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1. Introduction

ALL_WATER gw is a tool designed to optimize the management of groundwateplenaing
area. It is developed by Dr. Issam NOUIRI with the support tdcanical cooperation project
between the Federal Institute for Geosciences and Natural BesdBGR) and the Arab Center
for the Studies of Arid Zones and Dry Lands (ACSAD). It can beigsigd directly from the
author (inouiri@yahoo.jr or downloaded from the ACSAD-BGR project web sites
(http://www.acsad-bgr.org) and is free of charge. This first pul@rsion can be considered as a
starting point of a long term work projected by the developer. Stasky application reports and
comments, about the software or its user guide, are welcome to improve this dontribut

ALL_WATER gw considers four objectives in the problem formulation: i) the demand
satisfaction, ii) the minimization of the maximal drawdown in aguivater table, iii) the
minimization of the unit cost of water supply, over a planning period\grttie quality (salinity)
satisfaction. Wells maximal pumping rate and drawdowns as wellpes transfer capacities are
also taken in consideration in the proposed problem formulation, as hgdauistraints.
Appendix 3 presents more details about the optimization problem formulation.

To re-constitute the hydraulic system from WEAP, MODFLOW #rel linkage shape file, the
proposed tool performs three steps, before the start of the groundweatagement optimization.

In the first step ALL_WATER_gw reads the variable values of all the demand sites, the water
sources and the transmission links from the WEAP Area. The seamdssb read the linkage
between demand sites and the active well cells from the lindtaaee file. The third step allows
the reading of the main characteristics of the MODFLOW mddetses steps are grouped in the
first screen oALL_WATER_gw.

After the preparation of the required data and the definition aftijextives and their weights, the
constraints, the genetic algorithm parameters and the pararoétées convergence criteria, the
ALL_WATER gw tool uses a Multi-Objective Genetic Algorithm (MOGA) to optithe
management of the groundwater.

As output, ALL_WATER gw displays statistics of the optimal solutions determined and the
performances of each simulated optimal solution and createdilesvrequired by WEAP to
simulate the optimized scenario.

The details of each of the cited steps are described in the present user guid
2. Software compatibility and installation

2.1 Compatibility

ALL_WATER_gw is programmed by the VB6 programming language. It can balletston any
personal computer (PC) providing the operation system Windows XP, Windasta or
Windows 7. The installation package contains all the required componéetprdsent version of
ALL_WATER_gw is compatible with the WEAP version 3.0004 or later, capable to produce a
aggregated MODFLOW model for each of the studied scenarios.

The present version ALL_WATER _gw supports MODFLOW 2000, also used by WEAP. In
some steps of thdLL_WATER gw run, MS Excel is used. Excel versions up to 2010 are
successfully tested. Please be sure that this softwarestalléd on your PC. When using
ALL_WATER_gw it is recommended to save and close Excel applications td®§aweemory and

to overcome conflicts.

The ALL_WATER_gw user interface is optimized for a screen resolution of 1280 x 8@spkor
screen resolutions lower than 1024 x 768 pixels, it is not possibleplayditie entire interface of
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ALL_WATER_gw. To overcome such probletALL_WATER_gw interfaces are designed to be
adjusted by user depending on the PC screen size and resolution.

2.2 Installation

To start the installation oALL_WATER_gw, the user has to execute the installation package,
named Setup.exe’

The installation step will optionally create shortcuts to thenso# in the Windows Start Menu,
the task bar and on the desktop. In addition, it creates an installailder fcalled:
“ALL_WATER” under the default path: (e.gC*\Program Files’), which can be changed by the
user.

In the “ALL_WATER?” folder, it will be copied the executable pragr ALL_WATER_gw.eXe
the required files for the dynamic graph displaying (RMChart.o84CRart.dll and RMChart.oca)
and the VB6 library (VB6.dIl). These files are also copied in the “system32’rfmidiee Windows
directory (c:\windows\system32) when using Windows XP or WindowstaViand in the
“SysWOW64” folder in the Windows directory (c:\windows\SysWOWG64) when usingddivs 7.
These files are automatically registered when instatlimgsoftware. If the windows error “Run-
time error 339” is displayed when startiAgL._ WATER _gw, the (*.ocx) and (*.dll) files have to
be registered by user using the command prompt window. One fufllinging commands has to
be executed with administration rights:

- When using Windows XP or Windows Vista: “regsvr32 c:\windows\system32\rmmityert
- When using Windows 7: “regsvr32 c:\windows\SysWOW64\rmchart.ocx”.

A PDF copy of the user guide (ALL_WATER_gw user guide.pdf) isoataved in the
ALL_WATER_gw installation folder. A shortcut to this file is displayed in théndows Start
Menu under the application shortcut.

The files of two WEAP Areas (Opt 2010 12 TestO1l WEAP_3 wells.zip and
Opt_test 03 MF_2wells-IN.zip) will be copied in the installation fololeALL WATER_gw.

The first example is a simple case without MODFLOW model. Sdeond one is an example with
MODFLOW model. User can use theses examples to perform the first opiimiapplications.

In addition, a shortcut of the “Uninstall” package will be dispthye the Windows Start Menu,
allowing uninstall the software if needed.

Note: If a previous version oALL_WATER_gw software is installed in the PC, user has to
uninstall it before installing the new version.

3. Requirements for the WEAP Areas

In order to us@ALL_WATER_gw for groundwater management optimization, in the framework of
WEAP_MODFLOW DSS, it is needed to respect next requirements:

3.1. Minimum numbers of Water Sources, Demand Sites and
Transmission links
The ALL_WATER gw tool needs at least two Water Sources and one Demand S \WMEAP

Area to perform an optimization run. In addition, one of the Demared &ds to be supplied at
least by two Water Sources through two Transmission links.
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3.2. Data requirements

Water demands have to be filled in by user for all Demand.Sltee two option allowed by
WEAP can be used:

» Specify yearly demand and monthly variation,
» Specify monthly demand.

While ALL_WATER gw tool is capable to generate default values for Water Sources and
Transmission links to perform optimization runs, it is highly reconaed to fill in all the data in

the WEAP Area. In particular, user has to fill in the variafaXimum Flow Volume” of each of

the Transmission links with realistic values in order to restrict theledilen time.

To perform optimization considering the cost reduction objectivetifum, it is required to fill in
the Cost variables of the Water Sources and/or the Transmission links. dnlparthe variables:
» Capital Costs,
» Variable Operating Costs,
* Fixed Operating Costs.

To optimize the groundwater management considering the quaigjaston objective function,
user has to add a new quality variable using the “General/\Qaigity Constituents” menu. The
new variable has to be called “Salinity”. Three quality vadahtill be created by WEAP for each
of the Demand Sites: “Salinity Inflow”, “Salinity Intensity’hd “Salinity Concentration”. Real
values of the “Salinity Inflow” have to be filled in for demand sites.damh of the Water Sources,
a new variable called “Salinity Concentration” will be alscated by WEAP. User has to fill in
the values to perform quality satisfaction optimization.

3.3. Units requirements

ALL_WATER_gw computes objective functions using variables of Water Sources, Degitasd
and Transmission links. Thus, it is required to use the same unitsafer volumes (ex. W for
costs (ex. $) and for salinity (ex. g/l).

3.4. Update of WEAP results

After each input data modification in the WEAP Area, a new WHEAPIs required to get updated
inputs forALL_WATER gw. A simple click on the result view icon of WEAP can perforns thi
step before starting data acquisitionAdy. WATER_gw.

4. Presentation of the * ALL WATER_gw” software

4.1. General presentation of the user interface

The ALL_WATER gw Graphical User Interface (GUI) is formed by three maieets. The first
one is reserved to read in the hydraulic system from WEAZ,Arom the linkage shape file and
the MODFLOW model. The second screen allows the user to choose itinézatdn objectives
and constraints, to fix the genetic algorithm parameters, fgnasgeights to the objectives, to
choose the parameters of the convergence criteria and thewptimization. The optimization
progress is also displayed in this screen with a PARETO fronthenfiburth objectives functions
evolution. The third screen is designed to display statistics ddwald optimal solutions and to
propose three characteristic ones. This screen allows théousealuate specific optimal solution
and to save solutions.

When ALL_WATER gw is started, a welcome screen is displayed to provide informabiout a
the tool.
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04-17-2011 16:12 Welcome for using the free ...

ALL_WATER_gw

Version: 1.1.1

START for Windows XP, Vista and Seven

Copyright : Dr. Issam NOUIRI
inouiri@yahoo fr

Tobeusedwith: VWEAP  wersion3.0004 or later

This tool is supported by the BGR - ACSAD cooperation project

Figure 1: The welcome screen alLL_ WATER_gw software.

The “START” button allows the user to access to the firstescd the GUI, as presented in the
figure below:

=) ALL WATER gw - WEAP and MODFLOW Inputs.
SRl ¢ i

-Options and Inputs
~1. WEAP Area - - Settings ————

| 0pt_test_03_MF_2wellsAN

Name: o o
‘C:'\Users"uSsam\DDcumentS\WEAP Areash b A

Fath:

2. Read in WEAP Area-
Data of the WEAP Arez are read.
Read
3. MODFLOW Model and Linkage -
+ With MODFLOW Model

MName and Path of the Linkage Shape File (*.dbf) . | Read
|C:\,Users\;issam\DDcuments\WEAP AreasiDpt_test 03 MF_2wells-lMishapefilesilinkage. dif |

MName and Path of the MODFLOW Name File (. min. * narm] o
Fest_DS |C'\Users'\|ssam\DDcuments'\WEAPAreas\,Opt test 03 MF 2wvells-INWWODFLOYWY, |

~ Without MODELOW Model ‘ Data of the MODFLOW model are read. |

~4._Display Options

Study Area File ‘ Linkage Shape File Dptimization Screen ]

~Inputs Summary -

“WEAP Area ~MODFLOYY Model
Number of Water Sources : Number of Layers :
Mumber of Demand Sites :|I| MNumber of Rows :|I|
Number of Transmission Links : Number of Columns :lII
Simulation Period (years): Number of Active Cells 360
WEAP Time Unit: Number of Stress Periods
Eurrent - SCI_Enﬂ{i(D Ecn;n\ﬁriu MODFLOW Time Unit :
ccount tarting Year nd Year
| 2033 | | 5003 | Length Unit :
Wime Step pesy ser II Number of Active Wells :lII

Figure 2: Graphical User Interface éfLL_WATER_gw for data inputs.
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When the input data step is completed, the optimization screen chsplayed using the bottom
“Optimization Screen”, as presented in the next figure:

