservoir’s properties can be modified from the reservoir data form displayed by
double-clicking on the reservoir’s icon in the network design form.

The reservoir data form is comprised of the following sheets
< The main data sheet
2 The level — volume — area curves sheet
2 The leakage data sheet
2 The management rules data sheet
S The time series sheet

Basic data
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Reservoir

b ain lL-"»-"-S-Eurve] Leakage | Management | Time series

M ame |ECIHVD€ Cachment area [km2] |352

Spil node  |Mone |

Spill level [m) (505

Storage capacity[hm3]
Initial lewel (] | 480

| ritial walume [hm3]

Intake level [m) |498.5

Dead volume [bm3)

Cancel

From the main sheet, the following reservoir data can be modified
1. The Name.
2. The catchment area of the reservoir in km? (Catchment area).

3. The river node where the reservoir's spill goes (Spill node). The node is
selected from the drop-down menu that includes all the river nodes. In case
where spills escape from the system and therefore they are not taken into
account downstream in the model, then select None in the menu.

4. The Spill level in m that corresponds to the reservoir's Storage capacity.

5. The Initial level in m that corresponds to the reservoir’s Initial volume at the
beginning of the simulation.

6. The Intake level in m that corresponds to the reservoir's Dead volume.

Note:To display the reservoir’s capacity, initial volume and dead volume values, you
must previously set the level-volume curve.

In case where the reservoir is the final junction of the system, i.e. there is no
aqueduct or river downstream of the reservoir, then on the right top part of the sheet
the Allow downstream flow option is displayed, with which the user can permit
upon simulation the runoff of excess water from the system through the reservoir
(regardless or any spills).
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Cachment area [km2] 352

vl [w Allow downztream flow
Spill level [m] [505

Level-volume-area curves

X

Reservoir

Main  L-5-Curve l Leakage] Management] Timne series]

JI ’H Level-Yolume-Curve

T T o R g :"‘E ]

500 4
430 1727 0,37 490

450 15,621 1,043 4501
520 198243 4477 E 470
= 450 |

~ 450 |

440

4304

4204

410

20 40 B0 80 100 120 140 160 180 200
L4-Curve  L-5-Curve Intake level [m]|458.5 Spill lervel [m] {505

Cancel |

From the level-volume-area data sheet, the user can set the characteristic points of
the curve. The left part of the sheet shows the point table, and the right part shows
the graph of the level-volume-area curve. To enter data:

1. Click on the new record icon or double-click on the last (empty) line of the
table.

2. In the point data form, enter the values of Level in m, Volume in hm® and
Surface in km?.
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L-V-5 data entry @

Level [m] 430
Wolume [hm3] 1,727

Surface [kmz] 037

Ok, | Cancel |

3. Confirm the record by clicking OK.
You can delete a curve’s point as follows:
1. Select the relevant line from the table.
2. Then click the delete selected record icon.
You can modify the values of the table as follows:
1. Double-click on the line to be modified.
2. Make the desirable charges in the point data form that appears.
3. Confirm the changes by clicking OK.

Notes:

o Before performing the simulation, you need to determine at least three curve
points for each reservoir.

o Intermediate values are estimated upon simulation by a logarithmic
interpolation.

The curve’s data are displayed in the table always classified as to the level. By
clicking the L-V-Curve button, the level-volume graph appears and by clicking the L-
S-Curve button, the level-surface graph appears. The intake and spill levels, in
addition to their respective fields on the main sheet of the form, can also be set from
the Intake level and Spill level fields, at the lower right part of the level-volume-area
data sheet.

Leakages

Reservoir leakages are set using parameters from the form’s leakage parameter
sheet. The equation for calculating the underground runouts is:
A=axc+pBx2+yx+e+¢

Where A are the leakages in hm3, x the reservoir’s level in m, a, B, y and € the
equation’s coefficients and § a random error condition that is considered to follow a
normal distribution, zero mean value and standard deviation o (in hm3). The user
can set separate values for each month of the year, for all the equation’s parameters
and for the standard deviation.
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Reservoir EJ

b air ] L4-5-Curve Leakage l Management] Time series]

A = H“rj + ﬂxz + ?I + 'Ej tée f;"lu_-::tl:?gll_zvel jiaﬁduﬁm .Elr:rz:ai:;ir;tzndard deviation o
kdanth Coefficient o Coefficient B |Eu:ueffiu:ient W IEDefficient i Std. dew. o
1 1] 0023343 -3.97 n
2 n n 0023343 -3.97 n
3 n 1] 0023343 -3.97 n
4 n 1] 0023343 -3.97 n
4] 1] 1] 0023343 -3.97 n
B n n 0023343 -3.97 n
7 n 1] 0034234 732 n
a 1] n 0034234 732 n
3 1] 1] 0034234 .32 1]

10 n 1] 0034234 -F32 n

11 n 1] 0034234 732 n

12 n 1] 0034234 732 n
4 | Caticel

Operation rule

In the 4t sheet of the reservoir data sheet, HYDRONOMEAS provides to the user the
possibility to control the reservoir's operation through a simple and effective
parametric rule. The rules can be seasonally modified (see options form), and the

sheet has one of the following forms, depending on this option:
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Reservoir

b air ]L-\-"-S-Euwe Leakage Management | Time zenes

Simulation MNa Seazan

Parametric rule
Only B Coefficientz are uzed

“Wet season param. & |0 B |05

Fate:
The parametric rule can be by-pazsed by defining
a mawimur and a minimun walume target

] | Cancel

Form of operation rules sheet without seasonal differentiation

Reservoir

b air ]L-\-"-S-Euwe Leakage Management | Time zenes

Simulation Wiet and Dy Season

Parametric rule
Only B Coefficientz are uzed

Wet season param. & |E| B ||l5
Dy geazon param. & |E| B ||l3
Fate:

The parametric rule can be by-pazsed by defining
a mawimur and a minimun walume target

] | Cancel

Form of operation rules sheet with seasonal differentiation

The Parametric rule area includes four fields where the user enters the parameters
a and B for the wet season (Wet season param.) and the dry season (Dry season
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param.). In the latter case, the fields are displayed only if seasonal modification has
been selected. Moreover, in case where parameter a is deactivated, the parameter’s
respective fields have grey background.

If the Target volume rule has been selected, the Target volume wet season and
Target volume dry season are active, if seasonal differentiation is selected. The
values entered are expressed in cubic meters (hm3).

More information on this issue: Reservoir Operating Rules and Nalbantis and
Koutsoyiannis, 1997.

Time series

Reservoir @

b air ] L-\-"-S-Eurve] Leakage] Management Time series l

j I e | |'_33§ Edit | ,ﬂ. Delete | [=F Open | | Import | ﬂ Export |

| Code | M ame | Start date | End date | Hydr.zcenarioz |
Fiunoff [rm] 167 14172005 1412/2014 1
Rainfall [rm] 168 14172005 1412/2014 1

Evaparation [mm] [ 169 _ 14142005 141242014

Cancel

On the last sheet of the form, the user is prompted to set three time series for each
reservoir:

1. time series of runoff in the reservoir.
2. time series of rainfall on reservoir’s surface.
3. time series of evaporation.

All values are shown in mm and for each time series set, the following information is
provided:

1. time series Code.
time series Name.
time series Start date.
time series End date.

o bk~ Wb

number of hydrological scenarios contained in the time series.
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For the management of time series data, the following actions are available through
the relevant buttons of the time series sheet:

2 Create a new time series (New...). From the form displayed, it is possible to
create a new time series with multiple modules (see Editing Time Series Data
).

o Edit a times series (Edit...). From the form displayed, it is possible to edit a
time series (see Editing Time Series Data).

o Delete a time series (Delete).

2 Open from the database (Open...). A relevant form is displayed through
which, the user can search and select a time series from the database (see
Importing time series from the database).

< Import from file (Import...). A dialog form appears for selecting and importing
a time series file.

S Export in file (Export...). A dialog form appears for exporting a time series in a
file.

Notes:
2 Saving a time series in the database is made when saving the entire scenario.

2 In case where no reservoir time series has been set, the user is prompted for
this before performing the simulation, which however shall be ordinarily
performed, without considering the relevant input or output of the reservoir.

< More information: Hydrological Scenarios and Time Series

3.1.6 Aqueduct

The term aqueduct refers to a structure of finite capacity that connects two junctions
of the hydrosystem. An aqueduct can represent a single conduit or a system of
conduits in line, for example:

< pipelines
< channels
< tunnels
o siphons

Inserting a new aqueduct

An aqueduct as a dependant component of a network is defined by the network’s
upstream and downstream components, which can include the following:

< Junction
< River node
< Reservoir
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An aqueduct is created as follows:
1. Click the Aqueduct button from the network design tools

2. Then consecutively click on two of the above components on the network’s
design area. If you select, in the place of a connection component, an empty
part of the network design area, a junction is automatically created on this
part, with which the aqueduct is connected.

3. If you continue to click on the network design area, additional conduits are
consecutively created in the form of polylines.

] Hydronomeas - Hew Scenario 1 * E|E|FZ|

File Miew Properties Run Results Tools  Window  Help

RG]

[ ~

Select

X

Delete

1=

River

e}
Aqueduct

=

Turbine

L
Purnp

O

Junction

Eurpog
AloTopo

R ezerair

5 g

B orehole

g

[rflo

X347 155

Modifying an aqueduct’s data

Insertion of an aqueduct is initially made without having set its properties or with
some temporary values for some of them (e.g. name). The properties can be
modified by double-clicking on the aqueduct in the network design area.
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3.1.6.1

Aqueduct E|

[ ET l
M ame |ﬂ.icrm|.u:u-l'-.-13|:m:rrr'1q
pstream node | Inlet lewel [m] 1595
Downztream node | Cutlet level [m) IT
[ Wariable autlet lewvel
Discharge capacity Leakage coefficient

[ Constant DC |'IE= mads [ Canstant LC IW
Reduction coefficient ||:|

Canicel |

The aqueduct data form lists the following properties:

The Name of the aqueduct.

The Upstream node and Downstream node that define the aqueduct. These
fields appear inactive.

The Inlet and Outlet levels of the aqueduct in m.

The Variable outlet level, which applies only in case where the downstream
node is a reservoir, where it is true if the outlet level of the conduit is the same
with the level of such reservoir.

The leakage coefficient area.

The discharge capacity area.

Discharge capacity of aqueduct

An aqueduct, regardless of its type (gravity, with pump, with turbine) has a maximum
limit of water discharge, i.e. a discharge capacity. The discharge capacity can:

=
=

=
=

remain constant.

vary in conjunction with the head, i.e. the difference of the level of water
upstream and downstream the aqueduct.

vary in conjunction with time.

vary in conjunction with head and time.

Constant discharge capacity

The constant discharge capacity is set in the network component’s data sheet
(aqueduct, pump, turbine) having selected the Constant DC option from one and
single record in the discharge capacity field. The value is shown in m3/s, remains
constant throughout the simulation and is not influenced from any variations of the

head.

© 2007 NAMA Consulting Engineers & Planners SA



Development of a Hydrosystem Model 33

Dizcharge capacity

[v Constant DC |B mate
Reduction coefficient |E|

Ok

i

Variable discharge capacity in conjunction with head

In case of closed aqueducts, the discharge capacity can vary in conjunction with the
head, which depends on the current level of reservoirs upstream and downstream

the aqueduct (only if Variable outlet level option is true). Variable discharge
capacity in conjunction with head is set as follows:

1. Disable the Constant DC option from the main sheet of the form.
2. Select the Discharge capacity sheet.

Aqueduct §|

Mairn  Dizcharge capacity l
|l
Head [m] Dizcharge [m3/2]
E
=0
[ i}
T
Initial .
Dizcharge capacity Ii )
reduction coefficient 0 Lischarge [m3is]
k. | Cancel

3. Click on the new record icon or double-click on the last (empty) line of the
table.

4. Enter the Head field in o€ m and Discharge field in m3/s.
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Discharge data entry

Date
f+ |nitial curve

" Other date [ o ]

Head [m] 10
Dizcharge [m3/s] |4

ak | Canizel |

5. Confirm the values by clicking OK.

6. Repeat the last steps until the head-discharge capacity curve is configured.
The table lists the records classified as to the head. The right part of the
sheet shows the curve’s graph. .

