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Problematic

Water demand: 1500 m?3/d
Salinity: <1 g/L =—
Min. cost

‘ " :515- “H 1 $/m3
=H==0 1.2 g/L

max 50 m3/h

0.7 g/L
¥ max 10 m3/h

\ How much water has to be taken from each well ? j
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General Conceptual Model

WEAP

A 4

Demand
site nodes

Transmission
links

Groundwater S(se)

nodes /\

AN

D(d, t) & Qty(d)

FrhaxD(se,d) & Cost(se,d)

S(1)

Qty (se) & Vol(se)

MODFLOW

Wells ‘ }

\_

Max Abstraction(well)

¢

Max Drawdown(well)

®

/
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Objective

™

The main objective of this work was to

develop a multi-objective optimization

tool for groundwater management.

\_
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Problem formulation (1/4)

OBJECTIVES

Objective 1 :

Satisfy the water demands of the sites “d” at every time step “t”.

Objective 2 :

Minimize the maximal drawdown.

N
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Problem formulation (2/4)

Objective 3 :

Minimize the unit cost of water.

\_
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Problem formulation (3/4)

CONSTRAINTS

1. Water supply from each groundwater node to any demand site
must be lower than the maximal transmission link capacity.

2. Water abstraction from each well must be lower than the maximal
acceptable value.

3. Water drawdown in each well cell must be lower than the
maximal acceptable value.

4. Water quality supplied to each of the demand sites must be lower

kthan the maximal acceptable value. /
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Resolution methodology

™

Fitness
P, + P,

Fitness 2 = f_

—

\_

~ 1 Pux fos x (1+ MaxEQty) + p, x T, x(1+ MaxEQag)

1. Multi-objective 2. PARETO
Genetic Algorithm goptimality Concept

/
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Start year

Present

End year

WEAP - MODFLOW DSS

Historic MODFLOW model

MODFLOW simulation to
compute the cell heads

Future MODFLOW model

Abstractions
optimization
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/ALL_WATER_gw in the Framework\

WEAP - MODFLOW DSS

WEAP Model
—

| WEAP-MODFLOW

DSS

MODFLOW
Historic and
Future Models

ALL_WATER. gw

=L

MODFLOW
Model

M

Optimal

Abstractions

User:
Priorities - Constraints
ilons - Parameters

Outputs for
analyses

\_

[
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ALL WATER gw User interface

~

01-15-2012 18:04

Welcome for using the free ...

ALL WATER gw

Version: 1.2.1
START for Windows XP, Vista and Seven
Copyright : Dr. Issam NOUIRI
Inouir@yahoo fr
Tobeused: ( ‘With WEAP version 3.004 or later
(" As Stand alone application
\ This tool is supported by the BGR - ACSAD cooperation project /
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Read in the
WEAP Area

- .
%3 ALL WATER_gw - WEAP and MODFLOW In C=aas X

~1. WEAP Area

- Seltings

Name: |Opt_test_03_MF_2welsN

Read in the
Linkage and
the
MODFLOW
model

CilsersiissamyDocumentsiwWEAPR Areash,
Path:

= |
| Save Load

~2. Read in WEAP Area
Read |

Data of the WEAP Area arg read.

& With MODFLOW Model
Mame and Fath of the Linkage Shape File (*dbf) :

| Read I

‘C:\,Users\,issam\Documents\WEAP Areas\Opt_test_03__MF_2wells-INishapefilesyinkage. dif |

Marne and Path of the MODFLOWY Marme File (% mfn, * narm) ; . |Heaad

’19 st 03 ChilsershissarmiDocuments\WEAP Areas\Opt_test_03__MF_2wellsANMODFLOWA |

" Without MODFLOW Model

Data of the MODFLOW model are read. |

~4. Display Options

Study Area File Linkage Shape File ﬂ mzalion Scm
~—— —

~Inputs Summary

Summary of
the inputs

~-WEAP Area

Number of Water Sources :|I|
Number of Demand Sites :|I|
Number of Transmission Links :
Simulation Period (years):

WEAF Time Unit: MONTH

Current Scenario Scenario
Account Starting Year End Year
| 2000 | | 2003 | | 2003 |

Time Step per Year E

~MODFLOW Model

Number of Layers :

Number of Rows :|I|

Number of Columns :lIl
Number of Active Cells 360

Number of Stress Periods

MODFLOW Time Unit{  Days |

Length Unit :