=5 ALL_WATER gw - Optimization - Area: Opf_2010_12_Test01 WEAP_ 3 wells

5. Objectives and Constraints - 1 PARETO FRONT
-0bj —Ci 0.185
¥ Demand Satisfaction ¥ Link Maximal Capacity 0.159 &
L : - = 0.132
¥ CostReduction [ £ 0.106 - N lE 12 =
¥ Quality Satistaction [~ we 2 0.079 -
z 0053
. . i 026
6. Genetic Algorithm Parameters 0.3 :
0.000
Maximal Numb f 2 3 .03, 24 1072 .083 1093
laximal |t::"mii:|l; : m = Mutation Probability : = 0.000 0.010 0.021 0031 0.041 0.052 0.06: 00 0.083 0.093
Population Size - BO| |  Percentage of Elitism - 0| X Fitness 1: Demand satisfaction
Atohiva Seasite: 100, (5] Ggtnication SinA ¥ear [T57005 Objective Functions | Wells Performances | -l
Demand Satisfaction | Drawdown Minimisation
-~ 7.0ptimization - 08
= o ) 07s 0.0000
~ Objectives Weights SEET 0.0000
ase 0.0000
Demand Satisfaction : —— —— Drawdown Minimization : —— — = 1 N
Cost Reduction - — — Water Quality : — F— N | o
- am —5 asec0
for \

025 N + |o.0000
MaximeiDi . PR 017 2.0000
aximal Discrepancy = Start Optimization o s
Allowed Number of lteration without (7 o 2.0000
Improvemen j' o vl I A vl
Stop Optimization
Minimal Accepteble Improvement:|& p Up R | Gusiity SabisFaction

= o e 028
Number of lterations | Number of optimal Solutions e
i {12 e
Canvergence criteria - Execution Time (h:m:s} 0:0:37 a7 Tje
| i e
= S 0.2 Hoas
he abstractions optimization is done. o 0.1
0.7 o.
0.5 0.1
0.2
Overview ‘ WEAP and MODFLOW Inputs | Exit ‘ i |

A Minimsl A Minimsl

Figure 3: Optimization Interface oALL_WATER_gw.

The third screen oALL_WATER gw is an “Overview” of the obtained results, presented in the
next figure:

[ AL waTER aw -0

“Note-
WITHOUT MODFLOW MODEL
- Objectives Weights Constraints/Options
| Demand Satisfaction 05 Link Maximal Capacity |
Drawdown Minimisation ]
Cost Reduction 05
Quality Satisfaction 05
- Statistics of the Optimal Solutions
Optimal 5oluti Demand 5 atisfacti D Cost Reducti Quali »
1 0.022 0 0119 B
2 0.034 0 0.115
3 0.046 0 0112
= 4 0.049 0 0111 4]
4 (3
~Solution & Priority Relationship
 Solution 1 - Demand Satisfaction
F2 : Cost
Reduction
and Quality - 2 = . :
S fdlachon Solution B : Weighted Solution
Priority
s - : Cost Reduction and
; Solution 10 Quality Satisfaction

F1 : Demand Satisfaction Priority

8. Evaluation of the optimal solutions

Summany of Solution

Evaluate Specific Solution ‘ 1 Save Solution I

Dernand Dirawweciawn Cost Clyality Awerage Unit Cost of
Satisfaction tinimization  Feduction Satisfaction ‘Water {(L/m3)

‘ 0.022 H 0 H 0.119 || 0.138 | | 0119 |

Figure 4: Overview Interface oALL_WATER_gw.
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Next paragraphs explain the steps from the data preparation to the resultsndjspldegtail.

4.2. Data reading and input file preparation

To guide the user of theLL_WATER_gw software, the main steps where the user has to interact
with the tool are numbered from 1 to 8. Each of them is exposed next.

4.2.1. STEP 1: Selection of the WEAP Area

The first step in usingLL_WATER_gw is to specify the name of the WEAP Area that has to be
optimized for water management. In the present version dilthe WATER_gw, it is considered
that each WEAP Area is saved in a folder with the same namé@eaarea. When starting,
ALL_WATER_gw proposes a help by loading all the WEAP Area names to the user interface:

I . . -
ALL_WATER _ Eﬂ

The names of all WEAP Areas saved on your computer will be load.

Cancel

Figure 5: Dialog box asking to load the names of all WEAP Areas.

If the user chooses this optiokl,.L_ WATER_gw performs this option. The WEAP software has to
be started before. The user can then choose a WEAP Area frstmpadvided by the combo box,
as depicted in the following figure.

ﬁ;gu_wmm _gw - WEAP a
I - Options and Inputs

: Settings
| 1. WEAP Area it 2010 12 Testd] WEAP 3 welld -
Opt_ 2010 12 TestD1_WEAP_3 wells Save Load
Path{CpL2010_12_Test01_WEAP_3_wellsIN

Opt_ 2010 12_Test0l_WEAP_3 wells-INZ
Opt 2010 12 Test02 WEAP Tutarial

2. Read in WEA Dot 201012 Testl2 WEAR TutariakiN
) Tutarial
|ZEUSS_KOUTINE_ 20154 I

Areas are loaded.

Figure 6: List of WEAP Area names loaded in the user interface.

If the automatic loading option of the WEAP Areas names is noeohimg the user, a dialog box
invites the user to browse for the folder of the desired WEAP Area:

.

| Select the Folder of the WEAP Area.

»

EE Desktop
I |z Libraries

[+ & iszam

m

- 1M Computer
Ghﬁ Metwork
1 Drop BoxIllineis
.. GeoTiff
L images tiff
Photos 1S540

| Make New Falder | [ oK ] | Cancel I

Figure 7: Dialog box asking to browse over the PC and to select the folder of the WEAP Area.
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If the user doesn’t accept also this option, by clicking on the “Cancel” button ofeieys dialog
box, ALL_WATER_gw informs the user that it is not possible to continue if the pathhtendame
of the WEAP Area are not chosen. Thus, the user has to type iaqhieed fields: the WEAP
Area name and its path.

L& 5 el

f i ! It is not possible to continu if the path and the name of the specific
' WEAP Area are not chosen.

Figure 8: Dialog box asking the user to provide the required information.
If the tool is used the first time, the user has to select the WEAP Area by dweetwbtoptions.

Note: If WEAP hasn’t be started in the background automatically, it is requio start WEAP
before the next step. The WEAP results have to be up-to-date. Yduechrtlis by changing to
the “Results” view within WEAP.

4.2.2. STEP 2: Read in a WEAP Area

After the selection of the name of the WEAP Area in theblist of the step 1, and by clicking on
the command button name&éad in WEAP Aréa ALL_WATER gw will perform necessary
verifications to ensure runs without bugs.

First, ALL_WATER_gw activates the selected area and verifies the version afistedled WEAP
application. When the WEAP version 3.0004 (or later) is used, WATER_gw reads the names
of all the WEAP Areas saved on the user PC, their respectieetaties and the WEAP default
path. The default path is displayed in the “Options and Inputs” pdneaifiger interface. A dialog
box invites the user to confirm or to change the path:

Please corfirm or change the path for the "WEAP Areas.

Cancel

Figure 9: Message box for path confirmation.

Secondly, if the optimization input files, created by ALL_WATER,, g¢xist already, a message
box will ask if the user want to create new files for the selected area:

. _—
ALL_WATER _ M

Figure 10: Read in WEAP Area - Confirmation.
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If the user wants to use optimization files prepared by forhér WATER gw runs, he should
select “No”,

The present version dALL_WATER _gw requires a scenario named “Reference” in the WEAP
Area. This scenario is used to read variable values of the WiE&fthes. The user has also to
introduce, by dialog box, the starting year of the optimizatiorst Biear of the period to be
optimized, as presented in next figure:

[ =
e o S
Pleaze enter the starting pear of the optimization
between 2001 and 2005

Cancel

oo

Figure 11: Read in WEAP Area — Starting year of the optimization.

ALL_WATER_gw creates a folder named “OPTIMIZATION?, if it doesn’t aldgaexists, within
the study area folder. This folder is used to save all éiteated before the optimization. At this
moment,ALL_WATER _gw starts reading all variables in the WEAP Area brancNee files
will be created: Four text files and five Excel files, as listed in the figaxie:

<« WEAP Areas » Opt 2010 12 Test0l WEAP 3 wells » OPTIMIZATION

Organize v Include in library = Share with + Burn MNew folder =+ O @-

e
~ Favorites =, MName Date modified Type Size
2
] AnnualActivityl evel 4/17/2011 8:27 AM - Microsoft Excel 97-2003 Worksheet 8 KB

= Libraries B AnnualWaterUseRate 4/17/2011
B ConsumptionRate 4

Vorksheet B KB

m

E, Documents Microsoft Excel 97-2003 Worksheet 9 KB

ﬂr Music | Database WEAP : 011 §:27 AM Text Document 1KB
|| Pictures B DemandMonthlyVariation 4/17/2011 8:27 AM  Microsoft Excel 97-2003 Worksheet 10 KB
E Videos - = Input_DemandeSites WEAP  4/17/2011 8:27 AM Text Document 3KB
. Input_Links_WEAP 4/ Text Document 7 KB

1M Computer -,; Inp-ut_WaterSDurces_WEAP 4/ v Text Document 6KE|

£, THOS927WOF (C:) &) wEAP_DATA 41772011 8:27 AM Microsoft Excel 97-2003 Worksheet 10KB

J 9 items

Figure 12: Output files created bALL_WATER_gw in step 2.

The “WEAP_DATA.xIs” file contains the branches and the variablethefstudy area read from
WEAP. The files “AnnualActivityLevel.xls”, “‘DemandMonthlyVariah.xIs”,
“AnnualWaterUseRate.xls” and “ConsumptionRate.xIs” summarize dhsunption properties of
the demand site nodes of the WEAP schematic. The information préfimus files is taken from
WEAP, without modification. If the water demand is defined within VIPHgy “Specify monthly
demand” method, theses files will be also created and will contain the dathuoed by user.

The text files created in the present step describe the demaitds
(Input_DemandSites_ WEAP.txt), the water sources (Input_WaterSourcédP¥WE and the
linkage between sources and demand sites (Input_Links WEAP.txt). Tilee
“Database_WEAP.txt” summarizes the numbers of demand sites; 8@itrces and transmission
links, the time parameters (length of the study period, initialsgmteand last time steps, the
number of time steps and the time unit) and the ID of the WEAP reference scenari

-10-
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A list of all the created files is presented in appendix 1.rTfbeinats are described and examples
are presented in the appendix 2.

When ALL_WATER _gw is running a red text message is always displayed, descriliiagthe
software is doing. The mouse pointer will be changed to the waitipgaaance. If this step has
succeeded, the messagPata of the study area are reas shown and the mouse pointer returns
to the default appearance.

At the end of this steALL_WATER_gw asks the user, by message box, to edit or not the created
demand sites file “Input_DemandSites WEAP.txt":

. 3 ) 3 B
awvers oo S ==

The dermnand sites file have to be edited before the step 3. Do you want to edit it
now 7

Figure 13: Message box asking to edit or not the demand sites input file.

