






Managementsamenvatting

Haalbare efficiëntie van ondergrondse ontijzering is beter in te schatten 

en te verhogen, wat bijdraagt grotere operationele efficiëntie  

Fig 1. Verandering in de ijzerconcentraties in het opgepompte water en in de aquifer na injectie van 4000 m
3

 zuurstofrijk 

water in put PP3. V/Vo is de verhouding tussen het onttrokken en het geïnjecteerde volume. Stippellijn: ijzerconcentratie van 

het onttrokken (ruw) water. Doorlopende lijn: ijzerconcentraties in waarnemingsfilters (1, 2 en 3) op 5 meter afstand van de 

put. Concentraties gemeten voor het experiment zijn links van de y-as gemarkeerd. F1 =bovenste filter waarnemingsput, F2 = 

middelste filter en F3 = diepste filter 



Fig 2. Paars water (met permanganaat) wordt opgepompt uit 

een waarnemingsput 

per put

Subsurface 

Iron Removal. Field tests at Pumping Station Corle









 

speerpuntonderzoek  

‘Ontijzering en ontmanganing in de 

drinkwaterketen: van schatten naar sturen‘

 

Experiment 1

Experiment 2





 

 

Figure 2-1Technical overview of the well field at location Corle. The grey circles mark the selected wells 

for the SIR pilot: well 3 (COR-03-20) and well 10 (COR-P10-25). The flushing pond (spoelvijver) is centrally 

located in the well field. 



Figure 2-2

Figure 2-2: Geohydrological cross-section of well field Corle. 

 



Table 2-2: Installed monitoring filters in well 3 and 10 

Well number Bore Filter Screen depth 

(m-surface) 

Location (x, y) 

 

 

 
 

 

 



Figure 2-3 Lithology of the aquifer at the monitoring well next to well 03, with the depth of the installed 

monitoring screens (F01,F02, F03) and the sediment cores chosen for analysis (1-3). At the left of the 

figure, the depth range of the screen of well 3 is also indicated. 



Figure 2-4 Lithology of the aquifer at the monitoring screen beside well 10 with the depth of the installed 

monitoring screens (F01,F02, F03) and the sediment samples chosen for analysis (4-10). The depth range 

of the screen of SIR well 10 is also indicated at the left of the figure. 

 



Table 2-3 Selected sediment samples for sediment analysis 

Sample nr Depth Well Screen observations 

1 31 - 32 m P03 PB01  

2 35 - 36 m P03 PB02  

3 38 - 39 m P03   

4 27 - 28 m P10 PB01  

5 30 - 31 m P10   

6 33 - 34 m P10 PB02  

7 36 - 37 m P10   

8 38 - 39 m P10   

9 27 - 28 m P10 PB01  

10 33 - 34 m P10 PB02  

Figure 2-5  Sediment samples wells 3 and 10 

 



Table 2-1: Overview experimental cycles 

Well Cycles  Treatment Infiltrated 
Volume (m3) 

Elapsed 
time 

*(days) 

volumes 
abstracted (m3) 

3 1.Injection Oxygenated (with O2) 4000 1  

3 1.Abstraction   119  180000 

10 1.Injection Oxygenated (with O2) 2000 1  

10 1.Abstraction  8 17600 

10 2.Injection Permanganate (with O2) 3950 2  

10 2.Abstraction 57 62600 

10 3.Injection Oxygenated (with O2) 2000 1  

10 3.Abstraction  101 78518 

* Elapsed time = time (days) abstracting or infiltrating.
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Figure 2-6 Four lBC’s of sodium permanganate, dosed to the injected 2000m
3 

during the second 

experimental cycle of well 10.  

Figure 2-7 Purple water (due to the presence of MnO4) pumped from the 3 screens of the monitoring well 

5 m away from well 10. 



 

 

Table 3-1 Permanganate oxidant demand of the undisturbed sediment samples taken from well 3 and 10 

in grams of permanganate consumed by kg of sediment per day. 