Number of Active ‘Wells :

28/06/2012
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Objectives and
constraints

GA parameters

= ALL_WATER gw - Optimization - Area: Opt_2010_12 Test01 WEAP_3 wells - Perio§l 42005 - 2005 =) B e
5. Objectives and Constraints PARETO FRONT
—
Objectives Constraints 0.653
[+ Demand Satisfaction [+ Link Maximal Capacity N 0.560 I & & &
0.467
= = 1 0373 <
[+ Cost Reduction - D E 0280
L 0.187
i i =N 0.093
6. Genetic Algorithm Parameters b 0.000
0.000 0022 0.044 0.066 0.088 0.105 0.131 0153 0175 0.197
Maximal Numb f
Population Size |30 e Percentage of Elitism i‘so j
L . .
Archive Set Size100 hd Optimization Start Year| 2005 Clﬂr! B IV STE e YA Ew e i ]
i Unmet Demand ‘ | Drawdown Minimization ‘
.15

Objectives Weights

Demand Satisfaction Cost Reduction Drawdown Minimization
f b b
t t t

Objectives weig

1S

Stopping Parameters for lterations 0000
0.0000
Maximal Discrepancy {0 00 « - 0.0000
" . Graphs Displaying 0.0000
Allowed Number of teration Without - .
Improvement: 100 ~ ® Yes ™ No /) Ml A Minimsl
Minimal Accepteble Improvement: 0.001 ~ Average unit cost of water Discrepancy
Stop Optimization | 5 132
Progression ‘i i;; N
Number of lerations : Number of Optimal Solutions : 14 :D7 1:34 \\
52 115
Discrepancy : Execution Time (h:m:s): 77 056 AN
.61 0.77
n ] n n .46 0.57
he abstractions optimization is done. 31 038
.15 0.19
.00 0.00
A Minimsl A Minimsl
(o) e | ea|
——

Progression
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Statistics of the

optimal solutions

Choose a well

€ ALL_WATER gw - Overview - Area: Opt_test 03_MF_2wel..| = | = |3

~Note

e WITH MODFLOW MODEL
- Objectives Weights Constraints/Options ——
Demand Satisfaction 05 Link Maximal Capacity
Drawdown Minimisation 05 Drawdown Impact
Cost Reduction 05 Well Maximal Abstraction
Quality Satisfaction 05
- Statistics of the Optimal Solutions
Optimal Solution |Demand Satisfaction |Drawdown Minimization|C »
1 0.292 0.054| (=
2 0.299 0.055|
3 0.361 0.046
2 n 2R3 nnazl ~

~Solution & Priority Relationship -

(.-:"" 1: Demand Satisf and |
F2 - Cost iDrawdown Minimization i
Reduction
gg:’is?;;?:'}:‘ ¢ Solution 2 : Weighted Solution
Priority
. : Cost Reduction and
C Solution 8  Quality Satisfaction
0

F1 : Demand Satisfaction and Drawdown Minimization Priority

-8. Evaluation of the optimal solutions
Summary of Solution :

Evaluate Specific Solution l 1

Save Solution |

Demand Drawdown Cost Quality Awverage Unit Cost of
Satisfaction  Minimization Reduction Satisfaction ‘Water (U/m3)

1.422 ‘

| 0.292 || 0.054 H 0.711 H 0.038 | |

optimal solutio

=0 =0
PARETO FRONT
I
= 0.657
=} 0.563
55 & 0.470
8 35 0376 @ des
? R 0.282 o
a 55 o088
w =
Z% % 0.094
5 000
= 0.000 0.069 0.139 0208 0277 0447 0416 0485 0554 0624
(3-2-2)
—~ 1 ésom
g8 ==
2 8 1100.00
by e
BE 650.00
Lo 296 1 2 3 4 s 5 7 s s 10 1 2
Time step
Well : well_1
HEADS AND DRAWDOWNS
2100 120
[ | | | [ | I | ]
o M. I I T T i T I i 3% o
207.9
—_— 207.2
E 206.5 \
2058
3 = valuate ana sgve
-] 2044
203.0

1S

Well : well_1]

Proposed optimal solutions

28/06/2012
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Case study application

\_

9 groundwater nodes,

16 demand sites,

24 Transmission links,
Period: 1983 — 2015,
Monthly time step,
Optimization 2013-2015,

28/06/2012
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WEAP-MODFLOW model for Zeuss Koutine