Indeed, when demand sites have not to be considered by the optimizasgrgssible to assign
that toALL_WATER_gw by the value of a demand site parameter called “Choicepremented
in the next figure:

le=le

|| Input DemandeSites WEAP - Noteps
| File Edit Format View Help

|# Demand sites Tile created by ALL_WATER_gw after reading the WEAP Area (4/10/2011). . |
Demand Site Name =Big City

i OPTIMIZED
ChoiceD 4291700
4868733
5445766

6022800
6390866
6776933
7154000
6724433
6294866
5865300
5340766
4816233
artificial rech
NOT_OPTIMIZED

Wwviuiuiuviuviuviuiuaui L
e

rge

000000000000 RHEHEHREEERERREEEERER

O00000000000
b b e ek et s e e e e

~

m | b

Figure 14: Demand sites input file created AiL_WATER_gw.

The default values of the “ChoiceD” parameter are “OPTIMIZE®hen the water demand is
positive, and “NOT_OPTIMIZED”, when the water demand is equad.ZEhe user has to modify

the default proposed values according to the optimization objectivesoption allows the user

flexibility to optimize the groundwater management while considespecific demand sites. It is

also useful when demand sites are used to simulate natuedl #eahand, as evaporation and
recharge, and have not to be optimized.

-11-



ALL_WATER_gw Dr. Issam NOUIRI

4.2.3. STEP 3: Read in the linkage shape file and t
editing the ALL_WATER_gw well file

There are two options in this step:

If there is no MODFLOW model, the user has to activate the ogidithout MODFLOW
Model”. In this case only transmission link flows can be considered and optiffitaecaction will
create four new files for demand sites, water sources andmismign links, with the suffix
“* _Opt”. This option is the default one when the WEAP Area is read in. Four newdileemand
sites, water sources and transmission links will be createal tlas first option. Next figure shows
the names of the files created by ALL_ WATER_gw up to here:

he MODFLOW model and

e Cpt 01012 T WERR el DRUNBARTION. =1 21

Organize * Include in library » Share with Burn New folder o | @.l 1

:l r Favorites MName Date modified Type I
@_] AnnualActivityLevel 4/10/2011 2:40 PM Microsoft Excel & BKB
= Libraries &) AnnualWaterlseRate 4/10/. 2:40 PM EKB
l Documents = ConsumptionRate I 9KB
;' Music || Database_Opt 1KB
=] Pictures || Database WEAP Text Document 1KB
B videos &) DemandMenthlyVariation Microsoft Excel 37-2003 Worksheet 10 KB
|| Input_DernandeSites_Opt Text Do 3KB
18 Computer | Input_DemandeSites_WEAP Text Document KB

£, TOS92TWOF (C)
(—a IMATION HDD (E:)

-

€l Network

| Input_Links_Opt

=] Input_Links_WEAP

|| Input_WaterSources_Opt
| Input_WaterSources_WEAP

B WEAP_DATA

4/10/2011 2:40 PM

Text Do
Text Do
Text Doc
Text Doc

ent

ent

Microsoft Excel 37-2003 Worksheet

6 KB
10 KB

13 items

Figure 15: Output files created bALL_WATER_gw up to the end of step 3, if there is no
MODFLOW model.

If there is a MODFLOW model linked to the WEAP Area, the Uy to activate first the option
“With MODFLOW Model”. In this case, the abstractions atreaell can be optimized. In the
second step, the names and the paths of the linkage shape file (*.dbf)ta@dMODFLOW name
file (*.nam, *.mfn) have to be introduced.

3. MODFLOW Model and Linkage

MName and Path of the Linkage Shape File (*.dbf) :

MName and Path of the MODFLOW MName File (*.mfn, *nam) : Read |

" Without MODFLOW Model ‘ ‘

Read

Figure 16: Reading of the Linkage shape file and the MODFLOW model.

NOTE: In this step, the name file of the original MODFLOW model ¢quired and not one of
those, created by WEAP.

Use the browse buttons (...) to select these fdsd._WATER_gw will fill in the respective
fields. Dialog boxes will be displayed to help user to select files and totfileirequired fields.

The first browse button allows the user to select the linkage $itep€he WEAP Area folder is
displayed as a default.
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Organize = Mew folder = E;l gl
# Eavorites Name : Date modified Type Size
. MODELE_MODFLOW 3/5/2011 403 PM File folder
i Libraries . MODFLOW 3/5/2011 4:04 PM File folder
E] Documents . OPTIMIZATION 47072011 3:03 PM File folder
Jl Music || Agriculture.dif 3/5/2011 4:03 PM DEF File 15KE
|| Pictures || artificial_recharge.dbf 3/5/2011 4:03 PM DEBF File 1KB
B videos || catchment.dbf 3/5/2011 403 PM DBF File 1KB
|| linkage.dbf 7/25/2008 &:51 AM DEF File 148 KB
M Computer || linkage-M.dbf 3/5/2011 4:03 PM DBF File A0 KE
£, THO05927WOF (C:) || RIVER.dbf 3/5/2011 403 PM DEBF File 1KB
—a IMATIOM HDD (E:) || SPRING.dbf 3/5/2011 4:03 PM DBF File 1KE
|| UrbanArea.dbf 3/5/2011°4:03 PM DBE File 1KB
G’E MNetwark || UrbanWellfield.dbf 3/5/2011 4:03 PM DEBF File 1KE
| WEAPArc.dbf 3/5/2011 4:03 PM DEBF File 5KB
|| WEAPNode.dbf 3/5/2011 4:03 PM DBE File 4 KB
File name: ~| [ DBF Files (.dbf) -
[ Open -] [ Cancel ]

Figure 17: Dialog box to browse for the linkage shape file.

Click on the buttons “Read” to start reading separately the linklgpe file and the MODFLOW
model. A red text message displays whatL. WATER_gw is doing. In addition, a status bar
informs about the progress of the linkage shape file reading. f\esvfor demand sites, water
sources, transmission links and summary data, with the suffix “_Opt_ MF” willaget.

A click on the second browse buttons activate the dialog box designbdowse for the

MODFLOW name file and to fill in the respective fields:

MNew folder

Organize «

1 2 Name
[ Favorites

Date modified

Type

| tutorial.mfn

2/9/2068 7:50 AM

MFN File

= Libraries
E Documents
Jl Music =
|| Pictures

B videos

- Computer
£, THose27WOF (G
(—x IMATION HDD (E

- 4

i

| »

File name: tutorial.mfn

- [MODFLOW name Files (.mfn) ~|

[ Oen ||

Cancel

Figure 18: Dialog box to browse for the MODFLOW name file.

As preparation for the optimization stefl.L_WATER_gw creates in this step a text file of the
active well properties, calledsLL_WATER_gw well file. This file should be edited by the user
manually. If this file already exists in the OPTIMIZATNOfolder, a message box asks the user if

he want to create a new one:
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G m— — X

|| TheALL WATER_gw well file already exists. Do you want to create a new one ?

QK | Cancel

Figure 19: Dialog box asking to create td.L._ WATER_gw well file.

TheALL_WATER_gw well file has the following structure:

ALL_WATER gw well file

| Input Wells - Notepad
File Edit Format VYiew Help
# wells file created by ALL_WATER_gw after reading the original mMoDFLOW model (4/10/20113).

fan] »

# tﬁayer RoOW Column Maximal acceptable Abstraction Maximal acceptable drawdown well importance
well_1
1 4 -1 0. 8801439 10 1
well_2
L 3 - 4 U.mJ."DJE pary L
well_3
i 5 8 1.798287 10 X
well_4
E 5 9 1.798287 10 x:

Figure 20: Example of well input file, as automatically createddhy WATER_gw.

For each well present in the MODFLOW well file two lines egserved: The first one contains the
well name (eg. “well_1"). The second line is formed by six columns:

column 1: well layer;
column 2: well row;
column 3: well column;

column 4: maximal pumping rate, with the unit as in the MODFL®@®II file (m*s in the
demonstration example); default: highest value observed over the study peridd weéac

column 5: maximal cell drawdown (m); default value: 10;

column 6: well importance parameter; default value: 1.The impmetaarameter describes the
priority of drawdown minimization at each well. A value of 1 mearghést priority for the
drawdown minimization at the concerning well in comparison to the otblds. The importance
parameter for less important wells takes values greadert. The user has the task to compare the
importance of the optimized wells and to choose an importance parameter for eaafy of the

The user has to modify the maximal pumping rate, the maximalddraw and the importance
parameters for each well, according to the data availabihty lsis experience, before the
optimization step.

If all needed files are read in successfully, the red tesdialys the messageData of the linkage
shape file and the MODFLOW model are réad

Next figure presents the firstLL_WATER_gw screen with the summary of a test study area. For
the demonstration example, there are 2 water sources, 1 demarmrag@iegansmission links. The
simulation period (3 years), the current account year (2000), tharsretarting year (2001) and
the end year (2003) as well as the number of time steps pefl@aare displayed in the “Inputs
Summary” part of the GUI. In addition, the inputs summary of theDHODW model is
presented: For this demonstration example, there are 3 layer, §1lrbwolumns, 360 active cells
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and 48 stress periods. The time unit of the MODFLOW model is “Dayd the length unit is
“Meters”. There are 2 active wells in the MODFLOW model.

The only basic data required By L_WATER_gw to ensure the first four steps are the name of the
WEAP Area and the names and paths of the linkage shape file and aridgimal MODFLOW
name file. The parameters presented in the “Inputs Summaryéfrathin the user interface are
the result of the communication performed betwAeh WATER_gw and WEAP as well as the
reading of the linkage and the MODFLOW files.

=3 ALL_WATER gw - WEAP and MODFLOW Inputs.

-Options and Inputs-
-1. WEAP Area - Settings

. |Dpttest 03 MF_2welsiN

Name lj = _—
|C.‘-,Users\|ssam\Documents\WEAP Areas) i 2

Fath:

2. Read in WEAP Area- :
Data of the WEAP Area are read.
Read
3. MODFLOW Model and Linkage -
f+ With MODFLOW Model

MNarme and Path of the Linkage Shape File (=dbf) @ Read
|C:\Users'\'issam\DDcuments\WEAPAreas'\Opt test 03 MF_2wells-IMNyshapefilesilinkage.dif |

Marne and Path of the MODFLOW Mame File (% mfn, * nam) : :
[lest_DS |C\,USers\|ssam'\Documents'\WEAPAreas\Opt test 03 MF Zwells=MyRAODFLOWA, |

 Without MODFLOW Model ‘ Data of the MODFLOW model are read. ‘

4. Display Options

Study Area File ] Linkage Shape File Optimization Screen J

‘Inputs Summary -

“WEAF Area - -MODFLOW Model - .
Number of Water Sources :lIl Number of Layers :
Number of Demand Sites | 1| Numberof Rows | 11 |
Number of Transmission Links | 2 | Number of Columns | 11 |
Simulation Period (years): Number of Active Cells
WEAP Time Unit: Number of Stress Periods
Eurrent 2 Sc:l_ana[li,n Ect;n\:}ariu MODFLOW Time Unit :

ccount tartin ear nd Year

| 2033 | 2003 | Length Unit :
e R Number of Active Wells :lIl

Figure 21: Display of the inputs summary of the WEAP Area and the MODFLOW model in the
user interface oALL_WATER_gw.