Aqueduct §|

Main  Dizcharge capacity l

lm 04
2 25 |
Head [m] Digcharge [m3/5]
E 20
10.00 3,00 = 15
20,00 11,00 i
30.00 12,00 10
5 n
[ nitial R B ma
. . E ¥ &8 9 10 11 12
Dizcharge capacity )
reduction coefficient 0 Dizcharge [m3/z]

Canicel

Note: You cannot record two different discharge capacity values for the same head.

To delete a record:
1. select the line in the discharge capacity table.
2. click the Delete icon.

Variable discharge capacity in conjunction with time

The aqueduct discharge capacity does not need to remain constant throughout the
simulation. HYDRONOMEAS offers to the user the possibility to change the value of
discharge capacity in order to respond to planned changes (e.g. temporary shutdown
for network maintenance reasons, increase of discharge capacity due to
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development works).

Variable discharge capacity in conjunction with time is set as follows:
1. Disable the Constant DC option from the main sheet of the form.
2. Select the Discharge capacity sheet.

Aqueduct E|
Main  Dizcharge capacity l
|| 1
Head [m] Digcharge [m3/5]
E
=0
L]
T
Dizcharge capacity )
reduction coefficient  |° Discharge [m3/z]
k. | Cancel

3. Click on the new record icon or double-click on the last (empty) line of the
table.

4. Select input of data that will apply from the beginning of the simulation (Initial
curve) or another date by selecting other date.

Discharge data entry

Date
" Initial curve

{» Other date |1/6/2009  [dd/mm /]

Head [m] 1]
Discharge [m3/s] |14
] 4 | Cancel |

5. Enter the Head field in m and Discharge field in m3/s. In case discharge
capacity varies only in terms of time and not in terms of head, then only one
value is provided for each date and the value in the Head field is not taken
into consideration.

6. Confirm the values by clicking OK. If data input concerns the beginning of the
simulation, then values are entered in the Initial sheet. If the values concern
a new date, then a sheet for this particular date is created where the values
shall be listed. If a sheet exists for this date, then the data shall be listed in
this sheet.
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Aqueduct E|

Main  Dizcharge capacity l
Digcharge [m3/5]
12 —_
E
= ] +
L]
T
Initial | 1412007 1,6/2009 .
i : 12
Dizcharge capacity )
reduction coefficient  |° Discharge [m3/z]
k. | Cancel |

7. Repeat the last steps until completing the entry of all discharge capacity data.

To delete a record:
< select the line in the discharge capacity table.

< click the Delete icon.

Variable discharge capacity in conjunction with time and head

It is also possible to combine the options of calculating the discharge capacity
variable, when the aqueduct discharge capacity is a function of time and head.

Discharge capacity reduction coefficient

The discharge capacity Reduction coefficient takes into account time restrictions in
the use of the aqueduct and can have values from 0 to 1. The reduction coefficient is
defined as follows:

2 In the main sheet of the aqueduct data form or

< In the variable discharge capacity sheet in the field.

Such coefficient expresses either actual restrictions as to the use of the aqueduct (e.
g. a pump operating during specific hours in a day) or virtual restrictions which are
imposed to assure a more realistic representation of the hydrosystem’s operation, at
low time scales. For example, since the model operates on a monthly basis, it cannot
take into account the variation of the daily consumption. For this reason, the nominal
discharge capacity of aqueducts is reduced by a y coefficient that expresses time
restrictions as to the use of the aqueduct and the impact of discharge time variation
within the time step, in case where it is not possible to make a material resetting
before the consumption junctions. In this case, the values that the coefficient usually
takes is the maximum observed deviation between the mean monthly Qavg value
and the maximum daily demand Qmax value:
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y = (Qmax- Qavg)/ Qavg

The hydraulic discharge capacity of the aqueduct corresponds to the maximum value

and the discharge capacity reduced by the y coefficient corresponds to the mean
value.

It is noted that the variation of consumption observed within a 24-hour period is
considered to be covered by possibilities of resetting the network’s facilities, such as
the capacity of aqueducts and the tanks of water treatment units. Otherwise, the y
coefficient would have to be incremented in order also to include the variation of
consumption observed within a 24-hour period.

The following example provides the water refining readings of Galatsi WTP for
December 2000.

Hpeprioa divAion vepol otn MEN FaAaroiou (Agk. 2000) MéyioTn Ty

370000

350000 4 Fa

330000 44

Oykog vepol [m3/d]

T i F PP PSP PSSP PSPPSR PP PE
ARSI IS S S S

Bidirectional flow aqueduct

When there is the possibility of bidirectional operation in a branch of the network
(usually with gravity towards one direction and with pumping towards the reverse
one), then this is represented using two parallel counter-flow aqueducts. If y, is the
discharge capacity reduction coefficient of an aqueduct and y, of its reverse one,
then the following restriction must apply between the two coefficients:

Vit Yy, <=1

The above restriction ensures that it will not be possible to use both routes at the
same time during the time step. Therefore, the total use percentage of the two
reverse routes shall not exceed 100% of the available time.

3.1.6.2 Aqueduct leak coefficient

An aqueduct's leak is calculated using a leak coefficient on the aqueduct's discharge.
HYDRONOMEAS uses a simplified linear relation between aqueduct discharge and
leaks at the simulation time step, which is easier to be estimated following systematic
measurements upstream and downstream the aqueduct.
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Constant leak coefficient

A constant leak coefficient which shall apply throughout the term of the simulation is
defined as follows:

1. In the main sheet of the aqueduct data form, select the Constant LC option.
2. The constant leak coefficient field displays a value starting from 0 to 1. If the
field remains empty, the coefficient is deemed null..

Leakage coefficient

v Constant LC |0,0

Cancel

Change of leak coefficient in conjunction with time

HYDRONOMEAS provides the possibility to differentiate the leak coefficient in
conjunction with time, in order for the simulation to correspond to different situations,
i.e. scheduled aqueduct maintenance works.

Temporally variable leak coefficients are defined as follows:

1. In the main sheet of the aqueduct data form, deactivate the Constant LC
option.

2. Select the Leakage sheet.

In the Initial value line of the Leakage coefficient column, enter the
coefficient value (0..1) that will apply at the beginning of the simulation.

4. Clicking the New record icon, enter an additional line in the table.

5. In the first column of the new line, enter the date of change of the coefficient
value and in the second line, enter the new value if the coefficient that will
apply as from this point of time.

6. By repeating steps 4 and 5, enter the new coefficient values in the table
fields.
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Aqueduct
kd ain ] Discharge capacity  Leakage l

|

D ate [ddrmrm Ay |Leakage coefficient

Initial walue 0.1
1422007 0,05
1/68/2008 0,03

3

Ok

Canicel

To delete a record:

1. select the line in the coefficient table.

2. click the Delete icon.

The first line cannot be deleted; you can only modify the coefficient value.

Null leak

Null leak is considered to exist in all Pump aqueducts or Turbine aqueducts and
when the value field of the leak coefficient in the aqueduct’s data form is empty or

null, with the constant leak coefficient label selected.

3.1.7 Pump

A pump carries water from one point of the network to another, thus consuming
energy. In HYDRONOMEAS, the pump is represented in the model as an aqueduct

with additional characteristics used to calculate power consumption.

Inserting a new pump

Similarly to an aqueduct, the pump as a dependant component of a network is
defined by the network’s upstream and downstream components, which can include

the following:
< Junction
2 River node
< Reservoir
A pump is created as follows:

1. Click the Pump button from the network design tools

2. Then consecutively click on two of the above components on the network’s

39
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design area.
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Modifying a pump’s data

Insertion of a pump is initially made without having set its properties or with some
temporary values for some of them (e.g. name). The properties can be modified by
double-clicking on the pump in the network design area.

The pump data form is similar to the aqueduct data form, with only difference that:

< pumps do not have leaks in the model and thus there is no provision in the
form for entering a leak coefficient value and

o energy consumption is defined based on a specific energy coefficient (y
coefficient) from the Energy sheet.

The energy consumption for the operation of the pump varies in conjunction with the
head, i.e. the difference of height between the upstream and downstream junction or
reservoir. In this case, the energy consumption is given by the following formula:

E=yVDh
where V is the volume of water passing through the pump and Dh is the head. The

energy consumption is expressed in GWh, and the value of y coefficient in GWh/hm#,
and it is by default higher than the theoretical quantity of 0.2725 (this value
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corresponds to zero energy losses and to unit pump performance coefficient).
The y coefficient in conjunction with head is set as follows:
1. In the pump form, select the Energy sheet.

M ain EﬂEfEL'r'l
|

Head [m] Fzi

k. | Cancel

2. Click on the new record icon or double-click on the last (empty) line of the
table.

3. In the energy data input form, enter the Head field in m and the specific
energy (Psi) coefficient in kWh/m3/m.

Energy data entry r‘s_<|

Date
i |nitial curve

(" Other date [Adrrarr ]

Head [m] 1
Psi [kwh/m3/m] 057

] | Cancel |

4. Confirm the values by clicking OK.

5. Repeat the last steps until the head-y coefficient curve is configured. The
table lists the records classified as to the head.
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Main  Eneray |
|
Head [m] Pzi
10,00 1,5500
20,00 1,6200
50,00 1.8320
Imitial | 1462007
.......... Ok ; Cancel
Notes:
< If the difference of height upstream and downstream the pump is constant
(this applies in case where the pump is not connected with a reservoir), then
the head will be constant, and the user sets a single value for the y coefficient.
< |If, from the energy data input form, another date is entered, by selecting other
date, then the values of the y coefficient shall apply as from this date on. Data
are entered in a new sheet that lists the start date.
2 You cannot record two different y coefficient values for the same head and the
same start date.
To delete a record:
1. select the line in the y values table.
2. click the Delete icon.
3.1.8 Turbine

In HYDRONOMEAS model, turbine means a hydroelectric power production unit
that carries water from one point of the network to another. A turbine is represented
in the model as an aqueduct with additional characteristics used to calculate power
production.

Inserting a new turbine

Similarly to an aqueduct, the turbine as a dependant component of a network is
defined by the network’s upstream and downstream components, which can include
the following:

< Junction
< River node
< Reservoir
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A turbine is created as follows:
1. Click the Turbine button from the network design tools

2. Then consecutively click on two of the above components on the network’s
design area.
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Modifying a turbine’s data

Insertion of a turbine is initially made without having set its properties or with some
temporary values for some of them (e.g. name). The properties can be modified by
double-clicking on the turbine in the network design area.

The turbine data form is similar to the aqueduct data form, with only difference that:

< turbines do not have leaks in the model and thus there is no provision in the
form for entering a leak coefficient value and

2 energy production is defined based on a specific energy coefficient (y
coefficient) from the Energy sheet.

The energy production when water passes through the turbines varies in conjunction
with the head, i.e. the difference of height between the upstream and downstream
junction or reservoir. In this case, the energy production is given by the following
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formula:

E=yVDh
where V is the volume of water passing through the turbine and Dh is the head. The
hydroelectric energy production is expressed in GWh, and the value of y coefficient

in GWh/hm#4, and it is by default lower than the theoretical quantity of 0.2725 (this
value corresponds to zero energy losses and to unit turbine performance coefficient).

The y coefficient in conjunction with head is set as follows:
1. In the turbine form, select the Energy sheet.

x]

Turbine

Main  Energy l

Ll

Head [m] Fzi

k. | Cancel

2. Click on the new record icon or double-click on the last (empty) line of the
table.

3. In the energy data input form, enter the Head field in m and the specific
energy (Psi) coefficient in kWh/m3/m.

Energy data entry P§|

Date
i |nitial curve

(" Other date [Adrrarr ]

Head [m] 20
Pzi [kwh/m3/m] |00

] | Cancel |

4. Confirm the values by clicking OK.

5. Repeat the last steps until the head-y coefficient curve is configured. The
table lists the records classified as to the head.
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Turhine E|

Main  Eneray |
|1

Head [m] Pzi
20,00 01000
50,00 01500
100.00 01850

Ikitial | 1412008

oK i Cancel

Notes:

< If the difference of height upstream and downstream the turbine is constant
(this applies in case where the turbine is not connected with a reservoir), then
the head will be constant, and the user sets a single value for the y coefficient.

< |If, from the energy data input form, another date is entered, by selecting other
date, then the values of the y coefficient shall apply as from this date on. Data
are entered in a new sheet that lists the start date.