Table 3-2 C and S content of the undisturbed sediment samples, and Al, Mn, Ca and Fe content after 

nitric acid digestion of the sediment samples. The samples marked with an asterisk (* ) indicate those 

treated first with KMnO
4

. The organic matter (BOM), pyrite and calcite content of the sediment is 

calculated based on these parameters.  

Table 3-3 Calculated values of calcite content based on the thermogravimetric analysis (TGA) results.  



 

Table 3-4 Initial groundwater quality in the monitoring well beside Well 03 and average of the infiltrated 

water in Well 03 at the 3
rd

 of March of 2015. . 

 



Figure 3-1 Online monitoring performed in well 03 

 



Figure 3-2 Evolution of the iron concentrations after injection of 4000 m
3

 of oxygenated water in well 3. 

The stripped line indicates the iron concentrations in the abstracted water. The evolution of the 

concentrations in the monitoring screens (1,2 and 3) are indicated with circles with the corresponding 

screen number. The concentrations measured before the start of the experiment are given at the left of 

fthe Y-axis labelled in red as F1, F2 or F3 depending on the screen. 



Figure 3-3 Evolution of the manganese concentrations after injection of 4000m
3

 of oxygenated water in 

well 3. The dashed line indicates the manganese concentrations in the abstracted water. The 

concentrations in the monitoring screens (1,2 and 3) are indicated with circles with the corresponding 

screen number. The concentrations measured before the start of the experiment are given at the left of 

the Y-axis labelled in red as F1, F2 or F3 depending on the screen.  



Figure 3-4 Evolution of the Chloride concentrations after injection  of 4000m
3

 of oxygenated water in well 

3. The hatched line indicates the chloride concentrations in the abstracted water. The concentrations in 

the monitoring screens (1,2 and 3) are indicated with circles with the corresponding screen number. The 

concentrations measured before the start of the experiment are given at the left of the Y-axis and 

labelled in red as F1, F2 or F3 depending on the screen. The averaged infiltrated concentrations are given 

as a red line. 



Figure 3-5 Evolution of the calcium concentrations after injection of oxygenated water in well 3. The 

stripped line indicates the dissolved calcium concentrations in the abstracted water. The concentrations 

in the monitoring screens (1,2 and 3) are indicated with circles with the corresponding screen number. 

The concentration measured before the start of the experiment are given at the left of the Y-axis and 

labelled in red as F1, F2 or F3 depending on the screen The averaged infiltrated concentrations are given 

as a red line. 

 

Table 3-5 Native groundwater quality in the monitoring screens beside well 10 and average of the 

injected water (2 samples per day). 
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Figure 3-6 Continuous monitoring of O
2

, pH and EC after a cycle of SIR with infiltration of oxygenated 

water (left column) and after a cycle with infiltration of permanganate solution (right column). 

 





Figure 3-7 Evolution of the iron concentrations after injection of (Cycle 1) oxygenated water, (Cycle 2) 

permanganate solution with oxygenated water, and (Cycle 3) oxygenated water in well 10. The stripped 

black line indicates the iron concentrations in the abstracted water. The concentrations in the monitoring 

screens (1, 2 and 3) are indicated with circles with the corresponding screen number. The concentrations 

measured before the start of the experiment are labelled in red as F1, F2 or F3 depending on the screen. 





Figure 3-8 Evolution of the manganese concentrations after injection of successively (1) oxygenated water 

(2) permanganate solution with oxygenated water, and (3) oxygenated water in well 10. The stripped line 

indicates the manganese concentrations in the abstracted water. The concentrations in the monitoring 

screens (1,2 and 3) are indicated with circles with the corresponding screen number. The concentrations 

measured before the start of the experiment are labelled in red as F1, F2 or F3 depending on the screen. 



Figure 3-9 Evolution of the chloride concentrations after successive injection of (1) oxygenated water (2) 

permanganate solution with oxygenated water and (3) oxygenated water in well 10. The stripped line 

indicates the chloride concentrations in the abstracted water. The concentrations in the monitoring 

screens (1,2 and 3) are indicated with circles with the corresponding screen number. The concentrations 

measured before the start of the experiment are given at the left of the Y-axis and labelled in red as F1, 

F2 or F3 depending on the screen. 