At the end of the step 3, the final files are created, whichbe&illsed as inputs for the optimization
step. Next figure lists the files created in step 3, in addition to the filatedran step 2:
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@ 2 ). < WEAP Areas » Opt test 03_MF  2wells-IN » OPTIMIZATION _ _

Organize » MJ Open v Share with » Print E-mail Burn Mew folder =~ O -@
Jr Favorites Name Date n1cdiFied Type Size

|| Database_WEAP 4/17/2011 902 AM Text Document 1LKB

s Libraries & DemandMonthiyVariation 4/17/2011 9:02 AM Microsoft Excel 97-2003 ... 9 KB

3 Documents | Input_DemandeSites_ WEAP Text Document 2KB

Jw Music | Input_Links_WEAP Text Document 3 KB

|=| Pictures . Input_WaterSources WEAP Text Document 3KB

E Videos @_j WEAP_DATA Microsoft Excel 97-2003 .. 10 KB

@ AnnualActivitylLevel Microsoft Excel 9 SKE

il Computer EB AnnualWaterUseRate Microsoft Excel 97-2( 8 KB

a, THO5927TWOF (C:) = ConsumptionRate ¥ Microsaft Excel 97-2003 ... 9KB

| Input_DemandeSites_Opt 41772011 203 AM Text Document 2KB

G‘F Network | Input_Links_Opt 4/17/2011 9:03 AM Text Document 3KB

=| Input_WaterSources_Opt Text Document 3KB

| Database_Opt Text Document L KB

| Input_Links_Opt_MF Text Document 3KB

| Input_WaterSources_Opt_MF Text Document 2KB

|_| Database Opt MF Text Document LKB|

] Input_wells Text Document 1KB

=  Database Opt:MF Date modified; 4/17/2011 %:04 AM Date created: 4/10/2011 3:35 PM
Text Document Sizei 169 bytes

Figure 22: Output files created bALL_WATER_gw up to the end of step 3, if there is a
MODFLOW model.

The text files describe the demand sites, the water souhmedinks and data summary, as in
step 2, and constitute the inputs for the optimization step. You can sdéieeihmames are similar
to those created in step 2. The suffix is changed to “_Opt”, ietiseno MODFLOW model. The
suffix is changed to “ Opt_MF”, if there is a MODFLOW modelkied to the WEAP Area. In
addition, the file “Input_Wells.txt” details the well data.

At this point, the user can check for the input data and those gehbyatheALL_WATER _gw
software. If all the files are conformal to their standardcstire (see appendix), it is possible to
display the optimization screen by activating the button nan@putirhization screénin the
display option section (step 4).

4.2.4. STEP 4: Display options

ALL_WATER_gw allows the displaying of the data expression of the WEAP Amneathe linkage
shape file, by clickihg on command buttons. This step allows alsoathgation of the
optimization screen.

4. Display Options

Study Area File Linkage Shape File Optimization Screen J ‘

Figure 23: Display option of step 4.

To display the data expressions of the WEAP Area, click on the bl8tady Area File”. Next
screen will be displayed:
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, :
Overomes o N e — RS s = Oee

WEAP Area data expressions
Area Dpt_2010_12_T est2_WE| Feference
evel 1 Level 2 Level 3 vel 4 Variable Expression Scale and Unit
emand Sites and Catchments | Demand Site i City Annual Activiy Level Growthi1%] cap
iemand Sites and Catchments | Demand Site ig City Demand Priciity
emand Sites and Catchments | Demand Site g City S aliity Inflow 15
iemand Sites and Catchments | Demand Site ig City Method
emand Sites and Catchments | Demand Site g City Annual Water Use Fale Growthiz)] w3
emand Sites and Catchments | Demand Site g City Monthly Varietion Monthlp/alues{ Jan. 6131, Apr, 6604, Jul. 10.22, Oct, B.373] | % share
emand Sites and Catchments | Demand Gite Ci Cansumpion S
emand Sites and Catchments | Demand Site iificial Flecharge | Annual Activiy Level
emand Sites and Catchments | Demand Site Arficial Flechaige | Demand Prioily
emand Sites and Catchments | Demand Site Artficial Flechaige | Saliniy Inflow
emand Sites and Catchments | Demand Site Artficial Flechaige | Method
4| Demand Sites and Catchments | Demend Site Artficial Flechaige | Annual Wiater Use Fale Millon m™3
|15 Demand Sites and Catchments | Demand Site Atificial Frecharge | Monthly Yaristion % share
6| Demand Sites and Catchments | Demand Site Artificial Fecharge | Consumption 00 %
7| Supply and Fiesources tansmission Links Catchment Masimum Flow_Valume
upply and Fiesources tansmission Links Catchment Lass from System %
upply and Fiesources tansmission Links Catchment Maximum Flaw_Percent of Demand %
upply and Fiesources tansmission Links Catchment Capilal Costs $
upply and Fiesources tansmission Links Catchment Fined Operaling Cosls $
upply and Fiesources tansmission Links atchment Variable O peiating Costs $
upply and Resources ransmission Links ia Cily Masimum Flow_Volume 00| w3
4| Supply and Fiesources tansmission Links g City Lass from System %
25/ Supply and Fresources ransmission Links ia City Masimum Flow_Percent of Demand %
upply and Fiesources tansmission Links g City Capilal Costs $
upply and Fiesources tansmission Links g City Fined Operaling Cosls $
upply and Fiesources tansmission Links g City Variable O peiating Costs $
upply and Resources ransmission Links o ia City Masimum Flow_Volume 00| w3
upply and Fiesources tansmission Links W g City Lass from System %
upply and Fiesources tansmission Links W g City Maximum Flaw_Percent of Demand %
upply and Fiesources tansmission Links W g City Capilal Costs $
upply and Fiesources tansmission Links W g City Fined Operaling Cosls $ i
TP T S—. e Tl oy - YRR -, Tl
« L3

Figure 24: WEAP Area data expressions screen.
To display the linkage shape file, use the command button “Linkage Shape File”:

Linkage Shape file data
MF_ROW |MF_COL MF_RC CATCHMEM | LANDUSE | GRO NDWﬁVER DEMAND1 |DEMANDZ |AREA M2 |AREA HA [END L1 BND_L2 BND_L3 STD_L1
1 an 826446 0.806:
gw_| 6964 46]  0.626:
g 0446|0806
v 6264.46] 0,826
gw_| 626446 0.826:
g 264 46| D626
v 6264.46] 0,826
| 826446 0806
g 6264.46] 0606
gu_ 826446 0.826
| 826446 0.806:
gw_| 6964 46]  0.626:
g demand 01 6264 46 D626
v 6264.46] 0,826
gw_| 626446 0.826:
g 264 46| D626
v 8264.46] 0,826
av_| 826446|  0.826:
g 6964 46] 0.6
gu_ 826446 0.826
| 264,95 0.2
gw_| 6964 46]  0.626:
g 264 46 0626
v 6264.46] 0,826
n| 626446 082644
g 264 46| D626
gu_ 826446 0.826
| 826446 0806
gw_| 6964 46]  0.606:
gu_ 826446 0.826
v 6264.46] 0,826
gw_| 6264.46]  0.806:

Figure 25: Linkage shape file data screen.

This option can be performed only if the linkage shape file isadyragead in (step 3). If not,
ALL_WATER_gw asks the user, by dialog box, to read in the linkage shape file before.

When the data reading, b&LL_WATER gw, and verification, by user, are performed, it is
possible to activate the optimization screen by the command buttptnii@ation Screen”. A
verification of the existence of the required files for the nexp is performed by
ALL_WATER_gw. A message box informs the user about the verification result.

ol All the required files for the MODFLOW model run exist.

Figure 26: Message box to confirm the existence of required files for MODFLOW run.
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4.3. Optimization of the groundwater management

4.3.1. STEP 5: Choice of the objectives and the con straints and editing input
files for optimization

4.3.1.1 Choice of the objectives and the constraints.

There are two default situations of the optimization screen. ¥he dne when there is no
MODFLOW model for the study area. In this case, the drawdobjective (Drawdown
Minimization), the constraints of maximal abstraction (Well xii@al Abstraction) and the
maximal cell drawdown (Drawdown Impact) will not be activated.

When there is a MODFLOW model, and the data are read in (stepe3pptimization screen
proposes to optimize the water management taking in consideratitire abjectives and all the
constraints, as shown in the next figure:

b. Objectives and Constraints

Objectives Constraints

[+ Demand Satisfaction ¥ Link Maximal Capacity
[+ Drawdown Minimization
[+ Cost Reduction

[+ Quality S atisfaction v Well Maximal Abstraction

v Drawdown Impact

Figure 27: Choice of the objectives and the constraints in step 5 (optimization screen).

In this step, the user can choose the interesting objectives armaksgbeiated constraints by
activating and deactivating the respective check boxes.

4.3.1.3 Automatic editing of MODFL OW namefiles

In order to ensure the success of the MODFLOW model siraolativo MODFLOW name files
are required. The first one is for the running of the hisfoeitod of the model. The second one is
for the future period, which is subject of the optimization proa&isk. WATER gw is capable to
edit these two files automatically. The user has the respotysibilverify and to update them, if
necessary. Next figure presents an example of a MODFLOW fiigenef the historic period,
created byALL_WATER _gw:

[ ] IMF!maillageFINAL_S02 HIST.NAM - Bloc-notes

Fichier Edition Formak  Affichage ¢

# MODFLOW Mame file created by ALL_WATER_gw (13/08/20107.
# Historic period From @ 1982 to @ 2009

LIST 2 IMFImaillageFINAL_SO2_HIST.OUT
LIS 19 IMFImaillageFINAL_SOZ2_HIST.DIS
BASE 3 IMF!maillageFIMAL_HIST. hat
BCF6 4 IMF!maillageFINAL. BCF

(o] 15 IMF!maillageFIMAL_S02_HIST.OC
WEL = IMF!maillageFINAL_S02_HIST.WEL
RCH 14 IMFImaillageFINAL_SOZ2_HIST.RCH
DRM 10 IMF!maillageFINAL_SOZ_HIST.DRN
PCG 14 maillageFINAL. pcg

DATA 41 IMF!maillageFINAL_S0Z_HIST.HED
DAT A 44 IMF!maillageFIMAL_S02_HIST.DD
DATACBINARYY 43 IMFImaillageFINAL_SO2_HIST.CCF

Figure 28: MODFLOW name file for the historic period createdAiyl.  WATER_gw.
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ALL_WATER gw will read all the MODFLOW files and modify them according tiee
optimization period. The results of the simulation of the historiogdeare used as initial heads for
the optimized period.