2 You cannot record two different y coefficient values for the same head and the
same start date.

To delete a record:
1. select the line in the y values table.
2. click the Delete icon.

3.1.9 River

A river segment object is a conduit with natural flow, e.g. a part of a river.

Inserting a river

A river as a dependant component of a network is defined by the network’s upstream
and downstream components, which can include the following:

S River node
S Reservoir
Ariver is created as follows:
1. Click the River button from the network design tools
2. Then consecutively click on two of the above components on the network’s
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design area. If you select, in the place of a connection component, an empty

part of the network design area, a junction is automatically created on this
part, with which the river is connected.

3. If you continue to click on the network design area, additional conduits are
consecutively created in the form of polylines.
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Modifying a river’s data

Insertion of a river is initially made without having set its properties or with some

temporary values for some of them (e.g. name). The properties can be modified by
double-clicking on the river in the network design area.
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3.1.10

River segment X

M ame

pstream node |

Dawnztream node |

Irfiltration coefficient |0

ok | Cancel

The river data form lists the following information:
< The Name of the river.

S The Upstream node and Downstream node throught which the river is
connected to the network. The user cannot modify the connection components
and therefore these fields are displayed inactive.

< The Infiltration coefficient that takes actual values from 0..1.
Note: The discharge capacity of rivers is considered to be unlimited.

Borehole

Borehole

Boreholes connect an aquifer with the surface network of the hydrosystem. In the
model, a borehole is an entity that can actually be composed of a set of boreholes
and thus the borehole in the model receives their aggregate characteristics.

Inserting a new borehole

A borehole as a dependant component of the network can be connected to it only
through one of the following components:

< Junction
<2 River node
< Reservoir
A borehole is created as follows:
1. First click the Borehole button from the network design tools
2. Then click on one of the above components on the network’s design area.

© 2007 NAMA Consulting Engineers & Planners SA



HYDRONOMEAS - Model for Simulation and Optimisation of Hydrosystems Management

& Hydronomeas - New Scenario 1 *

File “iew Properties Fun  Resulks Tools  Window  Help
Le|e|s =

[ FN4183
Select

X

Delete

|
|
1= | R4190
Riwer
i |
Aqueduct [

|

L]

Turhine Edrvoc

L
Purmp

|

O FRa132
Junction |
&

24173 24175 MepuoTis

AlgTopo

Rezerair

&

Borehaole

o4

il

&

Target

RN41T1 T

[
|

Idle Ec

Modifying a borehole’s data

Insertion of a borehole is initially made without having set its properties or with some

temporary values for some of them (e.g. name). The properties can be modified by
double-clicking on the borehole in the network design area.
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The borehole data form lists the following information:
< The Name of the borehole.

o The component with which the borehole is connected to the network (Node).
The user cannot modify the connection component and therefore this field is
displayed inactive.

o The Maximum discharge in m%s. In case of a set of boreholes, the field
displays the aggregate discharge capacity.

S The Upper threshold and Lower threshold coefficient fields take values
from 0 to 1 and concern the borehole’s operating mode during simulation (see
borehole operating rules).

2 The Specific energy in kWh/m? that represents the energy consumption
required for pumping one cubic meter of water from the aquifer.

3.1.11 Inflow

Inflow corresponds to a water discharge time series in the hydrosystem. The inflow
can actually represent:

< a spring with known monthly discharge.

< a known runoff from the upstream part of the hydrosystem that needs not to
be modeled.

Inserting a new inflow

An inflow as a dependant component of the network can be connected to it only
through one of the following components:

< River node
< Reservoir
An inflow is created as follows:
1. First click the Inflow button from the network design tools
2. Then click on one of the above components on the network’s design area.
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Modifying inflow data

Insertion of an inflow is initially made without having set its properties or with some
temporary values for some of them (e.g. name). The properties can be modified by
double-clicking on the inflow in the network design area..

File
BIETE NSRS
M ame |I'Ir'|\,-'é-; Eurfpou
MHaode |
Time zenies [madz]
Code | M arme | Start date
173 1/41/2005

Cancel |

The inflow data form lists the following information:
S The Name of the inflow.
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S The component with which the inflow is connected to the network (Node). The
user cannot modify the connection component and therefore this field is
displayed inactive.

2 The details of time series that the inflow represents:
1. time series Code.
2. time series Name.

3. time series Start date.

Managing an inflow time series

For the management of time series data, the following actions are available either by
selecting file/... from the menu or through the relevant icons of the form:

2 Create a new time series (New...). From the form displayed, it is possible to
create a new time series with multiple modules (see Editing Time Series Data

).

<> Edit a times series (Edit...). From the form displayed, it is possible to edit a
time series (see Editing Time Series Data).

O

Delete a time series (Delete).

2 Open from the database (Open...). A relevant form is displayed through
which, the user can search and select a time series from the database (see
Importing Time Series from the database).

2 Import from file (Import...). A dialog form appears for selecting and importing
a time series file.

2 Exportin file (Export...). A dialog form appears for exporting a time series in a
file.

Note: Saving a time series in the database is made when saving the entire scenario.
3.1.12 Target

HYDRONOMEAS is able to take multiple targets and functional restrictions into
account at the same time, which may be competitive against each other. For
achieving the targets and restrictions, the computer system does not require the user
to predetermine the water transport way or the allocation of water resources in the
network. Conversely, the water transport algorithm of the computer system allocates
into every simulation time step the required volume, by reassessing the quantity
abstracted from each water resource and its way of transport to the water use points
in the best possible way. The algorithm autonomously identifies the water discharges
based on the network’s state, the operating rules and the targets set by the user. For
this reason, all targets are included in a system of priorities that is set by the user.
During the simulation, HYDRONOMEAS serves (if possible) the targets in order of
priority. In case where it is not possible to fully serve a specific target in a time step
(month), then failure to serve this target for the time step is established.

The categories of targets that can be set and the network components to which they
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are connected are listed in the following table.

Target category Network component
Water demand for consumption (water supply, Junction/Reservoir
irrigation, etc.)

Maximum, minimum or constant aqueduct flow Aqueduct

Maximum or minimum reservoir storage Reservoir

Avoidance of reservoir spill Reservoir
Hydroelectric power generation Turbine

A network’s component can be connected to more than one water consumption
targets, while in the remaining categories, connection of only one target by category
is permitted. Obviously, the design of a network model must precede the setting of
targets.

Inserting a target
A target is created as follows:
1. First click the Target button from the network design tools of the main form.

2. Then click on a component of the network design area to which the target will
be connected.

3. The configured target data form is forthwith displayed as follows:

Target gl
General l
Narme IMEN Mevisi W Lonstant target value |10 hm3/Month
Categom |Water supply ﬂ Target priority 5 v]
Mode | =il _J
Return node |N-:-ne LJ Return ratia ]
Dezcription
" HipeuTn napaxs MEN Mawiioo
QK. | Cancel

The form includes the following information:
2 The name of the target (Name).

o The target category (Category) selected from the drop-down menu.
Depending on the selection of network component to which the target will be
connected, the menu includes part of the following target categories:

o0 Water consumption for irrigation (Irrigation).
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Water consumption for water supply (Water supply).
Minimum flow of aqueduct (Min. flow).

Maximum flow of aqueduct (Max. flow).

Constant flow of aqueduct (Const. flow).

Minimum volume of reservoir (Min. volume).
Maximum volume of reservoir (Max. volume).

Avoidance of reservoir spill (No spill).

O 0O 0O O 0o o o o

Hydroelectric power generation (Power generation).

S Network component to which the target (Node, Conduit, Turbine) is
connected, depending on the category of target. This field appears inactive.

< Water consumption targets can be assigned a node to which part of the water
returns after having been used (Return node). The water Return ratio takes
values from 0..1. All possible network component options are listed in the
drop-down menu that includes all the network’s nodes (aqueduct junctions,
river nodes and reservoirs). In case where water is totally consumed and does
not return to the system, then select None from the menu.

O

The target priority (Target priority) set.

O

The Constant target value. For selecting the constant target value, you must
activate the relevant label and enter the target value in the field.

The measuring units are:
for water consumption targets: hm?
for reservoir storage management targets: hm3

for targets of managing water discharge in aqueduct or river: m3/s.

O O O O

for targets of generating hydroelectrical power in turbines: GWh
The spill avoidance target is undissociated

When the option is inactive, the target value is considered as variable in time and its
values are set in the variable target value sheet.

Variable target value

HYDRONOMEAS provides the possibility to temporally differentiate a target, in order
for the simulation to correspond to different situations, such as increase of water
demand, seasonal differentiation of the desirable reservoir level fluctuation range,
etc.

Temporally variable target values are defined as follows:

1. In the main sheet of the target data form, deactivate the Constant target
value option.

2. Select the target data sheet (data).
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Target @

General Data ]

Initial values

Tnit  |January | February |Marc:h |April |May |.June |Ju|y |August |September|[lctober |November|December
hm3

Specific values

)| 1|

Year January IFebruar_l,J JMarch April G June July ].-’-‘«ugust September| October  [Maovember | December

i) | Cancel I

3. In the fields of the Initial values table, enter the initial monthly values of the
target. These values shall apply from the beginning to the end of the
simulation or until replaced by those of the specific values table.

4. In the Specific values table enter the monthly values that will apply for
specific number of years (Year field) and thereafter. Every new record in the
specific values table replaces the old target values. Using the New line icon,
enter new lines, and using the Delete line icon, delete lines from the specific
values table.

The measuring units are listed as reminder in the Unit area.

Note: The records in tables must always cover one calendar year, otherwise
the values for the specific incomplete year shall not be considered.

Modifying target data

A target’s properties can be modified from the target data form which appears by
double-clicking on the target’s icon in the network design form.
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The user can also view the target data form and modify the details or delete a target
from the targets list form (see network component tables).

3.1.13 Network design support operations

3.1.13.1 Move and align

Moving a single network component

The symbol of a point network component (node, reservoir, borehole, inflow) can be
moved on the network design area as follows:

1. Select the component by clicking on the symbol

2. By holding down the left button of the mouse, you can drag the component to
the new position.
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The non-point network components (aqueducts, pumps, turbines, rivers) depend on
the upstream and downstream junctions and therefore can only be moved through

them.

All network’s dependent components (e.g. borehole, inflow) are moved together with

the component to which they are connected. Moreover, all the names are moved

together with the respective network components.

Moving the network

All network components can be moved as follows:

1. Select View/Layout... from the Main Form menu.

i Hydronomeas - New Scena

File BUESN Properkies Fun Resu

i

[

Show names »
Se

L
3 Background color, ., -

my

2. From the form displayed, select the Move sheet.

Layout network

<

dowin
Step

left J ﬂ right

I —

x]

Exit

3. Set the desirable Step.

4. Click the button to the displacement direction: up, down, left, right.
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Alignment

All network components can be aligned as to an ideal grid as follows:
1. Select View/Layout... from the Main Form menu.
2. From the form displayed, select the Align data sheet.

[nid size: |_
- s
Harizontal: IEE‘ :‘_'--:
i —
Wertical: lﬁ i‘ l
[ Same scale L
I._J, Apply

Exit

3. Select a common or different grid interval on the horizontal and vertical axis
(Same scale).

Set the desirable grid interval on the Horizontal and Vertical axis.
Click the Apply button for the alignment.

3.1.13.2 Show names
In the network design area, the user can show or hide from the screen the names of
network components as follows:
1. Select View/Show names from HYDRONOMEAS Main Form menu.
2. From the sub-menu displayed, select one of the following:
2 All: Show/hide the names of all network components.
Junctions: Show/hide the names of all network junctions.
Reservoirs: Show/hide the names of all network reservoirs.

O O 0

Aqueducts: Show/hide the names of all network aqueducts (including
pumps and turbines).

Boreholes: Show/hide the names of all network boreholes.

Inflows: Show/hide the names of all network inflows.

River segments: Show/hide the names of all network river segments.
River nodes: Show/hide the names of all network river nodes.

O 0000

Targets: Show/hide the names of all network targets.
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3.1.13.3 Confirming a deletion

Before deleting a network component, the user is prompted to confirm its deletion
through the following dialog form:

Confirm §|

9P Delete the nebwork component 'Kaabi'?
\_\_\__‘

This procedure can be simplified, if the user disables the “Confirm delete” option from
the Main Form menu, by selecting View/Confirm delete.

