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Introduction - Motivation

More than 35% world’s population live within 100 km of coast

Groundwater resources in these areas are an important source for

 domestic
e |ndustrial
« agricultural use

Deltaic areas are under stress due to
* climate change

* sSea-level rise
» decrease in fresh water availability
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Introaduction - Motivation

In low-lying deltaic areas, saline groundwater moves towards ground surface and
exfiltrate to surface water

lowering phreatic
groundwater due to
iland reclamation

Saline surface water affects:
« agricultural and industrial use
 drinking water production

Flushing: using freshwater diverted from rivers to remove saline surface water

Current saline-fresh water management strategies have to be reviewed,

and new sustainable strategies should be developed
» decreasing fresh water availability

 increasing surface water salinization
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S AN s

During dry periods: extra fresh water to polders
During wet periods: provide space for extra water from polders

Water levels in polders are maintained within a given margin so that
the groundwater levels in the polders are kept close to a target level
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With pressing Climate Change and SLR Scenarios

Salinization
» expected to increase due to (extreme) sea-level rise
Freshwater Availability

* expected to decrease due to decreasing precipitation and
increased consumption of upstream users

verschil in zoutvracht onderkant deklaag N
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Objectives of the control

Water Level
* Always

Water Quality
> When necessary

Use minimum freshwater
« Water is a scarce source / less pumping
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Model Predictive Control=optimization based control strateg

» Prediction of future process outputs
» Constraints of the system

* Optimization

« Keep the water level at target level
* Minimum effort and cost

Objective function Constraints Present and
future disturbances water levels
salt concentrations
discharges
Presentand ~ Pregent and Present and Present and
future setpoints future errors ey future Inputs future outputs
Optimization === |nternal model
Open logp
output

Future output

Controller
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Downstream water level hyy =-0.41m Cormn Cz = 40 m1/2/s
Downstream concentration Cout < 550 g/m3 _ S, =0.0001
Minimize the flushing discharge  Qjq ‘ ‘
Disturbance: s
1m

Saline Groundwater Exfiltration modelled

Control:
Manipulating the change of : Q& Qqush
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Real data from Schermer Polder
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Downstream water level hot =-0.41m
ReS u I t S Downstream concentration Cout < 550 g/m?3
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n
g/m3 m?3/s

0N IVIF

g/m3 Fixed
- 512.8 374.2
- 684.9 555.2
m 810.8 664.8
893.7 7147
Conclusion:

0.384
0.172
0.115
0.096

> Qflush
103 m?3

MPC

198.1

105.6
67.7
49.2

Fixed
365.2
163.4
109.2

91.6

MPC is effective tool for flushing operation

Up to 36% savings in freshwater use % pumping

2"qump
103 m3
Fixed Qflush qump
296.8 463.9 45.7 36.0
204.3 262.0 35.3 22.0
166.4 2079 38.0 19.9
1479 190.2 46.2 22.2
R T Y Y S
Ditch Bank Qarain
Qpush 7 Saain Qoump

EIEP

Ditch,Bank
—

-

(Next step: from this ditch to a network of a part of a polder)
(Other nutrients can alsobe controlled with the MPC scheme)
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