] IMF!maillageFINAL_502 OPTIP.NAM - Bloc-notes

Fichier Edition Format Affichage 7

B MODFLOW Mame file created by ALl _WATER_gw (12/08/20100.

# optimization period From : 2010 to : 2015

LI=T 2 IMFImaillageFINal_sS02_OPTTR.OUT
DIs 1g IMFImaillageFInNal_sS02_OPTTPR.DIS
BASEH 3 IMF!maillageFINAL_QOFTTF. bat
BCF& 4 ImFImaillageFInMaL. BCF

(ol 15 ImFImaillageFINaL_S02_OPTTR.OC
WEL G IMFImaillageFInal_s02_OPTTPR. wEL
RCH 16 'MF!maillageFINAL_SO02_OPTTP.RCH
DRM 1o IMF!'maill ageFIMNAL_S02_OPTTP.DRM
PCG 14 maillageFIMAL. pcy

DATA 41 IMF!'maill ageFIMAL_S0Z_CRTTR.HED
DATA 44 IMF!'maill ageFIMAL_S0Z_CRPTTR. OO
DATACBINARYD 43 !MF!n’Ia"ITlagEFINAL_SDE_OF'TTF'.CCF

Figure 29: MODFLOW name file for the optimized period createddiy. WATER_gw.

All the input and output files used by MODFLOW are saved beneath the default windeie"T
path. Therein, a subfolder is automatically created\bly_WATER_gw, having the name of the
WEAP Area.

4.3.2. STEP 6: Choice of the Genetic Algorithm para meters

Next the genetic algorithm (GA) parameters have to be defifieel following figure lists these
parameters and their defaults values:

6. Genetic Algorithm Parameters

M aximal Humber of ) - -
Iterations - m - Mutation Probability : 10 e

. i N =
Population Size : m hd Percentage of Elitism : |2 U d

Archive Set Size: [
100 d Optimization Start Year: 200

Figure 30: Choose of the GA parameters values in step 6, in the optimization screen.

It is not possible to explain in detail on this document the meaning of each paraitleteGA but
the user can find a guideline to choose the acceptable values befartker details about GA
concepts, parameters meaning and determination the user could rteieréferences cited in the
following paragraph.

By similarity to the evolution theory of Darwin, GA evolves populatdmndividuals (solutions),
using genetic operators: Selection, crossover and mutation (Batk2200; Goldberg, 1991). An
evolution strategy is generally associated. This iterative pgasestopped in case of evolution
stagnation or when the maximal number of generation is reached @ral., 2003). In GA,
problem solutions are represented as chromosomes formed byf@geeés. Each gene represents
a bit that must be filled by a decision variable value, in itsdiein interval. Initially, genes and
chromosomes are randomly created (in the research space).aNartelligent research process
will combine solutions (crossover) and modify randomly some bits sglmetation) to improve
the population performance and to identify the set of non-dominatedossluEor multi-objective
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optimization, Goldberg (1991) recommended the use of the PARETO dptimahcept to
compare solutions, and to select the non-dominated ones.

The first parameter is the number of iterationg,g\that the GA has to perform before stopping
the computation. The use of a higher number gf Mill lead to better solutions. But this will
consume more memory of the personal computer (PC) and the optmigalii take more time.
For simple cases, 150 iterations can be enough. For very complicestes], enore iterations are
necessary to converge to the best solutions. The exact number has to be identibgdcaase

There is a direct relationship between the number of water spuhee number of demand sites,
the number of links and the number of time steps to be optimizedhandotmplexity of the
problem and then the requirego If the case study presents many water sources, demand sites
links and additionally, the optimized period is long, the GA has to igeatihigh number of
decision variables: well abstractions in our case. Thus, manyos$avers and mutations and
consequently, a lot of iterations are needed. For example, the zgitoni of the abstraction from
two wells to supply only one demand site for one time step camrmdered as a simple case
study: 2 decisions variables (bits). It requires a low numbge@ttions (eg. 50). The optimization
of the abstraction from 10 wells to satisfy only one demand site@rfertime step is a more
complicated case: 10 decision variables (bits). The problem resoluili require more iterations.
For the last case, when the abstraction have to be optimizel® fame steps, the number of
decision variable (bits) will be equal 120 (10 x 12) and the required nwhlerations have to be
increased to converge to optimal solutions.

The second GA parameter is the population sizgp)(TJust as the parameter “number of
iterations”, higher values lead to higher accuracy but higher cotignaheffort. A population
size of more then 20 and less then 100 can be adopted for any cgsd ktudhoice depends on
the PC performances and opop

The archive size is the maximal number of optimal solutions that the GA has td tms.number

is reached before to reach thg,Nthe GA will stop the computation. Usually, the GA has to
perform all the iterations requestedy¢)l before filling the archive set. If this is not the case, the
user has to increase this number. The default value of 100 can be kept as starting aaluedse
study.

The mutation probability ¢ is a parameter that defines the number of genes (bits) winere
mutation will be operated, in each iteration. The values of thesevitliise randomly changed in
their definition interval. The ‘g’ value is usually between 1 and 10 %. The user has to find the
most adequate value for his case study. An example: If the mushlits in the population is
equal 1200 (10 solutions, each have 120 bits) ant gqual 5 %, the values of 60 bits will be
changed randomly in each iteration.

The percentage of elitism Jpdefines the number of optimal solutions copied from the previous
population to the population under building. Highest values (more than 50 %)thpushA to
quick converge. Lowest values (less than 10 %) don’'t guarantee the GArgmme Usually
values between 10 and 30 % are used. For examplgypifsTequal 20 andgps equal 30 %, each
new population created by the GA will include 6 optimal solutions (BB if they exist in the
archive set. If this number does not exist, all the identified @btsalutions (less then 6 for the
example) will be copied in the new population.

The last parameter defines the optimization start year. Tiaeltlgalue displayed in the section 6
has been introduced by the user in step 3.
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4.3.3. STEP 7: Start the optimization

To allow flexibility for managers and decision makers, itlisvéed in step 7 to choose a weight
for each of the four optimization objectives by using four slideing value of the weight indicates
the importance of the objective in the optimization. For important tgethe user has to choose
a great weight, near 100. For less important objective, just chesseveight. If the user wants to
eliminate one objective from the optimization, he has just to choasgght equal zero. The next
figure shows how each of the sliders can be used to define the respective objeicfinte w

7.Optimization-
— Objectives Weights -

Demand Satisfaction : — Drawdown Minimization : — ——
Cost Reduction : — Water Quality : —

---Q'tupping parameiers for iterations

Maximal Discrepancy TR Start Optimization

Allowed Number of heration without 157
Impruvement:

Minimal Accepteble Improvement: amlt x

-Progression

NMumber of lterations :I:l Number of optimal Solutions :I:l
Convergence criteria :I:l Execution Time (h:m:s):l:l

Figure 31: Choice of the objectives weights and the convergence parameters.

Please note that the optimization objectives are grouped by pa@ontpute the two fitness
functions “fitness 1" and “fitness 2”, used to evaluate solutions hey GA. The “Demand

Satisfaction” and the “Drawdown Impact” objectives form the fiamctfitness 1”. The “Cost

Reduction” and the “Quality Satisfaction” objectives form the fiamc“fitness 2”. Therefore, it is

not allowed to choose weights equal zero for both of the coupled obggaised to compute the
same fitness function. If the user chooses this option a dialog Boappear and invite him to
change his choice.

In addition to the maximal number of iteratioAd,L WATER_gw uses a Convergence Ciriterion.
In order to define the accuracy of the optimization result, aciepancy” is defined as the sum of
the fourth objective functions. Figure 31 presents in the second firmamethe top the three
stopping parameters used to control the iteration process. Fourackitestopping the iteration
optimization are considered: 1) the maximal number of iterat®rsached; 2) the archive set size
is reached; 3) the Discrepancy falls below a user defined vetuedrgence is reached and the
accuracy is sufficient), 4) the Discrepancy does not change over a fised sceimber of iterations
(convergence is reached).

The following parameters have to be defined by the user to control the iteration:

« The “Maximal Discrepancy”. This parameter is the maxiraeteptable value of the
Discrepancy. If the Discrepancy is equal or less than the chahs the iteration process
will be stopped,

* The “Allowed Number of Iteration without Improvement”: The itepatiprocess will be
stopped, if no improvement of the Discrepancy parameter can bdeedetar the defined
number of iterations.
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* The “Minimal Acceptable Improvement”: The minimal differeneviieen the Discrepancy
parameters on iterations separated by the parameter “Allowedenwhiterations without
improvement”.

The optimization can be started by clicking on the command buttondn&teet Optimization”. If
there is a MODFLOW modeALL_WATER_gw asks the user to confirm or change the default
path of the temporary optimization folder, proposing the “Temp” fo(dgr “C:\Documents and
Settings\Issam\Local Settings\Temp”).

Please confirmi or change the temparary optimization

Cancel |

folder

Lo |
Figure 32: Validation of the path of the temporary optimization folder.

All the MODFLOW simulations will be done in the folder having tlaene name as the WEAP
Area under the previous path. By clicking OK the optimization psostmtsALL_ WATER gw
will perform two steps: first, it will crate and run a MODBW model for the historic period: Start
year — Present year. Secondiy,L._ WATER_gw will start the abstractions optimization.

When the optimization is in progress, the optimization interfack display a dynamic chart
showing the optimal solutions found during the iterations: the PARETONAR The red text
message will change to characterize the progression. The numberabbits, the number of
optimal solutions founded, the convergence criteria and the executemviinibe displayed in the
“Progression” frame of step 7.

It is possible for user to pause or stop the optimization procass e command button “Stop
Optimization”.

The MODFLOW model execution time depends essentially on the numiaetioé cells and on
the number of time steps. For the example used in this user gltieDFLOW run for the whole
model (360 active cells) takes about 1 second using a standard PG¢Br&iagle cor€entrino
- 512 MB RAM).

