
t^qbo=hkltibadb

t^pv=t^pv=dÉëÉääëÅÜ~ÑídÉëÉääëÅÜ~Ñí ÑÑΩΩêê ï~ëëÉêïáêíëÅÜ~ÑíäáÅÜÉï~ëëÉêïáêíëÅÜ~ÑíäáÅÜÉ mä~åìåÖmä~åìåÖ ìåÇ=ìåÇ=póëíÉãÑçêëÅÜìåÖpóëíÉãÑçêëÅÜìåÖ ãÄeãÄe

léíáãáòÉÇ=dêçìåÇï~íÉê=
j~å~ÖÉãÉåí

pK=h~ÇÉå=Et^pvF
jK=dê~ìÉê EråáîK=páÉÖÉåF
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dêçìåÇï~íÉê=éêçÄäÉãë=~åÇ=
çéíáãáò~íáçå=EÉñ~ãéäÉëF

fãéçêí~åí=êÉëçìêÅÉ=Ñçê=ï~íÉê=ëìééäó=~åÇ=ÅçãéçåÉåí=çÑ=~èì~íáÅ=
ÉåîáêçåãÉåí=Ó ÉåÇ~åÖÉêÉÇ=ÇìÉ=íç=ÇÉéäÉíáçå=~åÇ=éçääìíáçå

jáåáãáòáåÖ=Åçëí=çÑ=ê~ï=ï~íÉê=Éñíê~Åíáçå=~åÇ=íêÉ~íãÉåí
jáåáãáòáåÖ=áãé~Åí=çÑ=ÖêçìåÇï~íÉê=Éñíê~Åíáçå=çå=ÉåîáêçåãÉåí=Eëí~ÄäÉ=
ÖêçìåÇï~íÉê=ëóëíÉã=áå=ÉÅçäçÖáÅ~ä=î~äì~ÄäÉ=~êÉ~ëF
jáåáãáòáåÖ=Åçëí=~åÇ=ã~ñáãáòáåÖ=ÉÑÑÉÅíë=çÑ=éçääìíáçå=éêçíÉÅíáçå=~åÇ=
êÉãÉÇá~íáçå

fãé~Åí=çå=éêçéÉêíáÉë=EÜáÖÜ=ÖêçìåÇï~íÉê=í~ÄäÉF

jáåáãáòáåÖ=Åçëí=çÑ=ÖêçìåÇï~íÉê=ïáíÜÇê~ï~ä
jáåáãáòáåÖ=Ç~ã~ÖÉë=ÇìÉ=íç=ÖêçìåÇï~íÉê=í~ÄäÉ=êáëÉ



3`pj`pj……MQ=SKMQ=SKJJUK=pÉéíÉãÄÉê=OMMQUK=pÉéíÉãÄÉê=OMMQ

University of
Siegen

dêçìåÇï~íÉê=éêçÄäÉãë=~åÇ=
çéíáãáò~íáçå=EÉñ~ãéäÉëF

dêçìåÇï~íÉê=ãçÇÉäáåÖ

PJÇáãÉåëáçå~ä=áå=~=ÜÉíÉêçÖÉåÉçìë=ëìÄëçáä=ëóëíÉã
qê~åëáÉåí=ìé=íç=NMM=óÉ~êë=~åÇ=ãçêÉ=EêÉãÉÇá~íáçå=çÑ=éçääìíÉÇ=~èìáÑÉêëF
cáåáíÉJÉäÉãÉåíJãçÇÉäë=ïáíÜ=ìé=íç=N=jáçK=ÉäÉãÉåíë

léíáãáò~íáçå

i~êÖÉ=éêçÄäÉã=ëáòÉ=Eìé=íç=ÜìåÇêÉÇë=çÑ=î~êá~ÄäÉëF
qê~åëáÉåí=EíÜçìë~åÇë=çÑ=íáãÉ=ëíÉéëF

tÜ~í=íç=Çç\
⇒ páãéäáÑáÅ~íáçå=~åÇ=ÇçïåëáòáåÖ

EãçÇÉä=L=éêçÄäÉã=êÉÇìÅíáçåF
⇒ m~ê~ääÉä=L=ÅäìëíÉê=ÅçãéìíáåÖ=L

dofaJÅçãéìíáåÖ
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mê~ÅíáÅ~ä=Éñ~ãéäÉ=Ó
_áåëÜÉáãÉê cÉäÇ