3.1.13.4 Recursive delete

Autonomous network components (junctions, reservoir, etc.) may be connected to
certain dependent network components (aqueduct, borehole, etc.). For security
reasons, HYDRONOMEAS typically prohibits the deletion of autonomous network
components if all their dependent components have not previously been deleted.

Exceptionally, it is possible to delete with a network component all its dependent
components during the same process, if the user has previously activated the
Recursive delete option, by selecting View/Recursive delete from the Main Form
menu.

Example of recursive delete
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3.1.14 Importing and exporting table data

Sometimes it is necessary to import data from other applications (e.g. Microsoft
Excel) or to use data from this application to others. To import and export data to
tables, the user can use the copy/paste option or save the data in a CSV file. To
perform these actions, select them from the menu displayed by right-clicking on any
table.
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3.1.14.1 Importing data
In selected tables, you can import data from a table of another application (e.g.
Microsoft Excel). Import can be made as with the copy & paste option, as described
below:
1. Select the cells to be copied from the first application’s table.
2. Select the table cell from where paste shall begin.
3. Right-click on a cell to select Paste.
Notes:
Copying of data is limited only to the writable cells of the table.
This operation is not generally available for all tables of the application, but only
for selected tables. When this operation is not available, the Paste option appears
inactive.
3.1.14.2 Exporting data

Exporting of data from a table of another application (e.g. Microsoft Excel) can be
made as with the copy & paste method, as described below:

1. Select the cells to be copied from HYDRONOMEAS table. To select all the
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table (together with non-writable cells) select Select all from the pop-up menu
displayed when you right-click on the table.

2. Right-click on the table to select Copy.
3. Paste the data on the second application with the respective option.

Note: For tables where multiple selection of cells is not permitted, data export
always refers to the entire table.

3.1.14.3 Exporting a table in a .csv file

Right-click anywhere on the table and select Save to CSV-file.

1. Search the directory where the data shall be stored and enter the name of the
file in the File name field.

2. The .csv file can be read from any software which recognizes this format, e.g.
Microsoft Excel.

3.2 Scenario Component Tables

The scenario component tables list the components and their main properties.
Selection is made through the Properties/... option of the Main Form menu for the
following categories:
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Junctions:
Reservoirs:
Aqueducts:
Pumps:
Turbines:
River segments:
River nodes:
Boreholes:
Inflows:
Targets:
Rules:

Time series:

Aqueduct junctions
Reservoirs
Aqueducts
Pumps
Turbines

River segments
River nodes
Boreholes
Inflows

Targets
Operating rules
Time series

= Hydronomeas - New scenario 1

Fun Resulks Tools  ‘Window

= Reservoirs
[:} E‘! Anqueducks
Select -
x = Pumps
Delete E‘E Turbines
i= CE Boreholes
River E Inflows
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Agueduct @ River nodes
t:_' @ Targets
Turbine B= rujes
i . .
(0] Time series
Purmnp

*B Control variables

O |! Objective functions

Junction

Reszemair

The form displayed shows the following:

2 the main properties table of network components. Each line corresponds to
a network component, and the columns refer to the component’s main
properties, such as the name of the component and other properties that
depend on the category of the component (see the respective data form of the

network component).
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< the operation icons:

2 New: Creates a new component. This operation is supported only for
categories: Aqueduct junction, reservoir, target and operating rule.

2 Open: Opens the data form of the selected component. The form also
opens, by double-clicking on the line that corresponds to the component.

> Delete: Deletes the selected component.
Warning: This is a "Recursive Delete" operation, i.e. dependent components
are deleted as well.

Exceptionally, in the operating rules category, the following additional operations
are provided:

< Reservoirs: Shows the operating rules reservoir graph form

< Simulate: Launches the simulation with the selected operating rules for
reservoirs and boreholes

The network’s diagram is updated when closing the form.
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4.1

Hydrological Scenarios and Time Series

The hydrological variables of the hydrosystem are provided in the form of sequences
of known values, i.e. time series, which are assigned to selected network
components. More particularly, time series are assigned to reservoirs and inflow
junctions.

There are three types of reservoir time series:
o catchment time series
< rainfall time series
< evaporation time series

Catchment refers to the water runoff from the sub-basin upstream the dam, while
rainfall and evaporation refer to reservoir’s surface. All the values of the above time
series are shown in units of equivalent water level (necessarily in mm). On the
contrary, time series for inflow junctions are directly given discharge units (m3/s).

The model's time series can be historical (primary or processed) or synthetic,
which means that they are generated through a stochastic model. In principle,
synthetic time series generation models preserve the statistical correlations among
the respective hydrological processes, thus assuring that representation of
hydrological processes will be realistic and compatible with the actual conditions of
the system. The time series generated through such systematic procedure are
grouped into hydrological scenarios. Therefore, the hydrological scenario refers to
a group of synthetic time series which are statistically consistent the one to the other.
Obviously, time series that belong to a hydrological scenario have common start date
and length.

Importing time series from the Database

HYDRONOMEAS can import time series that are stored in the database through the
time series management form displayed in the following ways:

< from the time series sheet of the reservoir data form.

< from the inflow data form.

Time series data processing is made at independent level.

The database time series management form is as follows:
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Navigation through the database’s documents (time series) is made using the
following buttons:

< first record: Go to the first time series
2 prior record:Go to the previous time series
2 next record: Go to the next time series
< last record: Go to the last time series
To import the selected time series from the database, click the Select button.

The remaining buttons of the form are disabled, because HYDRONOMEAS cannot
modify individual time series in the database (for time series management, see
HYDROGNOMON software).

By clicking the Synoptic table tab, a full list of time series appears (see the following
picture). Clicking on the title of a column (field), time series are classified based on
this field.
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: 4279 1-2-3*Bepp_Hp 141041993 |14/2/2004  Ensfepyoop: Hpephomo | Méon Beppokpooio
| 43731 1-2-3*Bepp_Mrw 1941993 1/2/2004 EncepyoTps Mrpaoio Méarn Bzppokpaaia
| 4287 1 1-2-3Twaw_Hp 14101993 14/2/2004  Encfepyoap: HpepAmo | TosdTnTo avépou
| 4367 | 1-2-3%Twav_Mnw 12941993 [1/2/2004  Ensfepryoaps Mrpaoio TodThTo avépou
_4283 1-2-3yp_Hp 141041993 134252004 Enzfepyoop: Hpspioo | vypoaio
| 4371 1-2-3%yp_Mrw 1/9/993  [1/2/2004  Enzfepyoops Mrpwaoio Yypoaia

4263 | 1-2-3-Bpx_Mnw 141041993 [14/2/2004  Enzfepyoops Hpsprimo | Bpoxdntowon
B 4273 1-2-3dwov_Hp 141041333 14/2/2004  Ensfepyoop: Hpspimo  Aus0Buvor ovépou
B 4265 1-2-3-Bepp_Hp. 141041933 | 14/2/2004  Ensiepyoop: Hpsphomo | Méon Beppokpooio
B 4277 1 1-2-3-Pov_Hyp 141041993 | 14/2/2004  Ensiepyoop HpspAmo | PR avépou
B 4271 1-2-3-Tooaw_Hp. 141041993 | 14/2/2004  Ensfepyoop HpspAmo | Toodtrmo avépou
_428? 1-2-3-yp_Hu 141041993 [13/2/2004  Ensfepyoop: Hpephomo | Yypoooio
:4295 1-2-HA.ak_Hp 17111938 | 14/2/2004  Ensfepyaop Hpephmo | Hiweer) artevoBodice
_42?5 1-2-Hwoq_Hu 20/2/1994  14/2/2004  Encfepyoap: Hpepimo  Hiwgdvao
| 4269 1-2e_Hp 207241994 14/2/2004 Enciepyoop Hpepimo | ATpoo@oupikt nizar
_4509 1-Eq.Bzpp_Hp 17/11/41998 |14/2/2004  Enzfepyoops Hpspimo | Méarn Beppokpogio
| 223 1-BFx_NPQOT Fai 304941993 81241999 MpwTtoveyfc dskdiento  BpoxdnToagty
_ 4115 | 1-Bpx_missingHp 141041993 13412933 Ensfepyoops Hpsprimo | Bpoxdntoon
Stations | Timeseries-Stations (MoAutegveioimoAn Zuwypdgpou)

The columns shown in the time series synoptic table can be configured by the user:
By right-clicking on the column titles (see the following picture), all columns appear in
a list and with an indication on the visible columns. Moreover, by “dragging” the
columns, you can change the display order. Finally, one can also change the size of
a column.
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411

= Hydrognomon [Beta]

v id
Edit v Mame {Ereak)
Daata entry form | Synoptic table v Name (Englsh)
v Stark date
id |Narne [Greek] v End date Type |Ste|:- ‘Y ariable ~
B|4231 1-2*Hiog_Hy v Type EnzEepyoop Hpzpfimo | Hiwpdveo
" 4385 1-2%-Hilom_tryw v Time step 42004 Ensfepyoops Mrwoio Hiloqdvaio
_4285 1-2*Me_Hp v Variable 2/2004  Ensiepyoop Hpepimo  Atpocgoupikd nisar
B 4363 1-2%Mhe_Mrw Public 2004 Ensiepyoopi Msaoio ATpoT@Oupik nisay
" |azen 1-2-3°Bpe_Hu Hydrological year 2/2004 | Enzfepyoop: Hpsphmo | BpoxdnTogr
" |a3e3 1-2-3* B Time step strict 42004 Enciepyoop: Mrpaoio | BpoxdnTowdan
: 4279 1-2-3*Bzpp_Hp variable type 22004 Enefzpyoops Hpepimao | Méon Beppokpoaio
43731 1-2-3*Bepp_Mrw Uit J2004 Enztepyoaps Mroio Méarn Bzppokpaaia
: 4287 1 1-2-3Twaw_Hp Instrument 22004 Enciepyoap HuzpRmo | TooedThTe awvépou
| 4367 | 1-2-3%Twav_Mnw 12941993 [1/2/2004  Ensfepryoaps Mrpaoio TodThTo avépou
_4283 1-2-3yp_Hp 141041993 134252004 Enzfepyoop: Hpspioo | vypoaio
| 4371 1-2-3%yp_Mrw 1/9/993  [1/2/2004  Enzfepyoops Mrpwaoio Yypoaia
4263 | 1-2-3-Bpx_Mnw 141041993 [14/2/2004  Enzfepyoops Hpsprimo | Bpoxdntowon
B 4273 1-2-3dwov_Hp 141041333 14/2/2004  Ensfepyoop: Hpspimo  Aus0Buvor ovépou
B 4265 1-2-3-Bepp_Hp. 141041933 | 14/2/2004  Ensiepyoop: Hpsphomo | Méon Beppokpooio
B 4277 1 1-2-3-Pov_Hyp 141041993 | 14/2/2004  Ensiepyoop HpspAmo | PR avépou
B 4271 1-2-3-Tooaw_Hp. 141041993 | 14/2/2004  Ensfepyoop HpspAmo | Toodtrmo avépou
_428? 1-2-3-yp_Hu 141041993 [13/2/2004  Ensfepyoop: Hpephomo | Yypoooio
:4295 1-2-HA.ak_Hp 17111938 | 14/2/2004  Ensfepyaop Hpephmo | Hiweer) artevoBodice
_42?5 1-2-Hwoq_Hu 20/2/1994  14/2/2004  Encfepyoap: Hpepimo  Hiwgdvao
| 4269 1-2e_Hp 207241994 14/2/2004 Enciepyoop Hpepimo | ATpoo@oupikt nizar
_4509 1-Eq.Bzpp_Hp 17/11/41998 |14/2/2004  Enzfepyoops Hpspimo | Méarn Beppokpogio
| 223 1-BFx_NPQOT Fai 304941993 81241999 MpwTtoveyfc dskdiento  BpoxdnToagty
_ 4115 | 1-Bpx_missingHp 141041993 13412933 Ensfepyoops Hpsprimo | Bpoxdntoon ¥
Stations | Timeseries-Stations (MoAutegveioimoAn Zuwypdgpou)

Time series fields

In the data entry form tab, the following time series details are displayed:
Name: The name of a time series, a free descriptive text field.

From - To: The time limits of a time series. These fields are automatically updated
from the actual data comprised in the time series.