W WEAP: ZEUSS_KOUTINE_2015_Jerba
Area Edit View Schematic General

Advanced Help

v d
[} Diversion

[ |a Reservoir

[vm Groundwater (9)

Vi@ Other Supply (2)

|v @ Demand Site (16)
Catchment (2)

[v}- Runoff/Infiltration (2)

[v}— Transmission Link (24)
‘\Wastewater Treatment Ple
[v— Return Flow (8)

[ JsmPRun of River Hydro

[ 4 Flow Requirement

[l Streamflow Gauge

| [ WellName

[ ZEUSS_KOUTINE_2015
4 Outline

[ Catchment

Drains

| [ Recharge

Wells

v Zeuss Area

WEAP:3.0004 | Area: ZEUSS_KOUTINE_2015_Jerba | 1982-2015 (monthly)

Schematic View  Licensed to: Issam NOUIRI, Ecole supérieure agricole du Kef, Tunisia, until 11/26/2011
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Water Demand (not including loss, reuse and DSM)
Scenario: Reference, All months (12)

— Benguerdene
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Figure . Monthly water demand for domestic and touristic demand sites nodes.
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Simulation results

™

NODFLOW Cel Head

Layer. L, Row: 24, Column: 25
a _ _,_V.,_,Ja.w.\_‘“w
40 N ——— ~ - ~—
0 —
)
0
0

Jan Dec Dec Dec Dec Dec Dec Dec Dec Dec Dec Dec Dec Dec Dec Dec Dec Dec Dec Dec Dec Dec Dec Dec Dec Dec Dec Dec Dec Dec Dec Dec Dec Dec Dec
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/
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MODFLOW Cell Head
Year: 2015, Scenario: Reference, Layer: 1, month: December
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Optimization results

X e ol
Insert Page Layout Formulas Data Review View a e [SIE )
: = ] . © (5 | = split =)
u E ....... II:l_l I_GI Rule Formula Bar nY ﬁ E E E H?de al ) EEI %
Mormal| Page Page Break @ Custom Full Gridlines Headings Zoom 100% Zoomto Mew  Arrange Freeze - Save Switch Macros
Layout  Preview Views Screen Selection | Window  All  Panes~ vnk ndov Workspace Windows = =
Workbook Views Show Zoom Window Macros
c2 - £ 100 -
A B : L [«]
TIM| To_Medenine_From_GW To_Medenine_FromfiTo_Jerba_From_GW_ To_lerba_From_Sea_ TO_JEFF)E-_FF?ITT To_JerF)a-_Fr N To_Zarzis_From_GW To_Zar%is__Frme To_Zarzis_From_Sea_
VEAR STE| _Natural_Recharge _Bir_Mgarine Natural_Recharge Water_Desalinization Pesalinization _Desalinizatp _MNatural_Recharge _Desallnl?atlon Water_Desalinization
1 Jerba Jerba_2 Zarzis
350 2012 1 69.56378614 30.4362099 2 32.42934744 0 54.39842707 13.1722245 31.1327891 68.86721303 0
351 2012 2 65.81182804 34.18816995) 29.24707068 0 54.64164228 16.11128 64.50957091 35.09042909 0
352 2012 3 74.76522995 25.23477. 34.85917588 0 48.02946094 17.1113609 34,58709312 65.41290989 0
353 2012 4 78.6477613 21.3522418 21 45.0024624 0 41.80982712 13.1877045 27.92858535 72.07141261 0
354 2012 5 75.86939264 24.130607§6f 47.91620763 0 39.35309811 12.73069%7 27.55893405 72.44106595 0
355 2012 6 75.91931849 24.080682f3) 47.20722925 0 36.78207819 16.01069 39.23733005 60.76267384 0
356 2012 7 77.59989975 22.4001 73.42344703 0 16.44528726 10.1312643 37.57033135 62.42966516 0
357 2012 8 87.3832785 12.616724 58.48881142 0 31.13339029 10.37779¢7 47.53345041 52.46654959 0
358 2012 9 B84.79581245 15.2041908 3] 52.16181339 0 36.24676712 11.59141Q7 17.97978481 82.02021577 0
359 2012 10| 75.90326619 24,09673p4) 43.6698941 0 41.80982712 14.52027§3 50.20360483 49.79639517 0
360 2012 11 75.30048009 24.699523p6| 38.54712612 0 45.26466881 16.1832047 28.17208892 71.82790695 0
361 2012 12 72.35234704 27.6476514 34 39.81915207 0 42.38124742 17.79964 66.26861496 33.73138138 0
362 2013 1 80.75057918 19.245426F 2| 47.53249872 16.70470053 26.76134014  9.001461%3¢ 36.30235433 45.41928353 17.27836215
363 2013 2 82.84589016 17.1541084] 37.04579096 10.55092339 38.11384009 14.2844. 52.19198134 26.09668845 21.71133021
364 2013 3 76.21817751 23.78182289 25.4221647 18.58662758 40.49400162 15.49719%5 28.13905317 54.83607878 17.02486806
365 2013 4 71.3247059 28.675295] 34.54940041 17.09520145 38.15458637 10.2008147. 43.17804502 51.01730516 5.804652429
366 2013 5 79.11108606 20.883916) 42.39508061 8.935008945 36.5613964 12.1085141 39.99031635 32,1349205 27.87475874
367 2013 1] 88.40151109 11.59849 47.74330007 12.71008236 27.80234646 11.7436689 42.11795374 43.6511649 14.23087536
368 2013 — Sbebbdissid ikl ‘d‘ ibiebibinaiia i S —— S5wid
369 2013 8 77.76739436 22.23210086 63.74058918 6.088399743 20.12550836 10.04550105 56.21859392 32.31662166 11.4647885 E
370 2013 9 76.98911976 23.01088038 51.01454564 20.14191705 21.65849451 7.185034002 42.1585578 38.63004933 19.21139171
371 2013 10 76.75757672 23.2424229 52.37146106 14.11808666 21.16003175 12.35042741 30.6462997 55.58917968 13.7645191 E
WA w MI-)EMAND_F_R_ACT (=] o T T m [4 [ Il |ﬁm 4
Ready | [ @ 1003 (=) [} (1)

