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Voordelen

* hygiénische betrouwbaarheid

e constante temperatuur

* biologische en chemische stabiliteit
o gelijkmatige goede kwaliteit

e ongevoelig voor calamiteiten

Nadelen
* Dbeperkte beschikbaarheid
e vrij groot ruimtebeslag

Opzet infrastructuur
« Kkleinschalig
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kleilaag

icht anaéroob grondwater

veenlaag

diep anaéroob grondwater
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kenmerken aéroob grondwater:

zuiveringsschema o o
weinig tot geen zuivering

Wilalallgle

bij zandgronden:
agressief, lage pH --> marmerfiltratie

\

conditionering

l bij kalkhoudende gronden (Z-Limburg):
kalkafzettend --> ontharding

NaOH + Ca?* + HCO; --> CaCO,; + Na* + H,0

Ca(OH), + Ca?* + 2 HCO;- --> 2 CaCO,; + 2 H,0

]
TUDelft

reinwaterkelder




%
TUDelft



Parameter Eenheid Ruwwater Reinwater
Temperatuur °C 9,6 10

pH - 6,1 7.8
EGV mS/m 9,3 14,3
Si - -3,4 -0,3
Troebelheid FTU - <0,1
Na* mg/I| 8,1 7,9
K* mg/| 1 1
Ca®* mg/Il 8,6 22,5
Mgz mg/| 1,6 1,6
Cl- mg/I| 12 12
HCO3" mg/| 21 63
S0,% mg/| 9 10
NO3~ mg/| 2,7 2,7

O, mg/| 4,2 8

CH, mg/I| - -

CO, mg/I| Sl 2

Fe2+ mg/| 0,06 0,03
Mnz* mg/| 0,02 <0,01
NH,* mg/| <0,04 <0,04
DOC mg/I| <0,2 <0,2
E-Coli n/ 1000 ml (0] (0]
Bentazon pg/l - -
Chloroform pg/l - -
Bromaat pg/l - -

Pompstation Hoenderloo
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kenmerken licht anaéroob grondwater:

zuiveringsschema onder afsluitende laag
winning ammonium, ijzer en mangaan
w Beluchting:
beluchting verwijdering CO,; toename O,

4 Fe?* + O, + 2 H,0 + 8 OH > 4 Fe3+ + 12 OH-

\

, . Filtratie:

natfiltratie Fe3+ + 3 OH- --> Fe(OH), ¥

2 Mn?* + 4 0OH_+ O, + H,0 --> 2 MnO,, + 3 H,0O
‘ NH,* + 2 O, + H,0 --> NO;- + 2 H,0*
reinwaterkelder

1 mg ijzer gebruikt: 0.14 mg O,
1 mg mangaan gebruikt: 0.29 mg O,
1 mg ammonium gebruikt: 3.55 mg O,

]
TUDelft



Parameter Eenheid Ruwwater Reinwater
Temperatuur °C 13,1 13,1
pH - 7,7 7,9
EGV mS/m 58 58

Si - -0,0 0,1
Troebelheid FTU - <0,1
Na* mg/| 75 75

K* mg/I| 6,7 6,7
Ca?* mg/| 47 46
Mgz mg/| 7,8 8

Cl- mg/I| 108 110
HCO5" mg/I| 185 177
S0,% mg/| <1 <1
NO3~ mg/| <0,1 2,8
0, mg/| 0,4 9,5
CH, mg/I| - -

CO, mg/I| 7 4

Fe2+ mg/| 0,39 0,03
Mn2+ mg/| 0,03 <0,01
NH,* mg/| 0,82 <0,04
DOC mg/| 2 1,7
E-Coli n/ 1000 ml (0] (0]
Bentazon pg/l - -
Chloroform pg/l - -
Bromaat pg/l - -

Pompstation Zutphenseweg
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zuiveringsschema  kenmerken diep anaéroob grondwater:
onder afsluitende laag

winning

o hoge concentratie ammonium,

Sluchting geen zuurstof en nitraat

droogfiltratie _ _
Filtratie:
_ Fe3* + 3 OH- --> Fe(OH); ¥

beluchting 2 Mn2+ + 4 OH_ + 0O, + H,O --> 2
MnO, + 3 H,0

natfiltratie NH,* + 2 O, + H,0 --> NO;" + 2 H,0*

reinwaterkelder
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Parameter Eenheid Ruwwater Reinwater
Temperatuur °C 10,5 10,5
pH - 6,9 7.6
EGV mS/m 51 48