Synthetic: This label is automatically activated for synthetic data time series.

Strict: Strict time step. The strict time step refers to time series where values are
temporally equidistant. The strict time step does not however exclude a constant
Date offset, for example daily rainfall measurements at 08:00 instead of 00:00 when
day begins. The Strict property can only be set in time series of ten-minutes, hourly
and daily time step. For time series of monthly and yearly time step, this property by
default is active.

Date offset. Temporal offset, if a time series has strict time step and values do not
refer to the integer temporal segmentations (e.g. beginning of an hour or day) the
quantity of constant date offset must be determined, mainly for internal checks of
data consistency.

Hydrological year: This property is meaningful only for time series with yearly time
step.

Type: A time series can include primary measurement data, processed data or can
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be a synthetic time series produced by a generation model. After having determined
the type of data, it can no longer be changed. HYDRONOMEAS can load any type
of time series from the database, but time series stored in the database (together
with a HYDRONOMEAS scenario) are always of synthetic type.

Type:

W
Wariable: i
War Tope: EU"."EETLKﬁ 5

Variable. The variable field provides the hydrometeorological variable of time series
data, e.g. temperature, moisture, wind speed, etc.

Y ariable: Hrvomciveo W

War, Tupe:

Ercixotn Beppokpooic

Time step: AndBspo TopEuTADD
i AiziByan ovdEpou
Offset: Punr) cwpiou
Uriit: ATpoTmoplEd N b
: : a0

Variable type (The type of processed time series variable). The processed time
series may have been obtained as maximum, instant, minimum or mean values from
the data of an initial time series. The label appears in this field (Var. Type).

War, Type: w

ETUypLTi s

Time step: Hpeprid AHoouT Tk
H : 00 TLLL I'.:.'I

Offzet: bzl oo

Eﬁl::xicrﬁw b\ v

[t L

Instrument: Specifically the time series of gauging stations are also organized as to
their instruments.

| nztrument; "

2 A anderaa-3064-4.08nTApog PpoxonTwong -~
1:4anderaa-3160-A00AnTApo: Bidpkaios nllopdy Lo

| 3Aanderaa-31 S0-AuabnTripoe SiedByane ovdpou
-4 A anderaa-2 7 40-A0BnTRpos ToxUTHTOS i
fAanderas-2 31 0A0AnTApOS MTPOTQOPIERS AlETns
A anderaa-2820-4u08nThpos hipooios

7 A anderas-31 45-.5.lUEFlTﬁpDI\; EEELLDFpD:UID:Q o hl

trict

Time step: The type of a time step.

Tirne step: Huepfioo .

Offset: ApowdvidTo Al
AzrdrenTo

Uit L pioio

Hupzpfoo %
krpeLoio
ETAmo 5

Unit (Measuring unit): The time series data are expressed in some physical quantity
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which is shown in this field.

Unit: . w

‘s e

. S
ricromeldzdm™;
ity

Data... ;éi % 2 E

4.1.2 Special operations

Show all timeseries (Show all timeseries) or only the synthetic (Show synthetic
timeseries) or the real ones (Show real timeseries). Real time series are the
time series of primary or processed data. The user uses the menu below from
the time series management form:

Options  Tabs  Bookmarks Help @C

Copy synopkic kable Shifk+Ckel4C
Go ka.,, Chrl+3

Show all limeseries

Show real timeseries %
Shiowe synkhetic timeseries

e Copy the synoptic table to clipboard (Copy synoptic table). The user can copy
the records as they are shown in the synoptic table:

Options  Tabs  Bookmarks  Help i3 Cle

Copy synopkic table Shifk+CEr
o ko... Ckrl+ia %
® Show all kimeseries

Show real timeseries
Show synthetic bmeseries

e Go to a specific record with known id (Go to...):

m Options  Tabs Bookmarks Help g Clo
Copy synoptic kable Shift+Cerl+C

Qo ko,

® Show all bimeseries %
Shiow real timeseries
Shiow synthetic bmeseries

oo

4.2 Editing time series data.

HYDRONOMEAS can edit time series through the time series management form
displayed in the following ways:

< from the time series sheet of the reservoir data form.
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< from the inflow data form.

o from the time series table by selecting Properties/Time series from
HYDRONOMEAS main form.

'.-t” Time Series

Reference  |MrSections  |StartDate EndDate

Anoppor - riky Rezervoir Tilikn 200 14042003 1/3/2013
rainfallMomosZ000vears.tst - Reservor Mapvog 200 141042003 1/3/2013
nofftdormoz2000vears. et Reservoir tapvog 200 14042003 1/9/2013
BpoxdnTwan - Ednwoc Rezervair Eiinwiog 200 1402003 1/9/2013
Anoppor] - Ednvog Rezervoir Ednwog 200 14042003 1/3/2013
Bpoxdntwan - MopoBivas  Reservoir MopoBoyas 200 141042003 1732003

Anoppor - MopoBdvog Fezervair MopoBowas 200 1402003 1/9/2013

(]9

The time series data management form provides the user with the possibility

9 to manage time series sections (Series/Add sections..., Series/Insert
sections..., Series/Delete sections...) thus configuring hydrological
scenarios.

< to load and write time series to a file (Series/Load from file..., Series/Write
to file...).

to import and delete records from the time series table (Edit/Add records...,
Edit/delete records...).

to copy field values to and from the clipboard (Edit/Copy, Edit/Paste).

O

to show statistics (View/Show section statistics).
to display the graphs of selected time series or time series sections (Graphs).

OO0 00

to display statistical characteristics of the time series using the add-on
software Pythia (Tools/Pythia).
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Series  Edit  Wiew Graphs  Tools
2= & 4 &
Copy Pazte Graph | Statitstics
Section: 1 | Section: 2 | Section: 3 | Section: 4 | Section: 5 | Section: B | Section: ¥ | Sechion:

2003410 RIS 711 17.12 16.43 10,98 25,56 12,66 3
2003411 37.06 38.09 4358 5741 53,50 aE9 272 2
200312 3457 52.00 2832 59,86 56,91 118,14 E2.E5 0
200401 .00 6210 422 104,53 21,25 6241 44,26 0
2004402 .00 40.08 E3.96 85,30 94,16 70,02 52.04 0
2004403 10,38 3816 431 54.35 9E.91 78,87 34.07 14
200404 15,68 40,65 54.42 43,53 BE.23 5361 47.63 23
2004405 1236 39.55 3807 41,73 .06 32485 28,77 15
200406 4.85 12.45 14,86 20,23 2807 17,88 919 14
200407 7.54 1050 1045 17.73 14,38 11.55 £.95 E
2004./08 12,76 5.02 4482 1617 18,86 E.15 9.72 10
2004409 9.48 11.10 434 13.66 8.2 1852 E.34 11
200440 2532 40.38 2867 18,45 0.EE 17,68 112 16
2004411 57.06 3243 2490 23,42 12,33 463 35,43 0
20042 30.24 53,18 11.20 102,55 52.44 260,23 3257 0
2005401 &50.00 2362 4542 1E0.36 8394 3706 38,07 0
2005402 0.00 20,08 47.41 12717 A7 43,85 50,16 0
E;EIEIEEEIS 2090 36T 3978 24 B7 a31.08 51.38 L 1}3 b

Note:

Additional functions and information about time series management are
provided by HYDROGNOMON Time Series Management System.
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5.1

5.2

Simulation

General

During the simulation water is transported from the resources (reservoirs, boreholes,
rivers, inflows) to the water users (water supply, irrigation, hydropower generation,
environmental preservation etc.). Simulation is performed step-by-step, taking into
account the typical quantities of the hydrosystem, the targets and the current
operating rules. Upon simulation, HYDRONOMEAS calculates the optimum
allocation of water resources at each time step, aiming at:

< strictly complying with the physical restrictions of the network (reservoir
capacities, aqueduct and pump station discharge capacities, etc.).

S minimizing the spills of reservoirs (spills take place only if the discharge
capacity of the downstream network has been exhausted).

O

achieving the targets, in accordance with the hierarchy set by the user.

< minimizing the deviation from desirable quantities provided by the operating
rules (e.g. reservoir storage targets).

2 achieving the best financial performance (minimize the water transport cost,
minimize the pumping cost, maximize the benefit from hydroelectric power
generation).

Note:

HYDRONOMEAS incorporates an abstraction allocation model, which transforms
the components of the hydrosystem into components of a virtual graph, where it
imports virtual values of discharge capacity and cost. It is therefore demonstrated
that simulation is a step-by-step resolution of a series of linear programming
problems. The computational procedure is fully automated and does not require any
intervention by the user.

Operating Rules

The operating rules are generalized rules that apply to specific components of the
network, setting a specific policy for their management. More particularly, according
to operating rules the desirable withdrawals:

< from ground waters (reservoir operating rules) and
o from aquifers (borehole operating rules)

are calculated at each time step, in conjunction with the total available storage and
the total demand.

The mathematical description of operating rules is made through a specific number
of parameters that remain constant throughout the simulation period. Therefore, after
the end of the simulation, it is possible to evaluate the specific administrative policy
, as described by the parameters of the operating rules, against different
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5.2.1

performance measures, such as reliability, cost, etc. By changing the values of
parameters, different operating rules are applied, and thus the simulation produces
different results.

Note: In a simple simulation, the parameters of operating rules are provided by
the user. The optimization process permits the automatic calculation of
these parameters.

Reservoir operating rules

Reservoir operating rules evaluate the desirable allocation of their storage, in
conjunction with the total useful storage that is expected to be available at the end of
the time step. The evaluation of desirable storage depends on the following factors:

2 the total storage of reservoirs at the beginning of a time step.

2 expected hydrological inflows of each reservoir due to catchment runoff or
rainfall, after deducting the expected losses due to evaporation and leakages.

< the total water demand to meet consumption targets.

<2 the useful capacity of each reservoir and the total useful capacity of the
system.

o the desirable variation of each reservoir's storage, based on the current
values of minimum and maximum volume targets (is set).

In the 4™ sheet of the reservoir data form, the user can set the operating rule of a
reservoir, by setting one or two seasonal parameters (a, b) in the Parametric Rule
area. The operating rules may remain the same in every month of the year or change
during the dry and wet period. The number of parameters used is given in the options
form. The parameter values may vary between 0 and 1.

Reservoir @

b air ] L-\-"-S-Eurve] Leakage Management lTime series]

Simulation Wiet and Dy Season

Parametric rule
Only B Coefficientz are uzed

“Wet season param. & |E| B ||l5
Dy geazon param. & |E| B ||l3
Fate:

The parametric rule can be by-pazsed by defining
a mawimur and a minimun walume target

] | Cancel
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5.2.2

At each time step, based on the current desirable storage, the respective desirable
water withdrawal from each reservoir is calculated. The simulation model seeks to
meet the specific withdrawal, provided this does not oppose to the physical
restrictions of the network (e.g. the specific withdrawal cannot be conveyed
downstream due to exhaustion of the discharge capacity of downstream aqueducts)
and the operating targets of the hydrosystem (e.g. a greater withdrawal is required to
meet a downstream demand). Otherwise, the model calculates a water outflow that is
as close as possible to the desirable one.

Notes:

In a relatively complex hydrosystem, with a complicated topology and opposing
targets, the actual withdrawals usually differ from the desirable ones. This means
that the management of a hydrosystem mainly depends on the different restrictions
set (due to the physical characteristics of the system and due to the user defined
targets) and secondarily on the operating rules.

More information on the parametric rule for the operation of reservoirs is provided by
Nalbantis and Koutsoyiannis, 1997.
Graphical representation of reservoir operating rules

Reservoir operating rules of the current scenario can be represented in the form of a
graph by selecting from the menu of the Main Form Tools/Show reservoir rules.

i Reservoirs operating rules chart
Chart | Table |

= 100 §

Target reservo
[us]
=

30 40 50 B0 70 S0 90 100 110120 130140 150160 170 180 190 200 210 220 230 240 250 260 270 280 290
Total system storage [hm3]

—Res258 (h=05000 — Res259 min. volume == Ras261 (b =1,000) I

g —

Year 2005 td anth |January
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The form displayed shows the graph of reservoir current operating rules. The graph
sets the desirable storage of each reservoir (target storage) in relation to the total
system storage. Below the graph, are listed the current a and b coefficients of
reservoirs. From the scroll bar, you can select the time step that applies to the graph.