To compute the objectives functions and to identify the optimal solutmmghé studied case
study, the same PC takes about 2 seconds (1s for MODFLOW exeamibri s for GA
computing). Thus, for a population with 10 solutions, each of the iteratidhsonsume about

20 s. The optimization step takes about 200 s (3.3 min), 2000 s (33.3 min) and 20000 s (5.5 hours
for 10, 100 and 1000 iterations, respectively. Please note that thésempeces are given as
examples. The real computational time depends on the present haathaeftware layout of the

PC and available free memory when the optimization is started.
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= ALLWATER_ gw - Optimization - Area: Opt_test 02 MF_2wells-IN
5. Objectives and Constraints -

Objectives

[* Demand Satistaction
v Drawdown Minimization
[v Cost Reduction

¥ Quality Satisfaction

Constraints
[¥ Link Maximal Capacity

¥ Drawdown Impact

: Water Unit

[ Well Maximal Abstraction

6. Genetic Algorithm Parameters

20 A

20 -

Maximal Number of
Iterations :

Mutation Probability - x:

Percentage of Elitism : @ i

AR iy i Optimization Start Year: 2003

Population Size : }

Objective Functions

0657

=N E X

PARETO FRONT

0.563

0470

0376

0282

0.138

0.094

0.000

0.000 0.069

0.139 0.208 0277 0.347 0416 0483 0554 0624

Fitness 1: Demand satisfaction and Drawdown impact

Wells Performances |

| A

- Demand Satisfaction Drawdown Minimisation
~7.0Optimization 057 10,1000
S . 0.5z 10,0300
—Objectives Weights o < oy
Demand Satistaction : — —— Drawdown Minimization : —— —— = X A
N 3 3 ; LR 00500
Cost Reduction : — —— Water Quality : — — 22 — 0.0500
= - — oz om0 A
—Stopping parameters for iterations ol .
LAY 0.0300
: 5 p— S o 0.0200
Maximal Discrepancy J5¥iTFl » |  Start Optimization £ fs
Allowed Number of lteration without 100 _— G, LY
Impmvamenl: hd o minimsl o~ minimsl
Minimal Accepteble Improvement (Ul v | | Stop Optimization T Guslty Saasacion
: Progression : o Lot
- ] . Ty o7s LX
Number of lerations | 2f)) MNumber of optimal Solutions . — . “\
Convergence criteria | Execution Time {h:m:s): -+ 05 i
. 1.048 0:2:8 e I \\
= = o4z 0.
he abstractions optimization is done. om 0.02 A
L5 0. /1
0. 0.01 1
.08 0.01 \
_ . .00 0.00
Overview WEAP and MODFLOW Inputs Exit . ik A M

Figure 33: User interface during the optimization.

When the optimization is completed, the user has three options, thae eativated by command
buttons in the lower left part of the optimization screen, as shown in next figure:

Overview

WEAP and MODFLOW Inputs ‘ Exit ‘

Figure 34: User interface during the optimization is in progress.

The first option is to display the “Overview” user interfacg chcking on the button “Overview”.

Next figure is an overview interface example.
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€ ALL WATER gw - Overview - Area: Opi_hes_{'l_(}?»__M'F_."EwEIIs-_.' E=ArE X

 Note
WITH MODFLOW MODEL
= Cjbjec{i'ves We'i'g'h't's Cons"rrélint's;'-Options -
Dermand Satisfaction 05 Link taximal Capacity
Dirameciown Minimisation 05 Dranwvclown Impact
Cost Reduction 0.5 Wall Maximal Ahstraction
Cluality Satistaction 05
Statistics of the Optimal Solutions
Optimal Solution | Demand Satisfaction |Drawdown Minimizatiol| Cost Beduction Quali -
1 0.314 0187 0.746 '
2 0.312 019 0.748
3 0.329 0.191 0.747
] 4 0.33 0.193 0.749 =
< | b

rSolution & Priority Relationship

~ Solution 1 : Demand Satisfaction and
Drawdown Minimization

F2 - Cost

Reduction
and Quality ~ 2 : " -
Salictacton Solution 2 : Weighted Solution

Priority
= i : Cost Reduction and
. Solution 5 Quality Satisfaction

F1 : Demand Satisfaction and Drawdown Minimization Priority

8. Evaluation of the optimal solutions

Summary of Solution :

Evaluate Specific Solution Save Solution
Demand Diranwd on Cost Cluality Awerage Unit Cost of
Satistaction tinimization Feduction Satisfaction Water (LU/m3)

Figure 35: Overview User Interface.

The overview informs the user about the optimization option in the “Nadeie in the top. The
Objectives, weights and constraints chosen by user in steps 5, 6 endufmanarized in a second
frame. The objectives functions of the optimal solutions found aptagied in the table “Statistics
of the Optimal Solutions”, in the third frame. To simplify the decisvhen choosing a solution to
save and/or to apply, it is presented a symbolic representation BARETO front in the frame

“Solution & Priority Relationship”. Three optimal solutions are idesdi in the graph with
different priorities:

* Demand Satisfaction and Drawdown Minimization,
* Weighted Solution,
» Cost Reduction and Quality Satisfaction.

The weighted solution is determined AkL_WATER_gw by taking into account the user defined
weights of the objective functions.
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The second option is to return to the first GUI screen, by clicking the command buttéxP @rtel
MODFLOW Inputs”. The third option is to quit the application by usihg tommand button
“Exit”.

4.3.4. STEP 8: Evaluation of the optimal solutions

After identifying optimal solutions for the studied problem, itnigportant for the user to analyze
their performances before choosidd.L.  WATER_gw offers two options.

The first is to choose a solution, among the three optimal solutisptaged in the simplified
PARETO graph, by activating the option box. The solution number will lereically displayed
in the field “Summary of Solution” in the frame “8. Evaluation of thimal solutions”. In
addition, the values of the fourth objective function and the “AvetageCost of Water” will be
displayed in the lower part of the user interface. The sslesblution will be marked by a red
point in the PARETO graph and its row in the table “StatistichefOptimal Solutions” will be
highlighted, as presented in the next figure:

"ﬁ ALL_WATER. gw - Overview - Area: Optttestj}iMFjwejls-_ @E@ =@ s |
Note PARETO FRONT
WITH MODFLOW MODEL

0.659

0.564
0.470
0376
0.282

Objectives Weights Constraints/Options

Demand Satistaction 05 Link Medmal Capacity
Drawwdown Minimization 05 Drenwdown Impact
CostReduction 05 Well Maximal Abstraction
Quality Satisfaction 0.5

0.188

0.094

0.000
0.000

Statistics of the Optimal Solutions
Optimal Solution | Demand Satisfaction |Drawdown Minimizatio| Cost Reduction | Quali ~
1 0.314 0187 0.746

0.079 0.158 0.238 0317 0.396 0.475 0555 0.634 0.713

Fitness 1: Demand satisfaction and Drawdown enpact

2 0.312 0.18 0.748
3 0.329 0.181 0.747
4 033 0183 0.749

Obijective Functions Wells Performances -

Demand Satisfaction Drawdown Minimisation

Solution & Priority Relationship

& Solution 1: Demand Satisfaction and
Drawdown Minimization

F2 : Cost
Reduction
and Quality
Salisfaction

Priority

" Solution 2 : Weighted Solution

: Cost Reduction and

¢ Solution 5 Quality Satisfaction

0

] i a e

CostReduction Quality Satisfaction

F1 : Demand Satisfaction and Drawdown Minimization Priority

8. Evaluation of the optimal solutions

Surmmary of Solution

Evaluate Specific Solution ‘ | 1 Save Solution J

Demarn Dzl Cost Quality Awerage Unit Cost ot
Safisfaction  Minimization  Reduction Satisfaction Water (Lfm3)

| 0314 H 0187 H 0746 H 0.109 | | 1.493 ‘

Figure 36: Solution evaluation in the optimization screen.

The second option is to use the command button “Evaluate Specific Soltgiatioose any
optimal solution by its number for evaluation. A message box askss#reto introduce the
number of the solution to evaluate. The same results as describeel Wwifdre displayed in the
lower part of the user interface.

For each evaluated solutidt L_ WATER_gw print all the output files, in the “OPTIMIZATION”
folder, and run the MODFLOW model with the optimal pumping ratest Ngxre shows the list
of all input and output files at the end of the optimization. Examples are presented ppanaliX.
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==

@Oﬂ » Ordinateur » Data(E) » WEAP » Opt test.03 ME 2wellsIN » OPTIMIZATION + « [ 41| Rechercher ol

e MNom Date de la prise de.. Mots-clés Taille Maotation
. SOLUTION_1 = Annual ActivityLevel x5 = | AnnualWaterUseRate s
Dropbox = | ConsumptionRatexls S Contribution.csv Ha Cost.csw
F Documents | Database_Opt.ut Database_Opt_MF.bet Database WEAP. bt
Autres ¥ ”'i DEMAND_FRACT .csv E'a_,';DEI'\.M\N D WELL.csw = | Demandt onthlyVariation.xs
ﬁ_a;FitnessEvqution‘csv Global_Qutput_file.txt Input_ DemandeSites Opt it
Dossiers Input_DemandeSites WEAP ot Input_Links_Optixt Input_Links_Opt MF.bd
- Input_Links WEAP. it Input_ WaterSources_Opt. bt Input_WaterSources_Cpt_MF tut
. _P|cT:ures Input_WaterSources_WEAP bt Input_Wells.bit éad OPT_WellDrawdown.csy
I _5cripts =a] OPT_WellHeads.cov “ia] OPT_WELLS_DDmax.csv #a| OPT_WELLS_DISPLAY.csv
o -temp = || =3]OptimalSolutions.csw Ha ) OptimalSolutionsSTAT.cov Ha) Quality.csv
i WORK =, REF_WELLS_DISPLAY s =, | Satisfaction csv (T Seting file
b FALGERIE A test_03_SOLUTICON WEL = |WEAP_DATAXM
| ANNABA o
RATNA 7

Figure 37: Input and output files in the folder “OPTIMIZATION” after the optimizatideps
At the end of the optimization step seven “csv” files are created:

The first one (OptimalSolutions.csv) summarizes the optimal solutiteded. The
“Contribution.csv” file presents the contribution of each of the wabtewrces in the demands
satisfaction. The “Cost.csv” file presents the unit cost of wiateeach of the optimal solutions
identified by the optimization. The “DEMAND_FRACT.scv” file ddgithe fraction of the
demand covered by groundwater nodes for each demand site. The “DEMMEID..csv” file
details the volume of water supplied by wells for each demandrsige"Quality.csv” file presents
the water quality in each of the demand sites. The “DemandS$#bsfasv” file presents the
percentage of satisfaction of each of the demand sites for all time steps.

In addition, a conformal MODFLOW well file named: “MODFLOW name
file_SOLUTION.WEL” is created and saved in the OPTIMIZANGolder. For each of the active
wells, it is saved the initial abstraction rates for theohistperiod and the optimized ones for the
optimized period.

ALL_WATER gw offers the possibility to display the optimal abstractions, itbads and the
drawdown in the cell of each of the active wells. The usersetett the name of the well among
the list of all active wells in the combo box named “Well nanfe’tlick on the button “Well
performance” displays the row and the column of the well and two graphs:

o OPTIMAL ABSTRACTIONS: Display the optimal abstraction dfet chosen well for each
time step,

o HEADS AND DRAWDOWNS: Displays the head and the drawdown modulati the active
well and the maximal drawdown.

