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Water availability along the Albert Canal
In relation to the Meuse discharge

Patrick Willems, Hydraulics & Geotechnics Section, KU Leuven
based on studies for VRAG, De Vlaamse Waterweg and stakeholders



Drinking water supply in Flanders, based on Meuse water

40% of drinking water supply in Flanders is based on intake of Meuse water at Albertkanaal & Netekanaal
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Meuse discharge at Monsin, summer 2022
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Meuse discharge at Monsin, 2005-2019
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Maas te Sint-Pieter + Albertkanaal Kanne ——60 m3/s ——30m3/s



Albert Canal & Campine Canals

Water balance 13-22 Sept. 2019
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Albert Canal & Campine Canals

Water balance 13-22 Sept. 2019
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Albert Canal & Campine Canals

Water balance 13-22 Sept. 2019

Total-water demand:
1255 Mmd/year
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Total net wateruse
669 Mm3/year




Albert Canal & Campine Canals

Water balance 13-22 Sept. 2019

134 Mm3/year

Minimal flow to the Netherlands
by Zuid-Willemsvaart

125 Mm3/year

137 Mm3year ,Total net water use: ’

\\ 9 669 M m :i fy.eea r h T .

._:. . ‘1 73 Mm3/year

261 Mm?3/year Max intake from Meuse




Albert Canal & Campine Canals

Water balance 13-22 Sept. 2019: net water use (Mm3/year)

Wateraanbod Maas via ABK: 261

Wateraanbod Maas via Smeermaas en ZWV: 173

Neerslagafstroming: 29
Bedrijfslozingen uit niet-OW: 41

¥ RWZlI-lozingen: 29

Wateraanbod zoutsturing Kreekraksluizen: 134

Waterverbruik industrie: 163 chemie: 144

overige industrie: 19
Energie incl. raffinage: 3

Handel en diensten: 1

Land- en tuinbouw incl. viskweek: 21 B
Natuur: voeding natuurgebieden: 46

Natuur: voeding beken: 23

Recreatie: 10

Totale watervraag: 669
Leidingwaterproductie: 140

Schuttingen zeesluizen haven van Antwerpen: 137

Uitstroom via sluis Bocholt en ZWV: 125



Water balance model Albert Canal & Campine Canals

@ Kanaalpanden
+ Watergebruikers
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Neerslagafstroming

Loz'ngen/ Captaties*

Overstort ——>» ———— »  Overstort

Scheepvaart ——» ———» Scheepvaart*

Peilregulatie* ——» ——»  Peilregulatie

Aanbod

Vraag

Sluiten massabalans

*  Afhankelijk van aanbod




Water balance model Albert Canal & Campine Canals

Schipping model

kolk = leeg Initiele toestand kolk = leeg

e N Initiele toestand kolk = vol Initiéle toestand kolk = vol
richting = opwaarts richting = afwaarts e o
~ B richting = opwaarts richting: afwaarts
versast volume = volume kolk versast volume = volume kolk N _
+ volume schin/schepen volume schio/schepen versast volume = volume kolk versast volume = 0 - volume
: P P P P + volume schip/schepen schip/schepen



Water balance model Albert Canal & Campine Canals

Water shortage analysis

Waterbeschikbaarheid Albertkanaal en Kempische Kanalen
Waterbeschikbaarheid [Mm3/jaar]
| saargem 2005-2019| 13-22 sept 2019

Albertkanaal

Instroom uit Maas 630 26'! ? \vaa:tzargneabr:ﬂ(ia;ers
ABK pand 1 (= opwaarts sluizen Genk) 145 -jﬁ [ Neerslagafstroming
ABK pand 2 (= opwaarts sluizen Diepenbeek) 155 E.Z
ABK pand 3 (= opwaarts sluizen Hasselt) 160 E.4
ABK pand 4 (= opwaarts sluizen Kwaadmechelen-Ham) 56 I:-O
ABK pand 5 (= opwaarts sluizen Olen) 41 I:-G
ABK pand 6 (= opwaarts sluizen Wijnegem) 123 E!O
Haven van Antwerpen
Instroom zoutsturing Kreekraksluizen 1 134
Uitstroom naar Zeeschelde via zeesluizen 487 152
Rest uitstroom Haven -19 I] -14
Kanaal Briegden-Neerharen en Zuid-Willemsvaart
Instroom uit Maas 305
Kanaal Briegden-Neerharen (tussen sluizen van Lanaken en Neerharen) -1,2
Uitstroom naar Nederland via sluis Bocholt 1
Uitstroom naar Nederland via Zuid-Willemsvaart 300

Kanaal Bocholt-Herentals

KBH pand 1 (opwaarts sluis 1 te Lommel) 28,6 I:-
KBH pand 2 (opwaarts sluis 2 te Mol) 29,3 I:-
KBH pand 3 (opwaarts sluis 3 te Mol) 28,8 I:_

KBH pand 4 (opwaarts sluis 4 te Dessel) 9,5 3,7 D
KBH pand 5 (opwaarts sluis 5 te Dessel) 8,7 3,7 E




Reactive measures along Albert Canal in dry summers

Grouping of ships at locks Hydropower stations discontinued ~ Mobile pumps at locks

Intake of irrigation
canals closed for
50% or 80%

KU LEUVEN



Reactive assessment framework

: what to do in case of water scarcity during
extreme drought?

In case of imminent water scarcity
: which anticipatory measures ?