Si - -0,04 0,2
Troebelheid FTU - <0,1
Na* mg/| 23 21

K* mg/| 3 3
Caz* mg/| 82 77
Mgz mg/| 5,2 6,3
Cl- mg/I| 41 41
HCO5" mg/I| 267 241
S0,% mg/| 18 21
NO3" mg/| 0,07 1,6
0, mg/| 0 10,7
CH, mg/I| 2 <0,05
CO, mg/| 63 11
Fe2+ mg/| 8,8 0,04
Mn2+ mg/| 0,3 <0,01
NH,* mg/| 2,2 <0,01
DOC mg/I| 7 6
E-Coli n/ 1000 ml (0] (0]
Bentazon pg/l - -
Chloroform pg/l - -
Bromaat pg/l - -

Pompstation St. Jansklooster
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zZuiveringsschema — :
Kenmerken grondwaterzuivering met ontharding:

_ e hoge hardheid
winning
NaOH + Ca?* + HCO,  --> CaCO, + Na* + H,0O
beluchting Ca(OH), + Ca?* + 2 HCO,- --> 2 CaCO, + 2 H,0
ontharding
natfiltratie

reinwaterkelder
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zuiveringsschema ..
Kenmerken grondwaterzuivering met

winning actief koolfiltratie:
| - bestrijdingsmiddelen
beluchting - geur, smaak, kleur
\
natfiltratie
: atrazine
actiefkool

\

reinwaterkelder
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Voordelen

» voldoende beschikbaarheid

e geringe kwetsbaarheid

e hygiénisch betrouwbaar

» gelijkmatige samenstelling

* Dbiologisch en chemisch stabiel

Nadelen

e continue belasting opperviaktewater en landbouw
e zoutbelasting Rijn

e putverstoppingen en zettingen

Opzet infrastructuur

* gering ruimtebeslag
e grote transportafstand
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normaal: onttrekking

geen
onttrekking
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1 november 1986 brand Sandoz
In Rijn geloosd 10 - 30 ton BM

november 1986 visbestand tot Mainz volledig vernietigd
Insectenlarven volledig en kreeftachtigen
gedeeltelijk vernietigd
drinkwaterinname buiten bedrijf

medio november 1986 microbiologische activiteit hersteld
drinkwaterinname overal hervat

voorjaar 1987 visbestand gedeeltelijk hersteld

najaar 1987 geen negatieve gevolgen meer
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9 11 13 15
november 1989

karlsruhe - mainz bad honnef — lobith — hagestein = jutphaas
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Keulen - Disulfoton

5
7/8/9/ November 1986
1 1,5/3,3/1,1 pgll in Rij . ~
o nelinBin - yerdunning met factor 66
4 -
C(ug/l) Rijn
i
2
1 4
Put F-18 (€ max = 0,05 pg)
0
_ November ’ December 1986 Januari 1987
Bron: Sontheimer s
Moraal:

Und die Moral von der Geschicht
Die stof3belasting stort uns nicht
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Oevergrondwater
viar verwijd.ering micro-organi§men,
afvlakking, afbraak, chemische en
biologische stabiliteit
oevergrondwater
‘ Beluchting:

beluchting toename zuurstof, verwijdering CH,
Natfiltratie:

natfiltratie verwijdering mangaan, ammonium, ijzer

Actief koolfiltratie

Actief koolfiltratie verwijdering bestrijdingsmiddelen

UV-desinfectie:
afsterven micro-organismen
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Parameter Eenheid Ruwwater Reinwater
Temperatuur °C 12 12

pH - 7,3 7.4
EGV mS/m 78,4 e

Si - -0,1 -0,1
Troebelheid FTU - <0,1
Na* mg/| 69 70

K* mg/| 4 4
Caz* mg/| 84 84
Mgz mg/| 12 12

Cl- mg/I| 128 135
HCO5" mg/I| 223 187
S0,% mg/| 55 59
NO3~ mg/| <0,1 2,3
0, mg/| 0,8 SN
CH, mg/I| 1 <0,05
CO, mg/| 20 14
Fe2+ mg/| 3,8 0,02
Mn2+ mg/| 0,9 <0,01
NH,* mg/I & <0,03
DOC mg/| ] 2,5
E-Coli n/ 1000 ml (0] (0]
Bentazon ng/l 0,32 <0,05
Chloroform pg/l - -

Pompstation De put

Bromaat pg/l - -
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HARDERBROEK



Drinking water supply Flevoland

" Lelystad

¥Dronten |

bremerberg /
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Treatment scheme Harderbroek

Harderbroek

08/10/2007 INTRODUCTION



IRON REMOVAL



lron removal

Iron is removed to avoid iron deposits
» In distribution system
= Inlaundry
= In drinking water

® production
® reservoirs

Lelystad ¥ Dronten 4

bremerberg
X /o

08/10/2007
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Iron In groundwater

