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R&D projects

Well field optimisation

e Research grant from the Danish Strategic
Research Council, Sustainable Energy and
Environment Program (2007-2010)

Energy optimisation of well fields

e DANVA R&D project on energy savings in
the water sector (2008-2009)
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e Mathematical modelling

e Optimisation of well field operation

e Pump control

o Well field management and decision support system

Optimal control
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Well field management system - applications

Well field planning (off-line applications)
» Design/extension of well fields
» Change of pump configurations

Real-time control and optimisation of pump scheduling (on-line
applications)

Management objectives:

» Energy consumption

» Operation and maintenance
» Water quality

> Well field contamination

» Environmental impacts
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Well Field model

Core model:

« Groundwater model - MIKE SHE
« Pipe network model - EPANET

« Well model

Add-ons:

« Energy calculation module
« Control module

« Optimisation module

« Data assimilation
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Database: WellField, Bruger: mik

- 9 production wells

» 8 wells screened in
limestone aquifer

* 1 well screened in
upper quaternary
sandy aquifer

« Annual yield of 1.4
mill m3



Groundwater model 4
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Coupled model




Evaluation of pump scheduling

¢ All pump combinations ¢
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Energy saving
potential: 22%

[—
N =
S~
3
=
c
S
fd
Q.
S
=}
(7]
c
o]
(&)
>
1]
fos
()
c
(VH]

300 400
Pump rate [m3/h]




Evaluation of 2008 operation

Annual yield: 1.455.000 m3
Annual energy consumption: 267.000 kWh

¢ Allpump combinations
® Active during 2008
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Energy optimisation of 2008 operation

Annual Energy consumption: 249.000 kWh
Reduction compared to 2008 operation: 7 %

¢ All pump combinations

O Optimised operation

00
o

[e2]
o

—
£
S~
:
™
el
c
2
e
o
£
=]
[72)
c
o
[S)
>
bo
—
()
[ =
Ll

400
Pumprate [m3/h]




Summary energy optimisation analysis

Scenario Energy Reduction
consumption compared to
[KWh] 2008 operation
[%0]

Operation during 2008 267.000

Optimised operation with present 249.000 7
pumps

Optimised operation with new 192.000 - 25-28
pumps 200.000




Real-time control Hardhof water works, Zurich

® Production wells

xxx oxoox -Inﬁ]trationbasins L4 4 prOduction We”S

12 bank 7 bank * @ Infiltration wells

infiliation wells  inflatiop well slsihreal « 20.000 m3/ day
vl 18 extraction wells

along river

« 3 infiltration basins

« 12 infiltration wells

Contaminated
groundwater




Real-time optimisation

datadagi.mat alpha = 100 lambda = 16 maxgen = 110

gen 91-110
Non-dominated
history man
solution
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Optimised management
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Concluding remarks

e Integrated hydrological and hydraulic well field model developed
for management of groundwater well fields

e Real-time management system combining monitoring, modelling
and optimisation can significantly improve operations of well
fields

e Applications
» Energy optimisation Birkergd water works: Up to 28% energy
savings by changing to more energy efficient pumps and
optimising pump scheduling
» Hardhof water works: Real-time control provide optimal
solutions with better protection and less infiltration than
present operation.




Thank you for your attention

wellfield.dhigroup.com
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Well field optimisation

There is an urgent need for sustainable and efficient exploitation of the groundwater resources
of the world in order to ensure high quality drinking water in the future,

well field optimisation puts focus on optimising the operation of well fields to meet the
following criteria:

High water supply liability
High water quality

Low energy consumption
Low environmental impact

well field optimisation is a research project that introduces mathematical modelling of well fields
and combines with information from sensor networks within a management system to optimise
pump scheduling and water withdrawal,

The project includes the following developments:

e Mathematical models for simulation of the well field

e Water quality sensors which are placed directly in the wells for on-line detection of water
quality

e Hardware for pump control

e A well field management system which integrates the mathematical models of the well field
with the SCADA system at the waterworks into a real-time control and decision support
systemn

The developed tools will be tested and demonstrated at the S@ndersg well field in Denmark.

an overview of the project in danish can be found at Kildeplads optimering

well field optimisation ¢ Research project on optimal