The second sheet of the form (Table) lists the operating rule of reservoirs in the form
of a table that matches the desirable reservoir storage to the total system storage.

& Reservoirs operating rules chart

Chart Table l

Total Spstem Storage [hn3] Res2h9 ResZB1 -
23.79 20,00

26.58 E.58 20,00

29,37 937 20,00

3216 126 20,00

34,95 14,95 20,00

3r.74 17.74 20,00

40,53 2053 20,00

43,32 2332 20,00

4611 2611 20,00

48,90 2840 20,00

51,69 kS 20,00

54,43 3448 20,00

57.2¢7 KRn 20,00

E0.0E 40,08 20,00

E2.85 4285 20,00

65,64 45,54 20,00

55,43 4543 20,00

.22 a0.27 20,95

4.0 50,87 2314

#6.80 51.48 2532

(st 52,08 2751 3

H . Year |2005 Maonth  [Januany

5.2.3 Borehole operating rules

The operating rules of boreholes use two threshold parameters for each borehole,
the upper threshold (bup) and the lower threshold (bdown), that permit or not
underground withdrawals, depending on the total system storage.
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Borehole E]

b air l

Mode |

Max. discharge |1 2 Mz

Uzage thresholds

IJpper threzshold 1
Lawver threshold i}

Specific energy  [0.53 Kihim>

] 4 | Cancel |

More specifically, the operation of each borehole is based on the following rule:

< when the total reservoir storage at the beginning of a time step is greater than
the percentage of bup (Upper threshold) on the total useful capacity of
reservoirs (i.e. total abstractable potential of the system), then the operation of
the borehole is not permitted.

< when the total reservoirs storage at the beginning of a time step is lower than
the percentage of bdown (Lower threshold) on the total useful capacity of
reservoirs, then it is required to activate a borehole, regardless of cost, due to
the energy consumption.

2 in all other cases, the use of a borehole is controlled by the abstractions
allocation model, based on its actual financial quantities.

Both threshold parameters of each borehole are given in the borehole data form and
obtain values within the range of [0, 1], with the lower threshold obviously always
being lower than the upper threshold.

5.2.4 Management of operating rules

During a session, the user can perform a series of simulations using different
operating rules of his choice.

A way of entering operating rules is using the relevant data forms, i.e. the reservoir
data form for reservoirs and the borehole data form for boreholes. The operating
rules entered in this way are called current operating rules of the scenario and are
those that will apply if the simulation is performed.

The current operating rules can be saved and used later in one of the following ways:

< Select Tools/Make rules from HYDRONOMEAS Main Form menu.
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E Hydronomeas - New scenario 1

File Wiew Properties Run  Results BGREN Window  Help
j||E"|H|QB| ‘f&'|ﬂ| alidate scenario
[:} u Show reservair rules k
Select
Delete

< By launching the simulation, the current operating rules are automatically
saved.

Management of operating rules is made from the table of operating rules that
appears by selecting Properties/Rules from the Main Form.

Operating rules

Last statuz

Mame
rules from gimulation testParBule-15/6/2006 4:03:53 pp
MHew Rule Mot evaluated

Simulated

rules from simulation testParBule-15/6/2006 6:00:39 pp Simulated
rules from gimulation testParBule-15/6/2006 B:06:15 pp Mot evaluated
| rules from simulation testParBule-15/6/2006 6:06:35 pp | Mot evaluated

jNew | = Dpen | ﬂDelete | uHesewDirs| 2 Simulate | Cloze

The table displayed includes all saved operating rules of the scenario. Each line of
the table refers to a set of operating rules for all reservoirs and boreholes of the
network, whereas columns provide the name of the rules (Name) and their last status
(Last status), which can be either Simulated when a simulation has been

performed or Not evaluated.

The form provides the following management operations:
< New: Opens the form to create new operating rules.
2 Open: Opens the form to preview and modify the selected operating rules.
<> Delete: Deletes the selected operating rules.
2 Reservoirs: Shows the graphical representation of reservoir operating rules.
< Simulate: The simulation is performed with the selected operating rules.

By selecting New or Open, the operating rules form opens which is divided in three
sheets:
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The main sheet (General) includes fields to enter or modify the name of operating
rules (Name) and their description (Description).

General l Hesewuirs] Bnrehnles]

[ Uszedin Sirmulation I ame |ﬁ.u-:r|.lsvé-: geviplo peydins alinons TAThoRS vapol

[w Mot evaluated

Description

Fowdves dzitoupyiog nou agopody To Suopevic oevdpuo pevydins oofnons TAtnang vepod. 1/1/2006

Cancel |

Furthermore, there are marks that show whether the operating rules have been used
in a simulation (Used in Simulation) or not (Not evaluated). These marks cannot be
changed by the user.

The next sheet concerns the reservoir operating rules and lists in table format the A
and B parameters of the operating parametric rule (Parametric rule). If you have
selected seasonal differentiation of operating rules, then values are set in the
columns that apply to the dry period and are marked dry.

RulesForm X

General Beservois l Bnrehules]

| Parametric RBule |

FpokoPo

(] | Cancel

In case where the operating rules have not yet been used in a simulation, double-
click on a line of the reservoir table, to show the reservoir’'s operating rule import form
and change all the options.

© 2007 NAMA Consulting Engineers & Planners SA



Simulation 83

Reservoir operating rules IE
Wt zeason D zeason
Parameter & |0.82 Pararmeter & |0.80
Parameter B |0.84 Parameter B |0.27

Cancel |

The last sheet refers to borehole or borehole group operating rules and lists in table
format the Upper Threshold and Lower Threshold of use.

RulesForm X

General] Reservoirs  Borsholes l

Barehole group name Ipper Threghald Lawer Threghald

Bk

MoupooouBdda 0.a 0.25

ok

In case where the operating rules have not yet been used in a simulation, double-
click on a line of the borehole table, to show the borehole’s operating rule import form
and change the values of thresholds.

Borehole groups operating rules £

Upper threshold 0.2
Lower threshold  |0.4

oKk |

5.3 Options

A scenario’s options are set in the options form that appears on the screen by
selecting Run/Options from the menu of HYDRONOMEAS Main Form.

© 2007 NAMA Consulting Engineers & Planners SA



84

HYDRONOMEAS - Model for Simulation and Optimisation of Hydrosystems Management

Mew scenario 1
= MEIN Results  Toaols  Wir

ﬂ Options

= Sir%atiu:-n
‘@ Optimisation
Animation

Hiskory L4

In the Simulation sheet, the user can set the following principal simulation
operations:

2 In the Hydrologic scenarios area, set the number of hydrologic scenarios
(Number of hydrologic scenarios) to be simulated and the initial and final
simulation year (Start date, End date). Integral calendar years are always
simulated, i.e. the initial month is always January and the final month is
always December.

2 In the Aqueducts area, the user sets whether the simulations shall be
performed with the actual discharge capacity values (Actual discharge
capacity) provided in the reservoir data form or using the unlimited discharge
capacity option (Unlimited discharge capacity). The latter option is useful
when calculating the theoretical potential of a hydrosystem, regardless of the
discharge capacity constraint of aqueducts.

o Seasons area concerns the seasonal differentiation of reservoir operating
rules: By selecting No seasons the user selects to use constant operating
rules throughout the year. On the contrary, by selecting Two seasons per
period, operating rules are seasonally differentiated, and the start of wet and
dry season is in the months set in Start of wet season and Start of dry
season fields, respectively.

2 In Reservoirs area, the user sets whether the parametric rules for the
operation of reservoirs are set by two coefficients or not (Use a and b
coefficients) or by only one coefficient (Use only b coefficients).
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Scenario Options

Sirnulation l Dptimisatiun]

Simulation period

Murmber of hydrologic scenarnios 100

Startdate | 2006

- Aqueducts

End date | 2015

Seazonsz
[v Mo zeazons

[ Two zeazons per period

[v Actual discharge capacity
[ Unlimited dizcharge capacity

Reservoirs
[v ze aand b coefficients

[ Use only b coefficients

Start of wet zeason |

Start of dry zeasan |

] | Cancel

Note: More information on the parametric rule for the operation of reservoirs is
provided by Nalbantis and Koutsoyiannis, 1997.

5.4 Performing a simulation

A simulation is performed with the current operating rules using one of the following

ways:

< Select Run/Simulation/Current Rules from the Main Form menu.

=] Hydronomeas - New scenario 1

Bl=EEIE

s

Select

X

Delete

1=

River

File ‘Wiew Properkies

| |

SN Resulks Tools  Window  Help

Options

B E Sirnulakion I

@3 Ophimisation Select Rules

Animatian

History: L

< By clicking the Simulation icon (b) from the basic operations icons of the

Main Form.

Following the performance of data validation and provided no errors are found, the
simulation is performed in the background. The screen displays the simulation
monitoring form where the user can verify the progress and check the process.

Notes:

2 During the simulation the user can visualize the procedure by selecting from
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5.4.1

=

the Main Form the Animation bookmark.

By selecting Run/Simulation/Selected Rules from the main menu form, the
saved operating rules form appears, where the user can select and execute
another operating rule.

Data validation

Before

launching the simulation, HYDRONOMEAS performs a validation of

scenario’s data. In case where data will result from this validation, these are detailed
in a list. All pieces of information are classified in one of the following categories:

1.

Note:

Error

In case of error, it is impossible to perform the simulation. The user has to
correct all the errors in order to perform the simulation. By clicking the OK
button, the control of the system returns to the user.

Warning

This is an important information that might affect the progress of the
simulation, but it does not prevent its performance. The user can ignore the
warning and if no faults have been identified, the user can perform the
simulation, by clicking OK.

Information
This is a simple notification that has no impact on the progress of the
simulation.

Messages

[Error]  Agqueduct ‘44175 Dizcharge capacity should have a pozitive real value

[Ermor]  Reservor 'Ednvog’ The cachment area should have a positive real value

[Errar] Reserair Ednvoc The LA-5-curves should be defined by at least three records
[Errar] Reserair 'Edrvog’ unoff: Section 1 containg null walues.

[warming]  Reservoir 'Bdrvog' The time senes for rainfall iz migzing
Mwfarning])  Reservoir Borpoc’ The time senes for evapaoration iz mizsing
[Ermar]  Inflows Tl Eufwou' ime genes: Section 1 containg null values,

Validation can also be performed regardless of performing the simulation,
by selecting Tools/Validate scenario from HYDRONOMEAS Main Form
menu.

E Hydronomeas - Hew scenario 2

File “iew Properties Run  Results BGEGEN Window  Help
J|E'?|H|'{E| ‘1'.5-'|@| + Walidate scenario
%Makﬂ rules k L
S[:T t L show reservair rules
elec
Delete
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5.4.2 Monitoring of the procedure

During the visualization of the simulation the following simulation monitoring form
appears:

Elapsed time: 0° 18"

The user can monitor the simulation procedure, by clicking the following buttons:
2 Hold: The simulation is temporarily interrupted.
< Abort: The procedure is cancelled: No results are saved.
In case where you click the Hold button, this is renamed Go and the form turns as

follows:

@ &bort |

el M et

Hydrologic scenario (1143
Sirnulation period ]

Simulation step 11

2 Go: The simulation is resumed from the point it was interrupted. The forms
turns into its first version.

< Next: Jump to the next time step.
Moreover, the current time step of the simulation is given in three fields.
< Hydrologic scenario: The current hydrologic scenario.
< Simulation period: The current period (simulated year).
< Simulation step: The current step (simulated month of the year).
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Simulation visualization

The simulation procedure can be visualized both in_real time and in_retrospection.
The user can preview the status of the network in each step of the simulation. More
particularly, the user can monitor:

S The choices made through HYDRONOMEAS concerning water transport, in
order to meet the operating targets set by the user and to meet the objectives
and constraints of the system.

2 The quantities carried through the hydrosystem's conduits (aqueducts, rivers,
pumps, turbines) in relation to their discharge capacity.

o The actual reservoir storage as to the desirable variation, the target volume,
the dead volume and the spill volume.

o The quantities of water used in the hydrosystem’s model from aquifers and
external resources (inflows).

2 The failure to meet operating targets set by the user.

The simulation procedure is visualized in the simulation visualization sheet displayed
by clicking on the Animation bookmark in Hydronomeas Main Form. This sheet
shows the network's diagram with the same layout as in the network design form.

