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Drlnklng water in the Netherlands

Key figures P gt 1
Population 17 mio. e
« Total production volume 1,126 mio. m3
* Network length 119.000 km
« Investments €431 mio. PR L
. NRW 5.5 % - w6
«  Connected 99,9 % waterQnet -
duneas . SR
Sources —
Ground water 2/3 3,
Surface water 1/3 i
Treatment

Ground water: Aeration, filtration, softening brabant Warter

Surface water: Extensive treatment

Distribution No Chlorine

stephan.van.de.wetering@babantwater.nl
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Introduction drinking water cOmpany
Brabant Water

BRABANT WATER N.V. Province North-Brabant
e 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 I) per
person per day

stephan.van.de.wetering@babantwater.nl
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Design metals:
Iron and Manganese

stephan.van.de.wetering@babantwater.nl
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Typical source groundwater

| | 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 Ho/l 505 325 4300 1475
Manganese ug/l 40 20 200 1152
Ammonium mg/l 0,49 0,6 1,33 1,58
Calcium mgl/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 °C 12,6 12,9 13,8 11,2

stephan.van.de.wetering@babantwater.nl
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lIron and Manganese in drinking
water

« Basic design parameters
— m? filtration surface?
— One ore two step treatment?

 Maintenance distribution
network

 Discolouration

Figure 1
Physical processes resulling in discolouration (Vreeburg, 2007)

4 . A

stephan.van.de.wetering@babantwater.nl
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General design rapid sand filtration

Filtration rate 3-14 m/h

Filter media 0,71 -1,25 mm Removal
Surface area 25 —30 m? CH,, CO,, H,S
Bed height 2.0m ‘ Introduction O,
Running times 35 — 200 hours ¢
Backwash speed 35 m/h
Water loss

Fe, NH, Mn
removal

abstraction well

stephan.van.de.wetering@babantwater.nl
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Removal
CH,, CO,, H,S
Introduction O,

L Spray aeration

Removal CO,
Introduction O,
Removal

Fe i
spray aeratio

pre-filter clear water storage

Removal
NH, and Mn

post-filter

abstraction well
clear water pump

stephan.van.de.wetering@babantwater.nl
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lIron and manganese removal
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Depending on the water quality and treatment:

Fe(ll) removal:

« Homogeneously Fe?* + 1,0, + 214H,0 — Fe(OH),(s) + 2H*

« Heterogeneously S-OH(s) + Fe?* + 140, + 1%H,0 — S-OFe(lI)(OH),0(s) + 2H*

« Biologically Fe2+ + Y40, + 2%H,0 + Gallionella spp — Fe(OH)4(S) + 2H* + biomass
* Or combined mechanism

Mn(Il) removal

Autocataltic 2Mn?* + O, + 2H,0 — MnO,(s) + 4H*
Mn2* + MnO,(S) — Mn2*MnO,(s)

stephan.van.de.wetering@babantwater.nl
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Treatment plant at Vlierden

Build 2016
Abstraction Permit 4,5 mio. m3/ year

Capacity 900 m3/h e 3
Storage 5000 m?3 F f}':i- e o

Process scheme

Ruwwaterleiding 1 Noord Q BOT Filter F-211 ¢
T-111 )
[+ < L
1
Qi
— Filter F-212
Wi ilter o
9 1
BOT
PPOO1  +— I
vm T-112 L5 )1
PP013 i
—— Filter F-213
L1
1
1
= Q 291 L1 FilterF214
Ruwwaterleiding 2 Zuid # ﬂ' =
Y

stephan.van.de.wetering@babantwater.nl
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Treatment plant at Haaren

Build 2011
Abstraction Permit 8 mio. m3/ year
Capacity 2000 m3/h
Storage 11.000 m3

Process scheme

| BOT1

BOT2

——— BOT 3 o1 Trgr

]

stephan.van.de.wetering@babantwater.nl
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Iron in produced drinking water

WHO 300 pg/l
Dutch Law 200 pg/l
Company standard 20 pg/l
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TREATMENT PLANTS

stephan.van.de.wetering@babantwater.nl 13
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water

WHO 300 pg/l
Dutch Law 50 pg/l
Company standard 10 pg/l

TREATMENT PLANTS

stephan.van.de.wetering@babantwater.nl 14
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Comfort metal: Calcium

Central softening program of
Brabant Water

stephan.van.de.wetering@babantwater.nl
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Reasons for softening

 Environmental Benefits
* Financial benefits €20 or $ 25 /yr/ conn
 Aesthetics and Comfort

stephan.van.de.wetering@babantwater.nl
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Softening policy