Fez+
* Present in anaerobic groundwater
= Dissolved in water

Fes3*
= Forms iron flocks in water
= Gives brownish colour to the water

08/10/2007 INTRODUCTION




lron Removal

Iron oxidation: Fe2+ + oxygen - Fes3+

100% -

80% -
2
é 50% - ——pH=7.1
E —#—pH=7.3
g 4om pH=7.5
8 ~o— pH=7.8
—%—pH=8.0

20%

0% T T T T T T T T T T T T T T T T T 1
0 60 120 180 240 300 360
Tijd (s)

08/10/2007 INTRODUCTION



Iron removal © Fezr @ Fe’

Iron removal mechanisms:
Flock filtration
iron removal

Adsorptive
iron removal

Biological
iron removal

08/10/2007 INTRODUCTION




lron Removal

v

Fe2+ O, Fe3+

f ™ =

INTRODUCTION
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OBJECTIVE



200 pg/l Water law

Situation at Harderbroek

Expensive cleaning events

iron concentration in clear water
90
80 *
70

60 . Vewin

| ——————————————————————— | — .
50 - ram— . recommendation
40

& iron clear water
30

20
10
0 ‘ ! I ‘ ‘ T
Nov-04 Feb-05 May-05 Sep-05 Dec-05 Mar-06 Jul-06 Oct-06

date [mth - year]
08/10/2007 INTRODUCTION

[Fe] pg/l




Harderbroek vs Fledite

® production
® reservoirs

Comparable water source
Same filters

Different aeration
= Harderbroek cascade aeration
= Fledite spray aeration

Lelystad ¥ Dronten | !

Hypothesis (1)
Formed iron hydroxide flocks

breakdown in cascade or filter inlet
construction

Small flocks break through the filters

08/10/2007
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Methods

Particle fingerprint

» To identify the presence of particles through the treatment
plant in relation to operational events

Column experiments
» To get information on oxidation and flock formation

Model
» Generate insight in processes in the filter

= Elaborate future scenarios

08/10/2007 INTRODUCTION



FINGERPRINT



Fingerprint

Particles identified with particle counters

Mainly focussed on filtration step
= After switching a filter
= After a backwash

N\
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Number of particles in filter effluent

¢« 10000 —1pm
- - )

- —~ —1,5um

Fingerprint results ¢ 1w S~

© 100 —/r 5 um
“E 10 1 :Iouz]m
After filter switch 2= 1 —15um
E - —20 um

g 8_ 0 —total

0:00 0:20 0:40 1:00 1:20 1:40 2:00
time [h:mm]
Volume of particles in filter effluent
ppb 0

1 3 [3) 50 —1um

V==r,d -d.-number =R \ —15pm
i i @© 2

6 o pm

= 30 - (\ 5 um

e ] _ 20 —7 pm
1 part per billion = EE 10 KMW —igum
. . —_— -_— pm
1V0|ume Of partICIeS In g 8 O TTTTTTTTTTT HHHH\HH\T\H\\\\WW\HTHHHH—W—H\T _Zoum

1 OOO OOO OOO VOlumeS Of Water. 0:00 0:20 0:40 1:00 1:20 1:40 2:00 — total

’ ’ ’ time [h:mm]
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Number of particles in filter effluent

1000
W\v ~1um

100 - ——2um

5 pm

7 pm
— 10 pm
— 15 pm
— 20 pm
—> 50 pm
— total

Fingerprint results

After backwash

Volume concentration
increased for 4 hours llld,hlt.lll.l...l..I..lL.L_.LJ..I._m.ﬁIA.IJ.IL
0 2 4 6 8101214161820222426283032

- recirculation time [hh]

Number of particles per ml

Volume of particles in filter effluent

50

40 —1pum
—2 um
30 5pm

7 pm
—10 pm
— 15 um
—20 pum

” &U‘a Qﬁ Qw -
0 2 4 6

20 ~

Volume of particles per

ml [ppb]

0 1 1 1 1 1 1 1 1 1 1 1 1
8 10 12 14 16 18 20 22 24 26 28 30 32

time [h]

08/10/2007 RESEARCH Fingerprint 20




Volume of particles in filter effluent

Fingerprint

3 50 —1um
o —1.5um
% 40 - /\ 2 um
o 30 5um
Volume load by events 5 v \ —7um
q_) P
compa_red to stable £ Z10 | T
operation 3 e mssEee————————xg
> a 0:00 0:20 0:40 1:00 1:20 1:40 2:00 — total
. . time [h:mm]
Switch filter . .
In 2% of the t Volume of particles in filter effluent
n 2 % of the time
15 % of the load >0
40 —1pm
—2pum
Backwash filter 30 | @ ﬁ o
In 13%b6 of the filter run 20 e

time 45 9% of the volume
load

“ “ —20 pm
' ' — total

=
o

Volume of particles
per ml [ppb]

o

0O 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 32
time [h]
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Fingerprint