E Hydronomeas - New Scenario 1 *

Anirmnation
BIEICIEREE ]

RN4183  Elapsed time: 0° 22" =
2.5
; Mredic ELF L]
I Fpvée Eufvou
=R B ek OGD | @Abnrt |

|
|
R4130 q © Ner

3.21

I|l Hydrologic scenario |1

?.-_\.3%1 73 % 24175 Mepuathc Simulation period 1

Ednyoc [ 1. - Sirulation ste 1
B Shig 4457 i

AigTapo

|' /I,
gy Rea192

o Mt
’Irl
|

CIJ) 10,00

RM41T1

Metwork, ,’.\
Simulating. .. Wi l3avh 2
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Note: The simulation visualization sheet is only displayed during the simulation
or if a simulation has been performed without having changed scenario’s
data. Otherwise, the simulation has to be repeated.

The reservoir storage is displayed in blue. The level that corresponds to the target
volume of the operating parametric rule is represented with a horizontal dashed line,
and the dead volume with a solid black line. The upper and lower thresholds of
volumes that the user may have set (see simulation targets) are represented with a

solid red line.
[ spill level
max. level
target volume Mapwos

actual storage T
@ead storag@

The blue gradient of conduits shows the volume of water carried from them as to
their discharge capacity. Flows resulting from pumping are represented as pink
hues.

leakage

J301

discharge

discharge capacity

The legend of the simulation visualization sheet is displayed by selecting Animation/
Legend from the menu of the Main Form.
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%= Hydronomeas - Kapditoa

Al
[:

Amirnation

Junckions L
Reservoirs r
SE
3 Anqueducks L
3
D Baorehales
Inflowes r
;[ 3

Ei River seqments

and informs the user about all labels shown:

Legend E| Legend E3

Junctions () Aniloi kdpRou: P

[ Failure C adovoxic

B ‘ater consumption B oo

9393 Aggregated water consumption target 9399 ABp. T oToxwy KOTOYATWTNS

8998 Aggregated water consumption deficit B985 APp. Ty efiziporog otdy koTovdioog
Reszervoirs |:| Taueuvtipec: |:|

1 Failure C Aovoxio

O Actual level O =vdBpn enikopou dyvkou

— [Dead volume —— Mekpoc dykoc

""" Target storage === 'Uykog OTdxog

—  Minimum/masimum target storage — ey Edox dykol oTdxom

9399 Swurplus/deficit regarding mindmax target 9399 Awxgopd o8 oxeon pe pey. feidx. dyko oToxo

99,99 Actual storage 9999 Twr enikonpou dykou

93,99 Target storage value 93,99 Twr oyou oToxou

93,99 Aggregated water consumption target 9399 ABp. Ty oToxwy KOTOVATWTNS

B8998 Agoregated water consumption deficit BEEE Afp. T efiziporos ordey koTovdiuomg
Agqueducts = Yhpaywyeia: =
Pumps = Avtiootdou: =
Turbines = EZrpdfulon =
1 Failure C Aovoxio

B ./ ater tansportation via gravity B i:Topopd vepol pe BoplThTo

B ‘water transportation via pumping B HMetopopd vepol pe dyiinon

BEE8 Leakage BEES T Gupporfs

9393 Actual dizcharge 9393 Twr enikoophe NopoxEAs

BEEE Ci:charge capacity BEEE Ty nopoxetsumikdThTog
Boreholes d MewmTpRoels: d

9393 Actual dizcharge 9993 Twr enikoophs NopoxAs

BEEE Fumping capaciy BEEE Ty oovtiinTieds sovdTnTOg
Inflows d Exopoéc: d
River segments = Yharopedpora: =

9393 Actual dizcharge 9993 Twr enikoophs NopoxAs

The legend of the simulation visualization  The translation of the legend in Greek
sheet

Notes:
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< The visualization of the network, together with the simulation, considerably
increases the processing load of the computer and retards the simulation
procedure.

2 By selecting Animation/... from the menu of the Main Form, the user can
show/hide the selected label groups.

&S Hydronomeas - New scenario 1 *

Animation
J' | 0 Legend B |

[: Reservoirs  F| v Mame

- Agqueducts  F| w wWakter consumption indicator

De Boreholes ¥ v Target Failure indicator
i Inflows kW fAagregaked water consumpkion barget
River v Aggregated water consumption deficit

L

Agqueduct

o

Turbire

< At any time during a simulation, the user can visualize the simulation
procedure, by selecting the Animation sheet or let the procedure continue
without visualization, by selecting the Network sheet.

Information about monitoring the visualization procedure is available in chapters:
< Visualization during the performance of a simulation.

< Recursive visualization of a simulation.

6.1  Visualization during the performance of a simulation

The procedure of simulation can be visualized, as from the very first time step
(month), as follows:

1. Select Run/Animation from HYDRONOMEAS Main Form menu.

E Hydronomeas - New scenario 1 *

File ‘iew Properties B30GW Resulks  Tools  Window  Help
- | M= Cptions
J|E‘J H|= S
— Simulation r
N @& Optimisation
Delete Histary
i=

Riner

2. If scenario data are valid the visualization sheet (Animation) appears in the
status following the performance of the first time step (1t month) of the first
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hydrological scenario.

3. The simulation is temporarily interrupted and the user can perform any action
by selecting the appropriate options from the simulation monitoring form.

Notes:

2 The user can at any time visualize the simulation procedure by selecting from
the Main Form the Animation bookmark. When selecting the Network
bookmark, the simulation is performed in the background.

2 The visualization of the network, together with the simulation, considerably
increases the processing load of the computer and retards the simulation
procedure.

6.2 Recursive visualization of a simulation

After terminating a simulation, you can recursively review step-by-step the
simulation. The simulation visualization sheet remains available and is displayed on
the screen if selected by clicking on the Animation bookmark in Hydronomeas Main
Form.

o f

Baorehale

o

[rfloe

5

Tanget £

Idle

The simulation visualization sheet appears.
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E Hydronomeas - New Scenario 1 *

File Animation Results  Window Help

Jle|d |2 =

RM4189 ~
(?2_55—9
| Mrpyéc Eurfwou
268 p
| Bomikd
| R41a0
3.4

Mepiotic
Evinpvos
57 N
. AigTopn ~1 D,IZIDh“1481
| 0,00 -S\\
0 Dr[—} R4192 L MeviB
4l
|
(Lg 10,00
Rk4191
-
< >
. Hydrologic scenaro Simulation period  Simulation step
... 00009 1 1 1
Metwark
Idle A 133Y: 2

On the lower part of the picture, the following visualization monitoring tools are
displayed:

2 The scroll bar, with which the user can drag and visualize any time step of
the last simulation.

2 The time step shown includes three fields:

1. Hydrologic scenario: The current hydrologic scenario.

2. Simulation period: The current period (simulated year).

3. Simulation step: The current step (simulated month of the year).
< The navigation buttons:
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Previous hydr. scenario: Jump to the beginning of the previous
hydrological scenario.

Previous step: Jump to the previous time step (month).

Go: Resume simulation from the point it was interrupted.

ceoe ©

Hold: During the simulation, the Go button is renamed Hold and if
clicked, the simulation is interrupted.

Next step: Jump to the next time step (month).

© ©

Next hydr. scenario: Jump to the beginning of the next hydrological
scenario.

Note: The recursive simulation visualization is only possible if the simulation

has been performed without having changed scenario’s data. Otherwise,
the simulation has to be repeated.
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71

Simulation results

The results of calculations are available after having fully performed the simulation
and are divided in the following categories:

< Failure forecast for targets set and their time distribution.

S Water and energy balances: In addition to the monthly average, the standard
deviation for the selected time period is calculated.

o Forecast of reservoir storage: In case where the scenario includes a
simulation with multiple hydrological scenarios, the results are provided in the
base of storage forecast equiprobable curves.

Notes:

The results of calculations always concern the last calculation and are available only
if the simulation procedure has been completed. In case of early interruption of the
procedure, the user must resume and complete the simulation, for which the user is
prompted through a relevant message:

Error, ﬁ|

@ The last calculation is uncompleted

Any change to the data of the current scenario, e.g. modification of the network, the
targets or simulation settings makes impossible the preview of the results of the
previous simulation, as they do no longer correspond to the current scenario. A
relevant message appears on screen and the simulation has to be resumed.

Error §|

@ The network properties hawe been modified since the last simulation, Execute a simulation Firsk,

Failure forecast for targets and constraints

One of the main features of Hydronomeas is that it calculates all hydrological
quantities in probability terms. More particularly, in what concerns the targets and
constraints of the hydrosystem, the application calculates different failure measures
which are aggregated in the system's failure form that is shown by selecting Results/
Failure probability from the menu of the Main Form.
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Target Failure probability

Mean annual failure Max. annual failure Failed time steps Mean annual deficit ax. annual deficit

1] 0.000 0.000 a 0.000
2] MapaBavag - Min, volume 0.00s 0mo B 0145
3] Motopde Ednyvos - Const. flow 0125 0.205 108 2702
4] Edrprog - Max. volume 0203 0.260 195 9529
5] Evwmikd dugtopou - Max. flow 0.00g oo g 0.026 -
E) ABrwa - water supply n0.oog 0o B 0.090 0134
7] MapaBiivag - Max volume 0105 0210 152 2519 -
8] KonoiSo - Imigation 0.o05 noin 3 0.054 0108

The term failure means non-fulfilment of the requested quantity at a specific time
step. During the simulation, the model counts the time steps in which each target's
requested value was not achieved and calculates the respective deficit (in the case
of consumption and energy production targets and constraints of minimum reservoir
storage and minimum aqueduct or river discharge) or excess (in the case of
maximum reservoir storage and maximum aqueduct or river discharge).

The form lists a series of failure measures in table format, as follows:
1st column (Target): The name of the target/constraint.

2¢ column (Mean annual failure): Represents the mean annual failure, i.e. the rate
of time periods (years) during which the desirable value of the target is not fully
achieved, as to the total of simulated periods, i.e. the total length of the simulation in
years.

3¢ column (Max. annual failure): Represents the maximum annual failure
probability, by comparing for each simulated year the respective rate of hydrological
scenarios in which desirable value of the target is not fully achieved. This probability
is by default higher than or equal to the respective mean annual failure probability.
The mean annual failure ratio is useful only if several hydrological scenarios are
simulated (terminating simulation).

4+ column (Failed time steps): Represents the number of failed time steps, i.e. the
number of months during which the desirable value of the target is not fully achieved.

5t column (Mean annual deficit): Represents the mean annual deficit, i.e. the
mean deviation from the annual target value throughout the term of the simulation.

6 column (Max. annual deficit): Represents the maximum annual deficit, by
comparing for each simulated year the mean deviation from the respective annual
target value for all hydrological scenarios.
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7.2

7.3

Time distribution of failure probability

Unlike the total failure form, forecasting the time distribution of failure probability
provides the user with the possibility to identify the timeframe of a possible deficiency
of the system. The target failure probability forecast form is called from
HYDRONOMEAS Main Form menu by selecting Results/Failure Curves.

The form gives in the form of graph the failure probability forecast for each month of
the simulation period and each target set by the user.The failure probability is
empirically calculated as the percentage of hydrological scenarios for which the
requested target value has not been obtained. At the lower right part of the form, the
user selects a target from the drop-down menu (Target), and through the scroll bar,
the user can limit the time period of the chart (Chart period).

7 Failure distribution for, target: Meéyioro amaBepa MapaBawva
Failure distribution l

Failed time stepsz: 17414400

Chart period: |72 steps
L _I»]

Target Failure Distribution

Show values

Failure probability [%a]

0404 0504 1204 0405 0805 1205 0405 0506 1206 0H07 0307 1207 0405 0305 1208 0409 0303 1209
Months

Balances

The form of balances is divided in four sheets and in the relevant four balance tables:

S The reservoir water balance (Reservoirs) summarizes all the inflows and
outflows of reservoirs.

2 The node water balance (Nodes) summarizes all the inflows and outflows of
aqueduct and river nodes.

2 The aqueduct and river water balance (Conduits).

2 The energy balance (Energy) refers to energy consumption and production
when water is carried from the springs to the water use areas.