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

e |f we soften, lower the hardness to 1,40 mmol/l

« EXxisting 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

stephan.van.de.wetering@babantwater.nl
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Softening principle

' | | e
Pellet softening ]
— Use of calcite as crystallization seed 5 |
— Fluidized bed (60 — 100 m/h)

— Cautic soda or milk of lime to drive crystallization
— Small footprint (but tall building) _
— Easily usable sollid CaCO; waste (pellets) o ECL
— Fully automated operation : |
— |
|
| 10 l 7 Oé
L L-r 1100 L §

2828

stephan.van.de.wetering@babantwater.nl
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Softening building
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stephan.van.de.wetering@babantwater.nl
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Fe, NH; Mn
remoyal

pre-filter

abstraction well

stephan.van.de.wetering@babantwater.nl
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Fe, NH; Mn
Carry-over
remoyval
Removal
CH,, CO,, H,S
Introduction O,

clear water storage

pre-filter

KORREL
REACTOR

abstraction well

stephan.van.de.wetering@babantwater.nl
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Pellet reactor

stephan.van.de.wetering@babantwater.nl
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Treatment plant at Loosbroek

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
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Total hardness 2010
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Totale hardness 2018

B Thh < 1,43 mmol/I

"1,43 > Thh <2 mmol/I
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Threat Chromium (VI)?

V. -

Health risk based “recommendations” for Cr(VI)
CONTAMINANTS OF

EMERGING CONCERN
California Environmental Protection Agency
HEXAVALENT 3 Office of Environmental Public health goal: 0.02 pg/L Cr(VI)

(H RO Mlu M Health Hazard Assessment

D:J";:lf;l‘.\"l’(l’;‘{;&‘V]IUNMINHI ProTECTION EStlmated MCL: 0 07 I.Ig/L CI'(V|)

~="" DIVISION OF WATER SUPPLY AND GEOSCIENCE

* Federal Ministry
I of Health Target level: 0.3 ug/L Cr(VI)

7 \

m.

Provisional Guideline: 0.2ug/L Cr(VI)

YWP |

stephan.van.de.wetering@babantwater.nl
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Threat Chromium (VI)?

There’s is an increase CrV! by dosing lime for softening
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Total Cr(ug/L)

o
N
\

J—

o
o i
o [

Geonthard
Afvoer nafilter

Afvoer beluchting .
(mixed stream)

Afvoer voerfiltratie .

Afvoer Ontharding
Uitgaand reinwater

stephan.van.de.wetering@babantwater.nl
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Health related metals

* Nickel
 Arsenic

stephan.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
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Removal
CH,, CO,, H,S
Introduction O,

Pl spray aeration

Removal CO,

Removal
Introduction O,

spray aeratio

pre-filter clear water storage

Removal
Fe

post-filter |

abstraction well
clear water pump

stephan.van.de.wetering@babantwater.nl
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Nickel in drinking water (1)
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stephan.van.de.wetering@babantwater.nl



Wacer 2
Nickel in drinking water (2)

Legal level nickel decreased from 50 to 20 ug/l (2002)
Nickel in clear water would rise above the new legal level
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Managing the problem
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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
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Source substitution and/or blending

Source
substitution /
blending
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stephan.van.de.wetering@babantwater.nl



\A
e

i “P’

= wawater | TSNG el  gO)
Managing the problem

A

- —-—

Research for a robuust Ni removal process

Phase 1 literature
- Nickel precipitates as Ni(OH), 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/I.

- 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
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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 MnCl,,

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

Morgan en Stumm (1964)
Graveland (1971)

Adsorption of manganese to manganese oxide

—Mn—OH® + Mn* = —Mn,O—Mn* + H*

Contemporary: co-preciptation of nickel

—Mn—OH® + N2 = —MnO—Ni* + H

stephan.van.de.wetering@babantwater.nl
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Source
substitution /
blending

stephan.van.de.wetering@babantwater.nl

Implementation
MnCl, dosing
installation
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WTP Vierlingsbeek

Removal
CH,, CO,, H,S
Introduction O,

Spray aeration

Removal CO,
Introduction O,
Removal

Fe, NH,, Mn .
- spray aeratio

ol +
LTS

pre-filter clear water storage

Removal
Fe

post-filter

)
abstraction well

clear water pump

stephan.van.de.wetering@babantwater.nl
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Dosing 0,5 Mn mgl/I

Removal as MnClI2 sollution

CH,, CO,, H,S
Introduction O,

I“
]‘l‘il

- :; =
= ﬂ? N  Removal
“',‘3'. Fe, NH,, Mn :
SN spraygferatio
. ]