Figure. Overview of the “DEMAND_FRACT.csVv” file produced by

ALL_WATER gw.
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Average Cost of Water (per m'3)
Allmonths (12)

2.1 Il OPTIMIZATION
. Il Reference

201
1.9
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1.7
161
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141
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5121
8114
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091
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0.7
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041
031
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011

0.0+ ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' '
Jan Mar May Jul Sep Nov Jan Mar May Jul Sep Nov Jan Mar May Jul Sep Nov Jan Mar May Jul Sep Nov Jan Mar May Jul Sep Nov Jan Mar May Jul Sep Nov
2010 2010 2010 2010 2010 2010 2011 2011 2011 2011 2011 2011 2012 2012 2012 2012 2012 2012 2013 2013 2013 2013 2013 2013 2014 2014 2014 2014 2014 2014 2015 2015 2015 2015 2015 2015

Figure. Optimized and Reference “Average Cost of Water” (KWh per m3).
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MODFLOW Cell Head
Layer: 1, Row: 23, Column: 28
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1982 1982 1983 1984 1985 1986 1986 1987 1988 1989 1990 1991 1991 1992 1993 1994 1995 1996 1996 1997 1998 1999 2000 2001 2001 2002 2003 2004 2005 2006 2006 2007 2008 2009 2010 2011 2011 2012 2013 2014 2015

MODFLOW Cell Head
Layer: 1, Row: 23, Column: 30

oNn O ®

Jan Oct Aug Jun Apr Feb Dec Oct Aug Jun Apr Feb Dec Oct Aug Jun Apr Feb Dec Oct Aug Jun Apr Feb Dec Oct Aug Jun Apr Feb Dec Oct Aug Jun Apr Feb Dec Oct Aug Jun Apr
1982 1982 1983 1984 1985 1986 1986 1987 1988 1989 1990 1991 1991 1992 1993 1994 1995 1996 1996 1997 1998 1999 2000 2001 2001 2002 2003 2004 2005 2006 2006 2007 2008 2009 2010 2011 2011 2012 2013 2014 2015

OPTIMIZATION
Reference

OPTIMIZATION
Reference

Figure. Optimized and Reference cells heads of two piezometers.
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Summary & Conclusions

ALL WATER gw can be used in the framework of
WEAP-MODFLOW or as stand alone tool.

It considers the main objectives and constraints for
groundwater management,

For real groundwater, it was able to identify optimal
management solutions,

k ALL WATER gw is a free tool. /
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Merci
Thank You
Danke schon
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