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Where is the Netherlands
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Drinking water in the Netherlands 
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Key figures
• Population 17 mio.

• Total production volume 1,126 mio. m3

• Network length                119.000 km

• Investments                     €431 mio.  

• NRW                                5,5 %

• Connected 99,9 %

Sources
Ground water            2/3 

Surface water           1/3

Treatment
Ground water: Aeration, filtration, softening

Surface water: Extensive treatment

Distribution No Chlorine
stephan.van.de.wetering@babantwater.nl



Introduction drinking water company 

Brabant Water
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BRABANT WATER N.V.
• 2,5 mio. inhabitants 

• 1,1 mio. connections

• 180,000 regional industries

• Annual production 176 mio. m3 water

• 30 treatment plants

• Groundwater as the main source

• No chlorine

• 18,000 km main distribution network

• Non Revenue Water 2.5%

• 800 Staff

• Annual turnover €200 mio.

Water use 31,7 USgal (120 l) per 

person per day

stephan.van.de.wetering@babantwater.nl

Province North-Brabant



Design metals: 

Iron and Manganese
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Typical source groundwater

6

Haaren Oirschot Vlierden Lith

Abstraction depth m-mV 142 - 200 175 - 205 135 - 210 19 - 60

pH pH 7,73 7,99 6,87 7,15

Iron µg/l 505 325 4300 7475

Manganese µg/l 40 20 200 1152

Ammonium mg/l 0,49 0,6 1,33 1,58

Calcium mg/l 42 31 62 101

Magnesium mg/l 3,5 6,1 11,8 8,1

Total hardness mmol/l 1,19 1,02 2,03 2,86

Bicarbonate mg/l 181 173 319 330

Nitrate mg/l <0,2 <0,2 <0,2 <0,2

Sulfate mg/l <1 <1 <1 42

Methane mg/l 0,49 280 4,2 0,70

Conductivity mS/m 26,15 25,25 51,65 57,5

Temperature ºC 12,6 12,9 13,8 11,2

stephan.van.de.wetering@babantwater.nl



Iron and Manganese in drinking

water

• Basic design parameters
– m2 filtration surface? 

– One ore two step treatment?

• Maintenance distribution

network

• Discolouration
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Typical treatment scheme 1
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Fe, NH4 Mn

removal

Removal

CH4, CO2, H2S

Introduction O2

General design rapid sand filtration
• Filtration rate 3 – 14 m/h

• Filter media           0,71 – 1,25 mm

• Surface area         25 – 30 m2

• Bed height 2,0 m

• Running times 35 – 200 hours

• Backwash speed  35 m/h

• Water loss 1,5 – 4 %

stephan.van.de.wetering@babantwater.nl



Removal

CH4, CO2, H2S

Introduction O2

Removal

Fe 

Removal CO2

Introduction O2

Removal

NH4 and Mn

Typical treatment scheme 2
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Iron and manganese removal

Depending on the water quality and treatment:

Fe(II) removal:
• Homogeneously Fe2+ + ¼O2 + 2½H2O → Fe(OH)3(s) + 2H+

• Heterogeneously S-OH0(s) + Fe2+ + ¼O2 + 1½H2O → S-OFe(III)(OH)2
0(s) + 2H+

• Biologically Fe2+ + ¼O2 + 2½H2O + Gallionella spp → Fe(OH)3(s) + 2H+ + biomass

• Or combined mechanism 

Mn(II) removal 
• Autocataltic 2Mn2+ + O2 + 2H2O → MnO2(s) + 4H+

Mn2+ + MnO2(s) → Mn2+MnO2(s)

10stephan.van.de.wetering@babantwater.nl



Treatment plant at Vlierden
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Build 2016

Abstraction Permit 4,5 mio. m3 / year

Capacity 900 m3/h

Storage    5000 m3

Process scheme

stephan.van.de.wetering@babantwater.nl



Treatment plant at Haaren
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Build 2011

Abstraction Permit 8 mio. m3 / year

Capacity 2000 m3/h

Storage                   11.000 m3

Process scheme



Iron in produced drinking water
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Comfort metal: Calcium

Central softening program of

Brabant Water
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Reasons for softening

• Environmental Benefits

• Financial benefits €20 or $ 25 /yr/ conn

• Aesthetics and Comfort

Something in your tea?

stephan.van.de.wetering@babantwater.nl 16



Softening policy

• WTP with hardness > 2,0 mmol/l must be softened

• If we soften, lower the hardness to 1,40 mmol/l

• Existing WTB with softening we lower the 

hardness to 1,4 mmol/l
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Deltaplan softening

• 6 new central softening plants

• Combined with renovation

• Investment: €110 million ($130 million)

• Start engineering 2011

• In operation 2018

Objective soft water for the customers

18stephan.van.de.wetering@babantwater.nl



Softening principle

Pellet softening
– Use of calcite as crystallization seed

– Fluidized bed (60 – 100 m/h)

– Cautic soda or milk of lime to drive crystallization

– Small footprint (but tall building)

– Easily usable sollid CaCO3 waste (pellets)

– Fully automated operation

19stephan.van.de.wetering@babantwater.nl



Softening building

20stephan.van.de.wetering@babantwater.nl



Typical treatment scheme
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Fe, NH4 Mn

removal

stephan.van.de.wetering@babantwater.nl
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Treatment with pellet softening