In case of effective water scarcity
: how to prioritize water use, taking into account socio-
economic and ecological impact?
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worked on for about a year

with active involvement of stakeholders

about 130 stakeholders from:

v Authorities: VMM, De Vlaamse Waterweg, Dep. MOW, Provincies, Polders en Wateringen,
Steden en Gemeenten, Crisisdiensten, Dep. Omgeving, Dep. Landbouw en Visserij, Agentschap

Natuur en Bos, Dep. EWI
Drinking water companies
Industry

Agriculture and horticulture
Nature sector

Shipping

Water and sewage companies
Advisory Councils

Care and health

Experts, research centers
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[ Drought and water scarcity indicators]
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Drought and water scarcity indicators
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DROUGHT and WATER SCARCITY INDICATORS

Provide real-time information about:
Is there an imminent danger of water scarcity (for 1 or more sectors)?

Is there effective water scarcity?

Example Albert Canal:
Meuse river discharge (water availability compared to the Meuse Water Treaty)
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[ Drought and water scarcity indicators]
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ASSESSING the WATER BALANCE

e per subcatchment and river or canal reach

* inreal time depending on drought and water availability
conditions

e N

- Vlaams Reactief Afwegingskader voor Waterschaarste ® Nl
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Waterverbruik industrie chemie -

overige industrie
Energie incl. raffinage
Handel en diensten

Land- en tuinbouw incl. viskweek =

Natuur: voeding natuurgebieden [

Wateraanbod Maas via ABK: 630 Natuur: voeding beken =
Recreatie

Leidingwaterproductie

Totale watervraag: 1,081
Neerslagafstroming

Lozingen Captaties*
Wateraanbod Maas via Smeermaas en ZWV: 305 Schuttingen zeesluizen haven van Antwerpen / f
Overstort ———» ——»  Overstort
Scheepvaart —» ———»  Scheepvaart*
Peilregulatie* ——» ——»  Peilregulatie
Neerslagafstroming: 52
M Aanbod
Bedrijfslozingen: 41
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Wateraanbod zoutsturing Kreekraksluizen: 1 *  Afhankelijk van aanbod




[ Drought and water scarcity indicators]
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POSSIBLE REACTIVE ACTIONS and MEASURES

Water supply extension or regulation measures

* adjust hydraulic control and/or pump stations and/or mobile pumps
e switch to other water sources

* create additional water sources

Water use reduction measures or actions

e shipping: group ships at locks, draft restrictions, ban on shipping

e all water consumers (industry, households, drinking water companies, agriculture,
nature, recreation, ...): abstraction limitation

e agriculture:irrigation limitation

for the use of tap water, surface water, phreatic groundwater; for reuse of effluent water



POSSIBLE REACTIVE ACTIONS and MEASURES

Water use reduction measures or actions (continuing)

e for salt concentration indicators along canals where reverse discharge management is
applied at sea locks: Stop reverse discharge management

e after cyano algae bloom notification: Ban on water abstraction for food and fodder crops
and livestock; water use not recommended for other applications

e after cyano algae bloom notification: No water recreation

e for water quality indicators or notification of botulism for recreational waters: No water
recreation



IMPACT ANALYSIS of ACTIONS and MEASURES

Impact assessment:
» Positive impact by reduced water shortages (via water balance)
> Positive impact by reduced consequences

* Economic consequences (e.g. company turnover, higher cost of switching to tap water
use)

* Social consequences (e.g. on company employment)

* Ecological consequences (e.g. loss of ecosystem services, reintroduction cost)

» Cost of measure (e.g. production loss due to irrigation limitation, cost of mobile pumps, economic
loss of navigation ban)

Prioritizing measures based on highest net benefit
So far: limited to direct, local costs & short-term damage

Ongoing: cascading effects of indirect costs and longer-term damage



Salt intrusion model Albert Canal
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Salt intrusion model: methodology

. . . . Wijnegem locks [8.85km)] Borgharen weir
Physics-informed machine learning method / - Brocchem watet inlet [15.45kn] gM wicht
Salt intrusion - aastnc
Antwerp & | /- ;/___ XY
« Model types tested: st D R ] . > > >
 Fine volume model flow & advection-dispersion Vierellock [18.9km) Gotzl":kj”'“km] Kame
eq u at I O n S N1 viaduct [0km] [ Notmeir-Walem water inlet Ale:lel;:
» Conceptual model 1 £
* Innovative approach: Physics-informed machine e . . Monsin |
i - ) ] > Lock complex with hydropower station 1
learning method for pollutant transport modelling in ===3 Extend of solute transport model Mene
surface waters
« Boundary conditions: P ~
* Fixed concentrations for Meuse water ==

 Inflow by density currents, i.e. sea locks with

Scheldt: h

Kanaal

Bertels, D., Willems, P. (2023), ‘Physics-informed machine learning method for modelling transport of a conservative pollutant in KU LEUVEN

surface water systems’, Journal of Hydrology, 619, 129354, 1-14




Salt intrusion model results

for summers 2019 & 2020:
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Salt intrusion model results

Validation for summer 2020

Chlorideconcentratie zomer 2020
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Impact of climate change scenarios
on low Meuse flows at Monsin
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Impact of climate change scenarios
on low Meuse flows at Monsin
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Impact of climate change scenarios
on low Meuse flows at Monsin
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Bertels, D., Willems, P. (2022), ‘Climate change impact on salinization of drinking water inlets along the Campine Canals, Belgium’,
Journal of Hydrology: Regional Studies, 42, 101129
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patrick.willems@kuleuven.be
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