páíì~íÉÇ=~í=íÜÉ=içïÉê=iÉÑí=
oÜáåÉI=ïÉëíÉêå=é~êí=çÑ==íÜÉ=
kçêíÜJoÜáåÉJtÉëíéÜ~äá~=Åç~ä=
ãáåáåÖ=~êÉ~
pìÄëáÇÉåÅÉ=Å~ìëÉÇ=Äó=~ÅíáîÉ=
ãáåáåÖ
oáîÉê=oÜáåÉ=áë=íÜÉ=Ççãáå~íáåÖ=
ÄçìåÇ~êó=ÅçåÇáíáçå
kìãÉêçìë=ÖêçìåÇï~íÉê=
éìãéë=éêÉîÉåí=ëìêÑ~ÅÉ=ï~íÉê=
äçÖÖáåÖ
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lÄàÉÅíáîÉ

léíáãáò~íáçå=çÑ=éìãé=Åçåíêçä=Ñçê=
Çê~áå~ÖÉ=ãÉ~ëìêÉ=~í=_áåëÜÉáãÉê cÉäÇ
`çåëíê~áåíëW=ã~áåí~áå=~=ÇÉéíÜ=çÑ=
ÖêçìåÇï~íÉê=í~ÄäÉ=çÑ=N=ã=ÄÉäçï=ëìêÑ~ÅÉ=
~í=NM=ÅêáíáÅ~ä=éçáåíë
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mìãé=Åçåíêçä

`çåëáÇÉêáåÖ=P=éìãéáåÖ=
ëí~íáçåë
b~ÅÜ=éìãéáåÖ=ëí~íáçå=áë=
ÅçåíêçääÉÇ=Äó=~=Åçåíêçä=
çÄëÉêî~íáçå=
b~ÅÜ=éìãéáåÖ=ëí~íáçå=
Åçåëáëíë=çÑ=ãçêÉ=íÜ~å=çåÉ=
éìãéK
mìãéáåÖ=ëí~íáçå=Åçåíêçä

ëí~íáÅ=Eçå=L=çÑÑF
Åçåíáåìçìëäó=î~êá~ÄäÉ
jáñÉÇ Åçåíêçä=î~êá~ÄäÉë

bñíê~ÅíáåÖ=~=ãáåáãìã=
~ãçìåí=çÑ=ï~íÉê=Ñçê=ÇêáåâáåÖ=
ï~íÉê=ëìééäó

Off1
On1

Off3

Pumping station

Switch level

Groundwater level

Off2
On2

On3 Off4
On4

Constraint
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mêçÄäÉã=ÇÉÑáåáíáçå

dç~äW=ãáåáãáò~íáçå=çÑ=
çéÉê~íáçå~ä=Åçëí=Ñçê=éìãéë=
ã~áåí~áåáåÖ=~=ÖáîÉå=ÇÉéíÜ=íç=
ï~íÉê=äÉîÉä
aÉÅáëáçå=î~êá~ÄäÉëW=ëïáíÅÜ=
äÉîÉäë=Ñçê=éìãéë
`çåëíê~áåíëW=ìééÉê=äÉîÉäë=çÑ=
ÖêçìåÇï~íÉê=í~ÄäÉ=~í=ÅêáíáÅ~ä=
éçáåíë
lÄàÉÅíáîÉ=ÑìåÅíáçåW

lîÉê~ää=éìãé=Å~é~Åáíó
léÉê~íáçå~ä=Åçëí=ÑáñÉÇ=
Åçåíê~Åí=EãçÇÉ=çÑ=é~óãÉåíF
léÉê~íáçå~ä=Åçëí=~Ç~éíáîÉ=
Åçåíê~Åí

Off1
On1

Off3

Pumping station

Switch level

Groundwater level

Off2
On2

On3 Off4
On4

Constraint
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qççäë

qê~åëáÉåí=ÖêçìåÇï~íÉê=Ñäçï=ãçÇÉä=
cbcilt∆

léíáãáò~íáçå=ëçÑíï~êÉ=léqáu∆

mìãé=Åçåíêçä=ÇÉëÅêáéíáçå=~åÇ=áåíÉêÑ~ÅáåÖ=
ÄÉíïÉÉå=cbcilt=~åÇ=léqáu ìëáåÖ=
cbcilt…ë áåíÉêå~ä=éêçÖê~ã=áåíÉêÑ~ÅÉ=
Å~ääÉÇ=fåíÉêÑ~ÅÉ=j~å~ÖÉê=EfcjF
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9

FEFLOW®

Sophisticated Finite Element Model for Simulating 
Density-Dependent, Variably-Saturated Groundwater Flow with 
Mass and Heat Transport

qççäë
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qççäë
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qççäë

P
ro

bl
em

 d
es
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ti
on

Middleware (PVM/MPI,CORBA)

Network of workstations / PC´s

Optimization léqáu
pçÑíï~êÉ=ëóëíÉã=Ñçê=
çéíáãáò~íáçå=çå=~=
åÉíïçêâ=çÑ=ïçêâëí~íáçåë=L=
m`…ë
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qççäë

fcj
FEFLOW Simulator

 Flow Simulation

 PreSimulation()