I“

Spray aeration

Removal CO,
Introduction O,

4

pre-filter clear water storage

Removal
Fe, Mn + Ni

post-filter

)
abstraction well

clear water pump

stephan.van.de.wetering@babantwater.nl
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Treatmentplant at Vierlingsbeek

Build 1965 (Closed 2015)
Abstraction Permit 8 mio. m? year
Capacity 1200 m3/h

Storage 3,600 m3

stephan.van.de.wetering@babantwater.nl
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Summary
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e 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 MnCl, is a smart technique to remove nickel

« Follow research and developments drinking water standards water
guality parameters
* Chromium VI
* Borium
« Arsenic
* Nickel

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

GROUNDWATER TREATMENT
FOR ARSENIC REMOVAL

Paper No. 35-2

Arslan Ahmad

BTO IMPLEMENTATIEPRI)S
AQCF voor verlaging arseen tot <1 pg/I

Indieners: Stephan van de Wetering (Brabant Water}, Tim van Dijk (Brabant Water), Arslan Ahmad (KWR)

Juryoordeel: "De technologie in dit project is uniek. Het is een schoolvoorbeeld van een Speerpuntproject,

waarbij een issue dat speelt bij é&n bedrijf wordt verdiept en versneld en vervolgens verder in de bedrijfstak

wordt uitgezet.'

et O0F- proves B die & iowo terprodinc eplant Donst.

ADCF voor verlaging arseen tot <1 pgll

Brabant Wateronderzocht mat KIWR in hiet Speerpuntonderzoek hos amsesn
uit grondwater kanworden versijderd op locatieswaarde gevonden
concentraties hoger zijn dan 1 pg/l. Dat bleek mogelijk te zijn doorA dvanced
Oiidation Coagulation Filtration (ADCF) toe te passen. Met behulpwan
KE/NaMriOg wardtAs{lll) geaxideerd naarAs(V), vervolgens hechtarssen zich
aan deijzervlokken enworden dezewlokken afgevangen in hetzandfilter.
Brabant Water hzeft inmiddels ket ADCFconcept geTmplementzerd op
Waterproductiebedrijf Dorst om het arseen teverlagen van 5,5 naar <1 pg/l.
DokWaterproductiebedrijf Prinssnboschvoldost met 2,7 pg/l arseen niet san
bedrijfsnorm van <1 pafl arssen. Samen met KW R zijn op basis van bench-
szale experimenten en piktonderzoek de technolgische vitgangspurten
wastgesteld voorverlagingvan hetarseen opWaterproductiebedrijf
Prinsenbosch met het ACCF concept. Het programma wan eisen voor de
arseenversijdering woorWFE Prinsenbosch is inmiddels geresd. Voor
Waterproductiebedrijf Costerhout loopt een pilotonderzoek naar de
implementievan ADCF voor senzuivering inclusief palletontharding.

Anderewaterbedrifven

HetADCFroncept is ook tospasbaar bijandere fwateribedrifeen. Het DPWVE
project voor implementatie van het ADCFconcept op Waterproductisbedrijf
Katerijk, Duddorp en Leiduin i in de basis =en spin-offwan de bevindingen
wan hetBrabantWater-onderzaek. Op18 februari jl. hesft Brabart Water 2en

mintaarkshop gehouden om kennis over het ADCFconceptte delen miet Dunea

enWatermet.

Internationale belangstelling &n toepassing

Het technologisch ADCF-basisconcept kan breed ingezetwonden op de
arssen probleemgebieden in de wereld. Hetis robuust en kan ook hogere
concentraties arseen venaijderen. De antwikkelde ADCF-technologie is
gepubliceerd in Witz (oktober za14) &n heeft een hoofdstuk gekreqen in de
1WA Best Practice Guide an Control of Arsenic. Het Turksswaterbedrijf MASK]
bezoekt in juni BV R en BrabantWater omte bespreken of ADCF geschikt is
om hun arssenproblemen aan te pakken. Eris ook belangstelling it India en
Bangladesh.

In juni 2o06 pres=nteert BrabantWater ezn keynote speech over de AOCF
‘technelogie op het GthInternational Congres on Arsenic in the Ervirenment.
{AszmG) in Stockholm (Zereden). Toepassing van de technizk latzien dat
de Nederlsndse watersectorvaoruitloopt op de tot op heden praktische

onderbows deWHC-arssennorm van 1o pg/l.

W.Ln.r. Stephan van deWetering (Brabant Water), Timwan Dijk {Brabant Water),
Arslan Ahmad (KWR)
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Thank you for your attention
Any guestion?

More information:

Stephan.van.de.wetering@brabantwater.nl




