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OzonationRapid sand
filtration H2O2

Flocculant

Rapid sand
filtration

GAC filtration

Chlorination

Treatment of karstic water Porrentruy



Water type 2



Pump and treat:
Chemical treatment

Iron removal: Aeration – precipitation – sedimentation – filtration. 
During this process, there will also be partial nitrification and 
manganese removal.

Ammonia: Break point chlorination or nitrification. Break point 
chlorination is not favored anymore, because of the high chlorine 
demand (Breakpoint: Cl2:NH4

+ = 1.5, 1.05x10-4M Cl2 would be 
required ≈ 7 mg/L!). Nitrification is the preferred process.

Manganese removal: It can be expected that Mn(II) will not be fully 
removed by oxygenation of the water. Therefore additional 
treatment with a stronger oxidant is required. Permanganate may 
be a good choice.

Biological treatment

Reduced Groundwater Alpnach
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1. Ground water is 
pumped from the 
aquifer

2. Oxidation of Fe(II) and/or  
Mn(II) in separate steps

Fe(III)OOH, Mn(IV)O2

3. Separation of the 
hydroxide sludges

Chemical treatment

Chemicals: O2, O3, Cl2,

ClO2, KMnO4, Base

Biological treatment

Oxidizing microorganisms, 

O2

Fe-removal

Mn-removal

Aeration, 
Nitrification

Air

Disinfection

Biological iron and manganese removal



In situ treatment:
The yield can be calculated as follows:

In a first approximation only ammonia and iron have to be considered for 
oxygen consumption. 

1 mol of NH4
+ consumes 2 moles of oxygen (nitrification); [NH4

+] = 1.2 mg/L = 
7x10-5 M => 1.4x10-4 M oxygen.

1 mol of Fe(II) consumes ¼ moles of oxygen; [Fe(II)] = 6.6 mg/L = 1.17x10-4

M => 2.9x10-5 M oxygen.

In total, 1.69x10-4 M oxygen are consumed for the removal of ammonia and 
iron(II).

The oxygen concentration of injected water is 8 mg/L = 2.5x10-4M.

Therefore the yield of this system would be about 1.5 (only 1.5 x more water 
can be extracted than what was injected) which is too small to make the 
process economically feasible.

If no ammonia would be in the water, the ratio of extracted/injected water 
would be about 10. 



Water type 3



Treatment of Warnow river water

Pre-ozonation Sedimentation Rapid sand
Filtration
2-layers

Ozonation Granular activated
carbon filtration



Water type 4



Lake water treatment plant Lengg, Zürich

Raw 
water

Pre-
ozonation

Rapid
filtration

Intermediate
ozonation

Activated
carbon
filtration

Slow
sand
filtration

pH adjustment



Water type 5



Treatment of karstic water Canton Baselland 1

OzonationRapid sand
filtration

Flocculant
Al-Sulfate

GAC filtration

Chlorination



Treatment of karstic water Canton Baselland 2

OzonationUltrafiltration

Flocculant
Al-Sulfate

GAC filtration

UV disinfection