-26-



ALL_WATER_gw Dr. Issam NOUIRI

: y = TEs]
) AL WATER gw - Overview - Area: Opt test 03_MF 2wel. [ o || & [ L= &)
~Note 7 PARETO FRONT
WITH MODFLOW MODEL P 0657
1 {=4
~Objectives Weights Constraints/Options —— = 0563
5 0470
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Cost Reduction 05 ‘Well baximal Abstraction = 5 ;8;
Quality Safisfaction 05 w 5
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~Statistics of the Optimal Sclutions 50 0.000 o - - -
Optimal Solution |Demand Satisfaction |Drawdown Minimization|C » B 0.000 0.069 0139 0.208 0277 0347 0416 0485 0334 0624
; g::; g'::?; = Fitness 1: Demand satisfaction and Drawdown impact
3 0.361 0.046 Objective Functions | Wells Performances fwell_1 ~ (3-2-2) |
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< Tl é WELL ABSTRACTIONS
L = 200000
~Solution & Priority Relationship 185000
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—_ 1
& Bolution 1 : Demand Satistaction and ; k-2 130000
Drawdown Minimization H };ﬁg
F2 : Cost 8 950.00
Reduction g - gg
d Quali A . o E
g;tish:;ig " Solution 2 : Weighted Solution = = 500.00 2 = - r 5 & 5 . e o o ;
Priority
~ : Cost Reduction and - Time step
€ Solution 8 Quality Satisfaction
o Well rwell_1
F1: Demand Satisfaction and Drawdown Minimization Priority HEADS AND DRAWDOWNS
2100 a
8. Evaluation of the optimal solutions gé . ;j
207.3 ae &
Surmmary of Solution E 072 N as %
Ewvaluate Specific Solution ‘ 1 Save Solution I = ﬁ; i? =
=
@ 5L 06 g
o — — 2 2
Dermand Drawdown Cost Quality Awerage Unit Costof 2030 60 3
Safisfaction  Minimization  Reduction  Satisfaction water (LUfm3) L 2 3 4 5 ] 7 ] ] » LE] 2
| 0292 | ‘ 0.054 ‘ ‘ 0711 ‘ | 0.038 | | 1422 Time step
(oS Hesd ./ Drawdown ./ Maximal Drawdown |
Well s well_1

Figure 38: User interface with well performances after the optimization step.

The command button “Save Solution” allows the user to save selectethbgtilutions, under the
folder “OPTIMIZATION” created byALL_WATER _gw. To perform this step, it is required to
enter, by input box, the ID of the optimization scenario in WEAP Area:

m

Flease enter the Optimization scenario (D

Figure 39: Input box to enter the ID of the optimization scenario.
A message box inform about the path and the folder name where the solution is saved:

[ — - [l
o ==

".I Inputs and Outputs of the simulated optimal solution are saved in the
W folder C\Users\issam'\Documents\WEAP
Areas\Opt_test 03__MF_2wells-INVOPTIMIZATION\ SOLUTION_L

Figure 40: Message box to inform about the path and the folder name of the saved solution.

To save the settings used to get the characteristic ogohaions, there is the possibility to create
and save a setting file, called “Setting_file.txt”. Thie fis placed in the OPTIMIZATION folder
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created byALL_WATER_gw. The button “Save” in the frame “Setting” of the first GUI alltivis
function.

—Settings -

Save Load

Figure 41: Setting frame in the first GUI &ALL_WATER_gw.

The user can also load these settings by selecting the ofathe WEAP Area. A click on the
command button “Load” in the same frame allows the selection cfetiiag file. Next figure is an
example of loading saved settings:

T ALLWATER gw - WEAP and MODFLOW Inputs [oll@] =]
- Options and Inputs
1. WEAP Area @ [Opttest 03_MF_2wells-IN

|
Pﬂth{E.\WEAP\ ‘ | e

—Settings -

2“ Select the setting file =
OO\ « OPTIMIZATION » « [ 42 || Rechercher 2|
‘ Organiser ."'::hage-; ¥ . ﬁouuea_u Ci.\:jss?iE‘!' 1?)
Nom Date de |a prise de vue hots-clés »
| SOLUTION_1 | Input_Wells.tet
f, Dropbox Database_Opt.o | Setting_file.tbet
<% Emplacements récents Database_Opt MF.bdt
Database WEAP. et
B Burea | Global_Cutput_file.bt
& Ordinateur [nput_DemandeSites_ Opt hit
E Documents Input_DemandeSites WEAP
¥ i Input_Links_Opt.o
- TRREE | Input Links_Opt_MF.tit
w0 Musique Input_Links_WEAP. et
i Modifié recemment Input WaterSources Optixt
[nput WaterSources Opt MF.tut
Autres »»
| Input_ WaterSources WEAP. bt
Dassiers i (e 111 3
Mot dufichier: Sefting._file.td | TextFiles tiog) -
[ Olusetir ] l Annuler ]

Figure 42: Example of loading a saved setting file.

At the end of each optimization run, a global output text file estted. This file summarizes the
inputs and presents the performances of the optimal solutions. Next figure engpleax
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_\ Global_Qutput_file.tet - Bloc-notes. =
Fichier Edition Format Affichage ?

Global output file created by ALL_WATER_gw (17,04 /20117,
PATHS AND FILES WAMES,

:
. B

WEAP Area name : opt_test_03_ pMF_2wells-INM
wWEAP Area path: EN\WEAPY,
Humber of sources: 2
Number of demand sites: i
Number of transmission Tink: 2
simulation period length (year): 3
Scenario start year: 2000
optimization start year: 2003
scenario end year; 2003
wumber of time step per year: 12
WEAP time step: MONTH
MODFLOW model summary.
mame and Path of the Tikage shape file: E: \wEAP\Opt Test_03__MF_2wells-Invshapefiles\linkage. dbof
Mame of the modflow name Tile: te
path of the modflow model: E NWEARNOPT_Test OZJF 2walls-INWWMODFLOWY,
Number of layers:
Mumber of rows: 11
Humber of columns: 11
Number of active cells: 360
Mumber of stress periods: 48
MODFLOW time unit: Days
MODFLOW lenth unit MeTars
Humber of active we'l'\s 2
objective weights o
pemand satisfaction weight: 50 =|
Drawdown minimisation weight: 50
Cost Reducation weight: 50
quality satisfaction weight: 50
Fitness functions of the optimal solutions
Solution Fitness 1 Fitness 2
1 0.129 0.399
2 0.127 0.399
3 0.171 0.394
4 0.171 0.394
5 0.173
objective functions of the optimal solutions
solution B R uc
1 0.189 0.04 0.745 0.085 o]
o 0.217 0.037 0.738 0. 061 a
3 0.221 0.037 0.738 J08 ("]
4 0.276 .04 0.735 0.055 o]
3 0.303 0.039 0.731 0.058 Q
& 0.304 0.03% 0.731 0.058 0
7 0.306 0.038 0.732 0.029 1.465
NoTe
D3: Demand Satisfaction.
DD: Drawdown Minimisation.
CR: Cost Reduction.
as: auality satisfaction.
UC: Unit Cost of water. -
4 b

Ln 38, Col 36

Figure 43: Example of the Global output files after the optimization step.

4.4. Import of the optimized solution into WEAP

The output of the optimization can be easily integrated in the WE&R project. The steps to
ensure this task are explained in the next paragraphs:

4.4.1. Creating an optimization scenario

The first step to visualize the optimization results in WEABisreate a new scenario based on
the “Reference” scenario, as shown in the next figure:

[w

M add Sy Copy = Delete 3 Rename

=|- Current Accounts [1982) Reference iz based an:
- Reference [1983-2015) |Eurrenl Aocounts
future [1383-2015]

m Add Scenario Based on: Reference

Name: [OFTIMIZATION

o)
\/Close | ? Help |

Figure 44: Adding a new scenario “OPTIMIZATION” based on the Reference scenatrio.

| shawal | | ShowNone |

The new scenario will take all the existing data from theféRence” scenario. The next figure
presents the scenario tree after creating the OPTIMIZATION doenar
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W Manage Scenarios E|
I add ;'1., Copy = Delete Rename
= Current Accounts [1982) OPTIMIZATION iz based an:
- Reference [1933-2015) |Heference j

future [1383-2015]

OPTIMIZATION [1323-2015] Scenario Description:

[w Shaow results far thiz scenario
Uncheck to reduce calculation time

| Show All | | Show Nunel o Close | ? Help

Figure 45: Scenario tree after creating the “OPTIMIZATION” scenario.

Note: This step has to be performed by the user inside WEAP.

4.4.2. Loading optimization data from ALL_WATER_gw o  utputs

The user has to load the optimization results from the “DEMANDAERcsV” file to modify the

variable “Maximum Flow Percent of Demand” in the branch “Tragsmn Links”. To ensure this
task, go to the data view and click on one of the transmission linkss n the variable
“Maximum Flow Percent of Demand” and choose “Expression Builden&é mext dialog box

appears:

] o RoF_Tnas]
+-[_7 to Fch_Triaz?
+-[23 to Fch_Oued_Figzaou
+-[23 to Rch_Oued_Feuss
+-[27 to Rch_Oued_Oum_Zaszar
+-[27 to Fch_Oued_Sidi_Makhklouf
+-[2 to Fch_Oued_Mona
+-[_ to Evaporation

+-[23 Funoif and Infiltration

+-[Z3 Fetun Flows

+-[21 water Quality
(23 Other Azsumptions

from Gw'_M atural_Recharge:M asimum Flow  Percent of Demand =
B + - *F P % ) 8 €= 2 o= = <

ReadFromFile{OPTIMIZATIONADEMAND_FRACT cav1)

? Help

Figure 46: Dialog box of the WEAP expression builder to read orAthe WATER_gw output.

The user has to specify that this variable is read fromd fids, by adding its folder, its name
(DEMAND_FRACT.csv) and the column corresponding to the transonidisik. Next figure is an
example of the DEMAND_FRACT.csv file:
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'Lj Microsoft Excel - DEMAMND_FRACT.csv =8 '
-i] Fichier Edition Affichage Insertion Format Outils Données Fenétre  OQutils de I'Studiant
) -8 %
NEEHRIRB SRS 9 BE e B 2 B
i Avial x10 xl@ I 8 FE&EFHE €080 ﬁ
H26 - A
A B | & | D | -

1 |YEAR TIME STEFP | To_demand_01_From_gw To_demand_01_From_gw_02

26 2003 1 B0 86620244 3013379756

27 2003 2 45 32704547 54 67295458

25 2003 3| 54 18480708 4580519292

29 2003 4 72 2602896 27 7397104

an 2003 5 40972755819 59 02724181

il 2003 B 34 TE217603 65 23682397

32 2003 7| 3043170864 62.508209136

33 2003 g 50 71849456 49 28150544

34 2003 g 47 93606577 52 06393423 |8
35 2003 10 57 82330361 42 1TERYA3Y |7
36 2003 111 49 97791627 50.02208373

37 2003 '12 60. 77293595 39.22706405 -
M < » »\DEMAND_FRACT/ 1«1 il | r
E Dessinv bi | Formes automatigues = Mo INlicD A -ﬁﬂ Tan LQ Lﬁ | & - o - ﬁ .= ﬁ
Prét TLINA

Figure 47: Example of the DEMAND_FRACT.csv output file.