The balance form appears on screen after performing a complete simulation, by
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selecting Results/Balance from the menu of the Main Form. Balances refer to the
averages of time steps (months) during the simulation with the most recent operating
rule.

For all balance results, on the right part of the form, the balance results monitoring

tools are displayed:
EBX]

From D ate

| lovoudpiog 2005 <=

ToDate
| AldyougTog 2005

R ezults for the peniod
142005 to 8/2005 (3
monthz]. bazed on the last
gimulation. Last zimulation
penod: 1./1/2005 -
A1A242005.

All values reprezent the
manthly mean and standard
deviation walue [in
bracketz].

All values except for the
level are expreszed in bim3.
The level is experzzed in m.

52 Copy

<= Print

With the first two options (From Date, To Date), the user can set the timeframe to
which the results of balances refer. To calculate/update a balance, the user must
click Calculate. To the extent that, during simulation, multiple hydrological scenarios
with long synthetic time series have been used, calculation of the new values of the
balance might take a few more seconds.

The Information field includes information about balance data, such as the
timeframe of results shown in the balance table and measuring units for relevant
figures.

Clicking the Copy button you can copy the table to the clipboard in order to use the
data in another Windows-based application, such as Microsoft Excel.

By clicking the Print button, you can send the form to a printer.
Finally, by double clicking with the mouse on a single value of the balance sheet, a
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7.3.1

time series form is shown.

Reservoir balance

The 1st sheet of the balance form includes the water balance of each reservoir. All
values, other than the value of level, are mentioned in cubic meters and are mean
monthly values, while standard deviations are provided in parenthesis. More
particularly, the table shows in the first line the hydrosystem's reservoirs, and the
following lines list the following data:

Inflows

=

O 00V ovo

Subcatchment runoff: Inflow to the reservoir from its watershed.
Rainfall: Rainfall on the reservoir’s surface.

Aqueduct inflow: Total inflows from upstream aqueducts.

River inflow: Total inflows from upstream rivers.

Aquifer inflow: Total inflows from boreholes.

External inflow: Total inflows from other sources.

Returned water: Total quantity of water returned to the hydrosystem through
the reservoir after a use to meet water consumption targets.

Outflows (on grey background)

O

O 0000000

Leakage: Underground leaks.

Evaporation: Surface evaporation.

Aqueduct outflow: Outflows to downstream aqueducts.

River outflow: Outflows to downstream rivers.

Water supply: Consumption of water for water supply purposes.
Irrigation: Consumption of water for irrigation purposes.

Spill: Spills from the reservoir.

System loss: Outflow from the hydrosystem

Storage usage: The balance is closed by the (positive or negative) difference
of volume between the beginning and the end of the simulation.
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?-'--" Balance sheets

Reservoirs |N0des| Conduitsl Energj,ll

Subcachment runoff

Rainfall

Aqueduct inflav

River inflow

Aquifer inflaw

External inflow

Returrmed water

Leakage

Ewaporation

Aqueduct autflow

River autflow

W ater supply

Irrigation

Sl

Systemn lozs

Storage ugage

Werification

ean level [m]

tean starage [hm3)

T ilikn

0.34(0.78)

8.03 (4.86)

11.74 [7.24]

-2E7 (15.07]
000

57.23(217]
162,69 (31.00)

Mapvog |

Evnvaog

MapaBirvag

TOTAL

9,61 (9.05) 13,11 (12.95) 1.42[1.69) 40.41

0,68 (0.51) 017 (013 011 (0.14) 1.80

11.71 (12.29) 7.37(3.34) 19.08

0.00

0.00

0.00

0.00

8.03

0.00

24,33 (B.E7) 11.71 (12.29) 9,03 [4.28) 56.81

2,65 [0.08) 265

0.00

0.00

0.00

0.00

234 (18.06] -1.08 [4.22) 012 (2.05) .21

000 000 0.00 -0.00
400.22 [3.56) 471,66 [2.41) 218.23(1.47)
267.04 [34.45) 47.20 (4.55) 29,69 (2.94]

=10 x]

From Date

I lovoudpog 2004 :‘

To Date

AexéuPpoc 2005 =

Results for the period
142004 to 12/2005 (24
months), bazed on the last
simulation. Last simulation
\|period: 1/1/2004 -
312420085

Al values represent the
monthly rmean and standard
deviation value (in
brackets).

All values except for the

level are expressed in hm3.
The level iz experszed in m.

5 Copy |

it Prinat

The lower part of the balance table provides the mean storage and the mean level of
reservoirs (in meters) during the simulation.

7.3.2 Node Balance

The second sheet provides the water balance of network’s nodes divided in two
categories: a) river nodes and b) aqueduct junctions. All values are mentioned in
cubic meters and are mean monthly values, while standard deviations are provided
in parenthesis. In particular, the first column of the table includes the nodes of the
hydrosystem's model. The following columns list the inflows and outflows of the

nodes as follows:

Inflows

< Aqueduct inflow: Total inflows from upstream aqueducts.

O 00 0

River inflow: Total inflows from upstream rivers.
Aquifer inflow: Total inflows from boreholes.
External inflow: Total inflows from other sources.

the reservoir after a use to meet water consumption targets.

Outflows (on grey background)

2 Aqueduct outflow: Total outflows to downstream aqueducts.
< River outflow: Total outflows to downstream rivers.

Returned water: Total quantity of water returned to the hydrosystem through

S Water supply: Total consumption of water for irrigation purposes.

< lIrrigation: Total consumption of water for supply purposes.
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7.3.3

o System loss: Losses from the system.

Reservoirs  Modes I Conduitsl Energ_l,ll

Fitedi

Mepiothg KiBopcra

ABRva

AigTopo

EKE kv

FoonoiGio

Boouikd-Nopdpt

Mapog Pryyoviou

TOTAL

Agqueduct inflaw | River inflaw

26.98 [4.01)
34.33(3.67)
24.79 (6.1
24,33 [6.E7)
2.92(5.04)

123.34

|Aquifer inflatw |External inflaw |Heturned water |Aqueduct outflowlﬁiver atflaw

063 (0.50) 10.61 [5.54]

26.98(4.01)

24.79(6.61)

2433 [B.67)

046 (0.72) 0.46 (0.72)

2,65 (0.08)

2.65 1.09 0.00 0.00 g7.18 0.00

=10l ]

From D ate

I lovoudplog 2004 j‘

Ta Date

| dexdpPpioe 2005~

lHesuIts far the period
1/2004 to 1242005 [24
maonths), based on the last
simulation. Last simulation
| period: 1/1/2004 -
3220058,

All values reprezent the
monthly mean and standard

deviation value [in
brackets).

All values are expressed in
hrn3.

5 Copy |
o= Print |

Aqueduct and river balance

The third sheet shows the water balance of each river and aqueduct of the network,
including water conduits through pumping (pump stations) or hydroelectric power
generation (turbines). All values are mentioned in cubic meters and are mean
monthly values, while standard deviations are provided in parenthesis.

The table shows in the first column the conduits of the hydrosystem's model, and the
following columns list the following data:

< Inflow: Total inflows from upstream aqueduct or river.

Outflow: Total outflows to downstream aqueduct or river.

=)
2 Leakage/Infiltration: Leakage (of the aqueduct) or infiltrations (of the river).
)

Discharge capacity: The final column provides, in the case of aqueducts, the

mean monthly discharge capacity in cmg.
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=k

Feservoirs | Modes  Conduits | Energy |
Irflo Dutflow |Leakage.-’| nifiltration I |Discharge capacity | From Date

YEpary. Kokoodizm 7.37(3.39) 0.31[0.14) 1367 | lvoudmos 2004 =4
Efpoyyo Eufwou-topyou 11.71 12.29) 11.7112.29) 51.10
TRaoyya kiBapve 25,82 [2.59) 25,30 (2.53) 0.52 [0.05) 27.59 ToDate
Trpayya Mnoyiaion 5,03 (4.28) 9.03(4.28) 17.08 [ hexéupoos 2005 =
Avpuye BBy 24.79 (6.61) 24.05(6.41) 0.7410.20) 47.30
¥Bp. Asipon 24.33 (6.67) 24.33(6.67) 47.30
ApBeuTikg 292 (5.04] 2.92(5.04] 26.28
EvwoTikd uBpayoysio 116 (2.21) 116 (2.21] 11.04
Evoomied dugtopau 0.46 (0.72] 0.46(0.72) 26,28 ?fzsggi {gr1t2?2%eur!i50[d24
VEpery. Yilkne 8.82 (7.03) 8.82 (7.03] 19,71 months), based on the last
AwdoTpopo 293(2.77) 2.93(2.77) 6.04 simulation. Last simulation
Erpayya Muvag 24.33 [6.67] 24.33 [6.67] 4730 [perod 112004 -
Motapde Ednvos 2E5(0.08) 2.65(0.08] Unlimited
TOTAL 14564 14507 157 0.00 allyaluesienieseniitie

manthly mean and standard
deviation value [in
brackets).

Al values are expressed in
hm3.

52 Copy |

o Print

7.3.4 Energy balance

The forth and last sheet of the form analyzes energy production and consumption
during hysdrosystem operation. More particularly, the table is divided in three parts:
a) Turbines, b) Pumps and c) Boreholes/Borehole groups. The last two
categories are energy consumers, while the first category is related to energy
production. All values are mean monthly values, while standard deviations are
provided in parenthesis.

The table shows in the first column the hydrosystem's energy units, and the following
columns list the following data:

< Specific energy: Specific energy in kWh/m3 for boreholes and in GWh/hm#
for turbines and pump stations.

2 Discharge: Water discharge from the unit in cmé.
< Energy consumption: Energy consumption in GWh.
< Energy production: Hydroelectric energy production in GWh.

Sub totals and Totals are provided both for the production and for the consumption
of energy.
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~oix
Heservoirsl Nodesl Conduits  Energy |
Specific energy Dizcharge IEnerg_l,J consumption IEnerg_l,l production | From D ate

TURBIMES I lovoudpos 2004 ﬁ

Efpayyo MRdvog 0.10(0.00) 2433 [B.E7] 9.75 [2.68)

SUE TOTAL 2433 375 lzlUei
[ Aexéppooc 2005 =

PUMPING STATIOMS

Y Epoy. Yilikng 0,30 (0.00) 8.82 [7.03) 0.33(0.25)

AydaTpopo 0,30 [0.00) 293(277) 0.09(0.08)

SUB TOTAL 11.75 04
142004 to 1242005 (24
monthz], bazed on the last

BOREHOLE GROUPS simulation. Last simulation

lMzwTpAoss MoupooouPdnos 1.53(0.00) 0.63 [0.50) 0.96 [0.77) 513::102};510;2004 2

ewTpfosig Méoou Pou 0,23 (0.00) 0.46(0.72) 011 (0.17) '

SB TOTAL 1.08 1.07 Al values reprezent the
monthly mean and standard
deviation walug [in

TOTAL krak 1.48 975 brackets).

Units: Specific energy in
kqhim3 or GWwhihmd,
Dizcharge in km3, Eneray in
Giwh
=2 Copy |
ot Prinit |
7.4  Prediction of reservoir stock and level

From the menu of the Main Form, if you select Results/Storage Prediction, the
form of reservoir storage equiprobable curves appears, which provides the estimated
level and storage of hysdrosystem’s reservoirs in terms of time, in relation to a
probability of excess (of level or storage). In particular, five equiprobable level or
storage curves are presented, which correspond to excess probabilities of 5%, 20%,
50%, 80% and 95%. .
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¥ Equal-probability curves QE|@

Equal-probability storage curves reservoir: Mopvog
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Month
| Lewvel B volurne | Show Yalues Forecast period |72 months LJ _L>_| ﬂ
Note: For the calculation of equiprobable curves, the results from all

hydrological scenarios simulated are analyzed. In case where only one
hydrological scenario has been simulated, there is no difference between
curves which are identical. The number of simulation hydrological
scenarios is determined in the Options Form.

On the lower part of the form, the user can show the relevant equiprobable curves
using the Level and Volume commands. Clicking the < and > buttons, the user can
jump to the previous and the next reservoir. On the lower right part of the form, using
the scroll bar, the user can limit the timeframe (Forecast period) of the graph, and
using the Show values command, the user can show in the graph the level values
(in m) or the storage values (in hm?3). By clicking the print button, the user can send
the form to the default printer.
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