 

Figure 3-10 Evolution of the sulfate concentrations after injection of (1) oxygenated water (2) 

permanganate solution with oxygenated water and (3) oxygenated water in well 10. The stripped line 

indicates the sulfate concentrations in the abstracted water. The concentrations in the monitoring 

screens (1,2 and 3) are indicated with circles with the corresponding screen number. The concentrations 

measured before the start of the experiment are given at the left of the Y-axis and labelled in red as F1, 

F2 or F3 depending on the screen. The average infiltrated concentration is marked as a red line. 

Figure 3-11



Figure 3-11 Evolution of the DOC concentrations (mg/l) after injection of (1) oxygenated water (2) 

permanganate solution with oxygenated water and (3) oxygenated water in well 10. The stripped line 

indicates the DOC concentrations in the abstracted water. The concentrations in the monitoring screens 

(1,2 and 3) are indicated with circles with the corresponding screen number. The concentrations 

measured before the start of the experiment are given at the left of the Y-axis and labelled in red as F1, 

F2 or F3 depending on the screen. 
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The chemical binding to the surface of ferrihydrite is, according to the two layer model of 

Dzombak and Morel (1990), distributed among weak affinity (Hfo
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) and strong affinity (Hfo
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) sites, 

which exist in a proportion of 0.2 and 0.005 mol sites / mol ferrihydrite, respectively. A broad 

range in surface area of ferrihydrite has been reported to in literature Equation 3.1 from (Appelo 

et al., 1999) and Equation 3.4a from (Appelo and Vet, 2003) 
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Figure 3-12 Ca
2+ 

versus HCO3
-

 in the water recovered from the SIR wells 3 and 10. The red line represents 

calcite equilibrium for increasing CO
2

 -

pressure. 
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3-13

Figure 3-13 Fe
2+

 versus Mn in the water recovered from the SIR wells 3 and 10. The red line represents 

the mixing line with the groundwater and the upper part of the measurements indicate the Iron and 

Manganese concentrations expected from iron reducing manganese-oxides. 



 

 



Table 3-6 The 40% sodium permanganate type infiltrated in this study was Carusol-C. For comparison the 

trace element composition of the 40% sodium permanganate solution type manufactured for soil 

remediation (RemOx) is shown. Source: Carus Chemical Company.  

Figure 3-14 Evolution of the Cr, Cu, Se, Ba, Pb and Ni concentrations after injection of (1) oxygenated 

water (2) permanganate solution with oxygenated water and (3) oxygenated water in well 10. The 

stripped line indicates the concentrations in the abstracted water. The concentrations in the monitoring 

screens (1,2 and 3) are indicated with circles with the corresponding screen number. 



 

Figure 3-15 Elemental analysis by CNS analyser and XRF of aquifer sediment before and after 

permanganate treatment. 

 

 



Table 3-7 Removal efficiencies (V/Vo), volumes and Iron and manganese concentrations during each 

experimental cycle. 

Table 3-8 Removal efficiencies (V/Vo), abstracted volumes and Iron and manganese concentrations one 

year after the experimental treatments. These values correspond to infiltrated volumes of 2000m
3

.

 

Well Abstracted 

(m3) 

Date V/Vo Fe Mn 

3 75270 28-4-2016 37.6 <0.01 0.05 

3 81900 2-5-2016 41.0 - - 

3 82790 9-5-2016 41.4 0.11 0.26 

3 10000 17-5-2016 5.0 <0.01 0.06 

10 22550 28-4-2016 11.3 - - 

10 14860 9-5-2016 7.4 0.13 0.24 

10 21800 17-5-2016 10.9 0.20 0.47 



 



Figure 3-16 Evolution of the NH
4

 concentrations after injection of oxygenated water in well 3. The 

stripped line indicates the dissolved NH
4

 concentrations in the abstracted water. The concentrations in 

the monitoring screens (1,2 and 3) are indicated with circles with the corresponding screen number. The 

concentration measured before the start of the experiment is given at the left of the Y-axis and labelled in 

red as F1, F2 or F3 depending on the well screen. 





 





 