Note: The columns “YEAR” and “TIME STEP”, in the DEMAND_FRACT.c, fnave not to be
considered when identifying the column number for each transmission link.
4.4.3. Running WEAP and displaying results

To evaluate the optimization as a new scenario, click on the WESUt view. A new run is
necessary to display updated results.
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Appendix

Appendix 1: List of files created by ALL_WATER_gw

After reading the WEAP area:

WEAP_DATA.xIs :WEAP Area data expression

Input_DemandeSites WEAP.txCollection of all demand sites in the WEAP Area
Input_WaterSources_ WEAP.tx(Collection of all the groundwater sources in the
WEAP Area

Input_Links_ WEAP.txt Collection of the transmission links in the WEAP Area,
Database_ WEAP.txtSummary of the WEAP Area,

DemandMonthlyVariation.xls The demand monthly variations of all the demand
sites,

AnnualActivityLevel.xls :The annual activity levels of all the demand sites,
AnnualWaterUseRate.xIsThe annual water use rates of all the demand sites,
ConsumptionRate.xIsT.he consumption rates of all the demand sites,

After editing the demand sitesfile:

Input_DemandeSites_Opt.tx€ollection of the demand sites to be optimized,
Input_WaterSources_ Opt.txtCollection of the groundwater sources to be
optimized,

Input_Links_ Opt.txt Collection of the transmission links sources to be optimized,
Database_ Opt.txBummary of the WEAP Area after editing.

After reading the linkage shapefile (if thereisa MODFL OW mode):

Input_DemandeSites_Opt_MF.t&ollection of the demand sites to be optimized,
after reading the linkage shape file,

Input_WaterSources_Opt_MF_.t@ollection of the groundwater sources to be
optimized, after reading the linkage shape file,
Input_Links_Opt_MF.txtCollection of the transmission links sources to be
optimized after reading the linkage shape file,

After reading the MODFL OW model

Input_Wells.txt :‘Well file created by ALL_WATER_gw,

When optimizingisin progress

FitnessEvolution.csWalues of the objective function at each iteration,
OptimalSolutions.cswWalues of the Fitness functions of the found optimal solytions
MODFLOW files for the historic period (tmp folder),

MODFLOW files for the optimized period (tmp folder);

After optimization:

Satisfaction.csvTemporalvalues of the demand satisfaction rates of the evaluated
solution,

Quality.csv:Temporalvalues of the water salinity in each of the optimized demand
sites of the evaluated solution,

Cost.csviTemporal values of the unit water cost of the evaluated solution,
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Contribution.csv Temporal values of the contribution percentage of each water
source in the demand satisfaction,

DEMAND_FRACT.csv :.Demand percentage supplied by each water source to
each demand site of the evaluated solution,

DEMAND_WELL.csv: Wells Abstraction rates to each demand site of the
evaluated solution,

* _SOLUTION.WEL: WEAP/MODFLOW conformal well file with the optimal
groundwater management.

OPT_WellDrawdown.csvlemporal cells drawdown values of the active wells of
the optimal solution,

OPT_WellHeads.csviemporal cells head values of the active wells of the optimal
solution,

OPT_WELLS_DISPLAY.csvTemporal abstraction values of the active wells of
the optimal solution,

REF_WELLS _DISPLAY.csvTemporal abstraction values of the active wells of
the reference scenario.

Global_Output_file.txt: Outpuext file summarizing the principal inputs and
results.

Appendix 2: Formats of files created by ALL_WATER_gw
Summary file

" Database_Opt_MF.tt - Bloc-notes E=H EoE ™

Fichier Edition Format Affichage 7

¥ Summary data Tile created by ALL_wWATER_gw after reading the Tinkage shape file. (1770420110, ,

I [p |

Ln 1l Col 1

Figure 48: Standard structure of the Database.txt file.

Line 1: Number of demand sites

Line 2: Number of water sources, ground water node
Line 3: Number of water sources, well
Line 4: Number of transfer Link

Line 5: Simulation period (Year)

Line 6: Start year

Line 7: End Year

Line 8: Start year of the optimization
Line 9: Number of time step by year
Line 10: WEAP Tine Unit

Line 11: MODFLOW time unit

Line 12: ID of the Reference scenario
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« Demand sitefile

For each demand site i (Eg. Dom_Arram)
For each time step |
Water demand (i, j) Acceptable Salinity (d,j) Demand Priority(i)
" input DemandeSites_Opt.t - Bloc-notes =REay | l.

Fichier Edition Format Affichage 7
# Demand sites file created by ALL_WATER_gw when reading the likage shape file. (170420113, 4

demand_o1
50005 1.5 1
50005 1.5 1
50005 oy 1
50005 1D 1
50005 A 1 =
50005 1.5 1
50005 SR 1
50005 Ly 1
50005 1.5 1
50005 1.5 1
50005 Ty 1
490309 L 1 -

4 [

Lnl Col 1

Figure 49: Standard structure of the Input_DemandSites_Opt.txt file.

* Transmission linksfile
For each water source s (MF_R_MF_C)
Groundwater node
For each demand site i

Demand site (i)

Maximal supply (s, i) Maximal supply Percent of demand(s,i) Loss(s,i)

For each time step (t)

Capital Cost(t) Variable Operating Cost(t) Fixed Operating(§ost

| Input_Links_Opt_MF tet - Bloc-notes =aiE
Fichier Edition Format Affichage ?

# Transmission 1inks file created by aLlL_waTER_gw after reading the 1inkage shape file. (1770420110, .
2.2 =l

w_ 01
emand_ol
100 4] 0
0 0 0
0 4] 0
0 o] 0
0 4] 0
0 4] 0
0 4] 0
[l il 0o |
0 0 0 =
0 0] 4]
4] 4] 4]
0 o} 4]
0 o] 4]
10_10
w_02
emand_ol
100 o] 0
0 4] 0
0 4] 4]
0 o] 4]
0 o] 4]
0 o] 0
0 o} o]
0 o} 0 o
4 }

Lnl, Col 1

Figure 50: Standard structure of the Input_Links.txt file.
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* Water sourcefile

For each water source s (MF_R_MF_C)
Source (S)
Maximal pumping rate (s) Water quality(s)
For each time step (t)

Capital Cost(t) Variable Operating Cost(t) Fixed Operating(§ost

| Input_WaterSources_Gpt ME.tut - Bloc-notes |_|:I E@
Fichier Edition Format Affichage 7
# water sources file created by aLL_waTER_gw after reading the Tinkage shape f1le. (1770420110, .
2_2 S
gw_01

1.5E+08 1

0 0 1

4] Q 1

0 Q 1

o] 0 1

4] Q 1

0 0 1

0 Q 1

o] 0 1

4] Q 1

0 Q 1

0 0 il -
0 Q 1 E
1010
gw_02

1. 5E+08 2

o] Q 2

4] Q 2

0 Q 2

0 e} 2

Q Q 2

4] Q 2

4] 0 2

0 0 2

o] Q 2

4] Q 2

4] 4] 2

0 ] 2 -
4 il b

Lnl, Col 1

Figure 51: Standard structure of the Input_WaterSources_Opt_MF.txt file.

Appendix 3: Formulation of the optimization problem
Objectives functions

The fist objective of this problem is to satisfy the water dednaf demand sited” at every
time step t” in the optimization period. This objective can be expressed bsnihienization
of the function fpg’ presented in next equation:

NSEI’\BX
fos =Max ( > Fy(sed,t) - D(d,1))/ D(d,t)} d=1,..., NDnaxand t=At, .., Trnax

se=l

Where ‘Fp(se, d, t)”is the abstraction from water source “se” to desnsite “d” at time step
“t7; “D(d, t)” is the water demand of the demand site “d” at tstep “t”; “NDnax IS the
maximal number of demand sites in the WEAP Aré€B;ax is the last time step in the
optimization period; At” is the time step.

The drawdown objective function evaluates the nsdatirawdown of the water head in the
respective cells of the active wells, over the mptation period. The drawdown minimisation
objective can be expressed by the minimisationhef function fpp” presented in next
equation:
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DWDW(c) xVMaxDD(c) )
(Hi(c) - BOTM(c)) * 1 (c)

WhereDWDW(c)is the water drawdown in the celt”y VMaxDD(c)is the violation of the
maximal drawdown observed in the cadf;*Hi(c) is the initial head in the celt®; BOTM(c)
is the bottom of the cellc”; “1(c)” is the importance of the celt™and “Ny¢’ is the number
of the active cells.

fop = Max(

c=1, ..., N¢

The cost reduction objective function evaluatesaWerage unit cost of water abstracted from
water sources to demand sites over the optimizgigsiod. This objective can be reached by
the minimisation of the functiorf&” presented in the next equation:

(2 (D Fo(sed,t)x(VOlsed,t) +VOSset)) + FOl(sed,t) +CClsed, ) + CCEset) + FOgset))

Tmax NSEnax N Dmax
f= t=t] sel d=l
c =

Tmax N S EraxNDimax

YOS SRy (sed, ) XT,eX (CMax$ CMax)

t=At seil d=1

Where VOL(se, d, t)is the variable operating cost of the transmisdiok between source
“se¢ and demand sited” at time step t”; “VOS(se, t)the variable operating cost of source
“sé at time step t”; “FOL(se, d, t) the fixed operating cost of the transmission Ib&ween
source $€¢ and demand sited” at time step t”; “CCL(se, d, ) the capital cost of the
transmission link between sourcee”to demand sited” at time step t”; “CCS(se, t)the
capital cost of sources¥ at time step t”; “FOS(se, f) the fixed operating cost of source
“sé at time step t7; “CMaxS is the maximal variable operating cost of wateurges;
“CMaxL’ is the maximal variable operating cost of transsion links.

The objective function evaluating the water qualgycomputed by the next equation. The
quality satisfaction can be reached by the minitrasaof the function fy".

ty(d,t) —Qa(d,t
f,, = Max( I Q;(d%( ) d=1,..., Nmax and  t=Tacy.., Trax (&)
Where ‘Qty(d, t)” is the water salinity in demand sitd”“at time step t” and “Qa(d, t)” is
the acceptable water salinity in the demand sltat time step t”.

Constraints

The maximal supply capacity from water sours® “to demand sitesd” is considered
hydraulic constraints, expressed by the equations:

F,(sed,t)<F, D(sed) Use[ldandUt
The maximal water abstractions from well constgutee second hydraulic constraint.

Q(w, 1) < Qi (W)
Where ‘Q(w, t)” is the abstraction from wellw” at time step t’ and “Qma{W)” is the
maximal acceptable abstraction from the wefl.”

The maximal acceptable drawdown in each of the wsald is other constraints that have to
be respected by any optimal solution.

DD(w,t) < DD, (W)

Where ‘DD(w,t)” is the drawdown in wellW’ at time step t’ and “DDmax(w)” is the
maximal acceptable drawdown in well’™
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