Aim
Average 1 ppb
Reduce peaks

08/10/2007

Pumping Average ppb
station clear water

Cleaning
frequency

Harderbroek 5

Franeker 15

Franeker + UF 1

1in 3 years

1in 1 year

1in 10 - 12 years
(expected)

RESEARCH Fingerprint



COLUMN EXPERIMENTS



Column experiments

Part 1
" mixing intensity
= residence time
» and aeration

Part 2
n pH

08/10/2007 RESEARCH Column



Column results

Iron in cascade effluent

—_
1,60
E 1,40
bl
c 1,20 -
S
% 1,00
E 0,80
§ 0,60 -
0,40
B Iron 3 INFL 8 420
c O
M Iron 2 INFL 9 0,00 - ‘ ‘ ‘ ‘ ‘ ‘

Hypothesis (2)
pH in cascade effluent water too low for efficient oxidation

08/10/2007 RESEARCH Column




Column experiments

Experiments with pH increase

NaOH dosage
pH from 7.5 to 8.0

Crushed limestone filtration
pH from 7.5 to 7.7

~®
08/10/2007 RESEARCH Column




Column results

Fe2+ concentration

R | NaOH Crushed
esults 14 dosage limestone

decrease Fe2* —
concentration S 12 -

S

- 1

c

S 0,8 -

©

S

-IE 0,6 -

o)

2 0.4

3

0,2 -
&
o
IN Effluent IN Effluent
— dosage experiment
|

reference experiment
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Fe2+ and Fe3* concentration

Column results NAOH Crushed
16 dosage limestone

Results SN
(@)
Decrease Fe?* £
concentration =
=
©
Increase Fe3* =
concentration 8
S
] (@]
Total iron S
removal =

comparable

-

IN Effluent IN Effluent
A— Fe?* dosage experiment F— Fe3* dosage experiment
| . | .
Fe2* reference experiment Fe3* reference experiment
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MODEL



Model

Modelling
Reflection of reality

Simplification of reality

Easy and fast method to vary parameters

08/10/2007 RESEARCH Model



Model

Iron removal model is created in Stimela

First reservoir represents water phase before filter
Flock formation
No flock removal
No adsorption

H

Filter represents filter bed Water quality u i
Flock formation parameters
Flock removal
Adsorptive iron removal

Reservoir Filter bed

08/10/2007 RESEARCH Model




Model results

0.35 ; ; ; 2 ; ; ; ‘ S
0.3 | | |
o R e e e e N
0.2
0.15
0.1

0.05

0.1 0.2 0.3 04 0.5 0 0.1 0.2 0.3 0.4 0.5
Fe3* concentration [mg/I]

Fe3* concentration [mg/l]

Column height 30 cm Filter bed height 2 m

Fe3* influent concentration 0.45 mg/|I Fe3+ effluent concentration
Fe3* effluent concentration 0.20 mg/I 0.033 mg/I

08/10/2007 RESEARCH Model




Model results

Tower aeration before filtration:

=
o
T

A 7 SRR S = S R

Packing height [m]
P

o

Ul

Filterbed height [m]
|_\

o5 | SR

0 0.2 0.4 0.6 0.8 1 0 0‘_2 0‘,4 0‘_6 018 1

Fe3* concentration [mg/l] Fe3* concentration [mg/I]
Fe3* effluent concentration Fe3* effluent concentration
1 mg/I 0.029 mg/I
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CONCLUSIONS
&
RECOMMENDATIONS



Conclusion

Model
» First set-up made for iron removal model

= Quick insight in alternatives

Column experiments
= After cascade aeration the majority of iron is dissolved Fe2*

» At Harderbroek oxidation is limited by the pH

08/10/2007 CONCLUSION



Conclusion

Fingerprint
» QOperational events have a significant contribution to volume
load

» Relation between ppb’s and cleaning frequency

Recommendations
= Apply a smooth treatment operation

= Recirculation of first filtrate after a backwash event

= Guideline 1 ppb?

08/10/2007 CONCLUSION



Alternatives Harderbroek

Replace tower aeration directly after raw water
= More intensive aeration will increase the pH
* No addition of chemicals to the water

Caustic soda dosage
= Easy to implement
» Relatively sensitive to control

Crushed limestone filtration
= Automatic equilibrium, no need for control
= More investment costs, 2 filtration steps

08/10/2007 CONCLUSION
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