 PreTimeStep()

 PreFlowSimulation()

 PostFlowSimulation()

 PreMassSimulation()

 PostMassSimulation()

 Mass Simulation

 Heat Simulation

 PreHeatSimulation()

 PostHeatSimulation()

 PostTimeStep()

 PostSimulation()

t = t +1

External Module

≈

≈

≈

≈

t = 0
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qççä=áåíÉê~Åíáçå

FEFLOW

2. Simulation run

1.1. Start simulationStart simulation

3. Return simulationReturn simulation
resultsresults In

te
rf
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e 

M
an

ag
em

en
t

Middleware (PVM/MPI,CORBA)

Network of workstations

Optimization
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qççäë

qê~åëáÉåí=Oa=ÖêçìåÇ=
ï~íÉê=Ñäçï=ãçÇÉä=ìëáåÖ=
cbcilt

qê~åëáÉåí=ÖêçìåÇï~íÉê=
êÉÅÜ~êÖÉ
qê~åëáÉåí=ëìêÑ~ÅÉ=ï~íÉê=
äÉîÉäë
qê~åëáÉåí==éìãé=ê~íÉ
i~åÇ=ëìÄëáÇÉåÅÉ=Å~ìëÉÇ=Äó=
ãáåáåÖ
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qççäë

mìãé=Åçåíêçä=ÇÉëÅêáéíáçå=
ìëáåÖ=cbcilt…ë fåíÉêÑ~ÅÉ=
j~å~ÖÉê=EfcjF

dÉííáåÖ=ï~íÉê=äÉîÉäë=~í=
Åçåíêçä=çÄëÉêî~íáçå=éçáåíë
`~äÅìä~íáåÖ=êÉëìäíáåÖ=éìãé=
ê~íÉ
pÉíë=éìãé=ê~íÉ=áå=cbcilt=
ãçÇÉä
`çåíêçä=çÑ=ï~íÉê=äÉîÉä=~í=
ÅêáíáÅ~ä=éçáåíë

Off1
On1

Off3
Off2

On2

On3 Off4
On4

Pumping station

Switch level

Groundwater level

Constraint
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léíáãáò~íáçå=ëçÑíï~êÉ=léqáu
J aáëíêáÄìíÉÇ=mçäóíçéÉ ^äÖçêáíÜã

`~äÅìä~íÉ=ëí~êíáåÖ=éçäóíçéÉ
√m~ê~ääÉä=ê~åÇçã=ÖÉåÉê~íáçå=çÑ=ë=
éçáåíë=çå=é=Üçëíë
√m~ê~ääÉä=Äáå~êó=ëÉ~êÅÜ=Ñçê=
êÉé~áêáåÖ=áåÑÉ~ëáÄäÉ=éçáåíë

bñéäçê~íáçå=çÑ=ëÉ~êÅÜ=ëé~ÅÉ
√m~ê~ääÉä=äJÑçäÇ=êÉÑäÉÅíáçåL=
Åçåíê~Åíáçå=çÑ=É éçáåíë=çå=
ïÉáÖÜíÉÇ=ÅÉåíÉê=çÑ=Öê~îáíó
√m~ê~ääÉä=êÉé~áê

qÉêãáå~íáçå
√m~ê~ääÉä=äçÅ~ä=ëÉ~êÅÜ=
√kç=êÉé~áê=çÑ=áåÑÉ~ëáÄäÉ=éçáåíëParallel Local Search

Termination
Starting Point

Parallel Search and Repair

Exploration

Starting 
Polytope

Parallel Generation and Repair

Initialisation
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aÉÑáåáíáçå=çÑ=çéÉê~íáçå~ä=Åçëí

Åçëí=Z=
ÑNEÅNIîNIéNIêNFHÑOEÅOIîOIéOIêOFHÑPEÅPIîPIéPIêPF

cáñÉÇ=Åçåíê~Åí
^Ç~éíáîÉ=Åçåíê~ÅíW

Ñáêëí=óÉ~ê=áë=ÖáîÉåI=Ñçê=ÑçääçïáåÖ=óÉ~êë=Å~äÅìä~íáåÖ=ã~ñK=ê~íÉ=Ñçê=
åÉï=Åçåíê~Åí=ìëáåÖW
ã~ñéçïÉê é=Z=Åçåëìãéíáçå=Ñáêëí=óÉ~ê=L=êÉäK=ãáåáãìã=~ãçìåí
EáKÉK=ãáåáãìã=~ãçìåí=Ñçê=ÑçääçïáåÖ=óÉ~êë=áë=Éñ~Åíäó=
Åçåëìãéíáçå=çÑ=Ñáêëí=óÉ~êF