Ca removal

stephan.van.de.wetering@babantwater.nl



Pellet reactor

23stephan.van.de.wetering@babantwater.nl



Treatment plant at Loosbroek
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Build 1969, 2014 introduction softening

Abstraction Permit 8 mio. m3 year

Capacity 1750 m3/h

Storage                   12.000 m3        

Softening plant                Treatment plant

Process scheme

stephan.van.de.wetering@babantwater.nl



Total hardness 2010

stephan.van.de.wetering@babantwater.nl 25

 Thh < 1,43 mmol/l

 1,43 > Thh < 2 mmol/l

 Thh > 2,0 mmol/l



Hardheid drinkwater  2018

Totale hardness 2018

stephan.van.de.wetering@babantwater.nl 26

 Thh < 1,43 mmol/l

 1,43 > Thh < 2 mmol/l



Threat Chromium (VI)?

27stephan.van.de.wetering@babantwater.nl

Health risk based “recommendations” for Cr(VI)



Threat Chromium (VI)?
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There’s is an increase CrVI by dosing lime for softening

stephan.van.de.wetering@babantwater.nl



Health related metals

• Nickel

• Arsenic

29stephan.van.de.wetering@babantwater.nl



Nickel problems caused by

Over-fertilization

• Decreased pH leads to geochemical

processes

• Quality of groundwater changes. 

Acidification releases bounded nickel

• Nickel concentration at treatment plant 

Vierlingsbeek was increased

Vierlingsbeek

stephan.van.de.wetering@babantwater.nl 30



Nickel in groundwater wells
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Removal

CH4, CO2, H2S

Introduction O2

Removal

Fe, NH4, Mn, Ni 
Removal CO2

Introduction O2

Removal

Fe

Treatment plant at Vierlingsbeek

Marble

Marble

stephan.van.de.wetering@babantwater.nl 32



Nickel in drinking water (1)
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Nickel in drinking water (2)
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Managing the problem

Source substitution and/or blending

• Usage of groundwater wells with relative low nickel

concentration

• Mixing clear water of WTP Vierlingsbeek with clear water 

having low nickel concentration from WTP Son

stephan.van.de.wetering@babantwater.nl 35



Source substitution and/or blending
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Managing the problem

Research for a robuust Ni removal process
Phase 1 literature

- Nickel precipitates as Ni(OH)2 at pH 9 – 10,- useful in case of pellet reactor.

Phase 2 laboratory tests

- Caustic soda to raise the pH. At pH > 8,2, than nickel removed to < 20 ug/l.

- Nickel adsorbes to formed manganese oxide.

- Conditioning of groundwater with NaOH, to pH >8,2, is not useful for

Vierlingsbeek because of a reduced removal of aluminium.

Conclusion phase 2: 
The adsorption of nickel to the manganese oxide formed by 

demanganization is promising for nickel removal. 

stephan.van.de.wetering@babantwater.nl 37



Nickel removal from water

Demanganization?

Naturally in the first filtration step. 

Could we introduce an extra de-manganization in the

second filtration step?

Yes, we can !

It is possible to produce the extra manganese oxides 

by adding MnCl2. 

stephan.van.de.wetering@babantwater.nl 38



Morgan en Stumm (1964)

Graveland (1971)

Adsorption of manganese to manganese oxide

+ Ni2+ =Mn OH0 Mn
2
O Ni+ + H+

+ Mn2+ =Mn OH0 Mn
2
O Mn+ + H+

Contemporary: co-preciptation of nickel

Theory

stephan.van.de.wetering@babantwater.nl 39



Results dosing MnCl2
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Removal

CH4, CO2, H2S

Introduction O2

Removal

Fe, NH4, Mn 

and Ni

Removal CO2

Introduction O2

Removal

Fe

WTP Vierlingsbeek
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Removal

CH4, CO2, H2S

Introduction O2

Removal

Fe, NH4, Mn 

and Ni

Removal CO2

Introduction O2

Removal

Fe, Mn + Ni

WTP Vierlingsbeek

Dosing 0,5 Mn mg/l 

as MnCl2 sollution

stephan.van.de.wetering@babantwater.nl 42



Treatmentplant at Vierlingsbeek

43

Build 1965 (Closed 2015)

Abstraction Permit 8 mio. m3 year

Capacity 1200 m3/h

Storage                  3,600 m3

stephan.van.de.wetering@babantwater.nl



Summary

• Source protection is essential to prevent metal pollution

• Aeration- rapid sand filtration is the simplest and robuust method for

ground water treatment

• Pellet-softening is a Dutch innovation to remove calcium with small 

footprint

• Chemical preciptation with MnCl2 is a smart technique to remove nickel

• Follow research and developments drinking water standards water 

quality parameters

• Chromium VI

• Borium 

• Arsenic

• Nickel

44stephan.van.de.wetering@babantwater.nl



Arsenic

GROUNDWATER TREATMENT 

FOR ARSENIC REMOVAL

Paper No. 35-2

Arslan Ahmad

stephan.van.de.wetering@babantwater.nl 45



Thank you for your attention

Any question?

More information:

Stephan.van.de.wetering@brabantwater.nl
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