ÅW=ÉåÉêÖó=Åçëíë
îW=ÉåÉêÖó=éÉê=éìãé=ê~íÉ
éW=~ääçïÉÇ=ã~ñáãìã=ê~íÉ
êW=êÉä~íáîÉ=ãáåáãìã=~ãçìåí=çÑ=ÉåÉêÖó=Åçåëìãéíáçå
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oÉëìäíë=Ó çéÉê~íáçå~ä=Åçëí
kçêã~äáòÉÇ=êÉëìäíë=çÑ=íÜÉ=î~êáçìë=çéíáãáò~íáçå=~ééêç~ÅÜÉëI=í~âáåÖ=çîÉê~ää=
éìãé=Å~é~Åáíó=~åÇ=íÜÉ=Åçëíë=áåíç=ÅçåëáÇÉê~íáçåK

89.489.7106.4Optimization of 
cost

96.3100.1101.6Optimization of 
overall pump 
capacity

109.7100.0100Historical 
approach 
(Realized pump 
control)

Cost for adaptive 
contract 

[%] 
(100 % means:
equivalent to cost
of fixed contract,
historical approach)

Cost for fixed contract 
[%]

Pump
Capacity
[%]
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oÉëìäíë=Ó ÇÉéíÜ=íç=ï~íÉê=í~ÄäÉ

aÉéíÜ=íç=ï~íÉê=í~ÄäÉ=~í=çÄëÉêî~íáçå=éçáåí=SI=í~âáåÖ=î~êáçìë=
í~êÖÉí=ÑìåÅíáçåë=áåíç=ÅçåëáÇÉê~íáçå
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oÉëìäíë=Ó çéÉê~íáçå~ä=Åçëí

`çãéçëáíáçå=çÑ=Åçëíë=Ó Åçãé~êáëçå=ÄÉíïÉÉå=ÜáëíçêáÅ~ä=~åÇ=
ÅçëíJçéíáãáòÉÇ=ëçäìíáçåI=~Ç~éíáîÉ=Åçåíê~Åí

`Ü~åÖÉë=áå=ã~àçê=äç~Ç=ëáíì~íáçå=Ñêçã=ëí~íáçå=N=íç=O
léíáãìã=ìíáäáò~íáçå=çÑ=íÜÉ=ëí~íáçå=ïáíÜ=ã~áå=äç~Ç

maxpower unutilised expenses excess charges
(normalised) (normalised) (normalised)

station hist opt cost hist opt cost hist opt cost
1 1,00 0,36 1,000 0,907 0,266 0,637
2 0,38 0,99 1,001 0,000 0,203 0,004
3 0,08 0,19 0,301 0,018 0,044 0,093



21`pj`pj……MQ=SKMQ=SKJJUK=pÉéíÉãÄÉê=OMMQUK=pÉéíÉãÄÉê=OMMQ

University of
Siegen

`çãéìíáåÖ=Çìê~íáçå=
tçêâëí~íáçåJmççä=Eã~ñK=NS=mQI=NKUdeòFW
~ééêçñK=NPJNT=Üçìêë
léíÉêçå ëáåÖäÉ `mrW=~ééêçñK=PM=Üçìêë
`äìëíÉê=Eã~ñK=ORS=léíÉêçåI=OdeòFW
~ééêçñK=RM=ãáåìíÉë ìëáåÖ SQ=`mrë
aìê~íáçå Ñçê çåÉ ãçÇÉä Å~ääW

mQW=TJNM=ãáåìíÉë
léíÉêçåW=OJP=ãáåìíÉë EïáíÜçìí êÉÅçãéáäáåÖF
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Groundwater Problem (Binsheim, 22 variables)
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Groundwater Problem (Binsheim, 22 variables)
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lìíäççâ

pÉåëáíáîáíó=çÑ=ÉÑÑÉÅíë=Ñêçã=ÉñéÉêáÉåÅÉJ
Ö~íÜÉêáåÖ=éÜ~ëÉ
`çåëáÇÉê~íáçå=çÑ=~=ïáÇÉê=íáãÉÑê~ãÉ=
^å~äóëáë=çÑ=ïçêëíJÅ~ëÉ=ëÅÉå~êáçë
`çåëáÇÉê~íáçå=çÑ=~=ïáÇÉê=~êÉ~=çÑ=áåíÉêÉëí=áåÅäK=
ÅçåëáÇÉê~íáçå=çÑ=~ÇÇáíáçå~ä=éìãéáåÖ=ëí~íáçåë
^ééäáÅ~íáçå=Ñçê=ÇáÑÑÉêÉåí=çéíáãáò~íáçå=í~ëâë=
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qÜ~åâ=vçì>


