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In public water supply, five components may be distinguished:

- Abstraction
- Treatment
- Transport
- Storage
- Distribution. 

Raw water can be abstracted from groundwater or surface water. 

For almost every type of water, a corresponding treatment is necessary before it can be 
supplied as drinking water. 

During transport, storage and distribution, the quality of the drinking water must not 
deteriorate below the established standards. 

The purpose of placing a low-lying, clear water reservoir after the treatment step is to 
adjust the flow differences between the treatment plant and the transport pumps. 



Daily Demand Pattern

Water Demand Pattern in the Gaza Strip
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A distribution reservoir at the edge of the city levels off consumption variations between 
day and night, resulting in a constant flow through the treatment plant and the transport 
main, and in minimal energy consumption.

The drinking water is distributed continuously under sufficient pressure (>20 meters 
water column (200 kPa) above street level). This pressure also prevents infiltration of 
the groundwater into the distribution system, which would result in quality 
deterioration. 

Because drinking water quality is only required for human consumption (5 % of the total 
production), separate water supplies with different qualities could be considered. 

The distribution network, however, is the most expensive element of the public water 
supply. The costs are up to 50 to 70% of the total water price. 



Groundwater
Types of groundwater

Groundwater has a near-constant quality. Per location, however, large differences in water 
composition can be found. 

This composition is a result of the natural environment from which the groundwater is 
abstracted, and the route that the water has followed to get there. 

Three types of groundwater can be roughly distinguished with respect to the treatment in 
drinking water production: 

- Aerobic groundwater (phreatic) 
- Slightly anaerobic groundwater 
- Deep anaerobic groundwater 

For the treatment of groundwater, the level of oxygen (aerobic, slightly or deep anaerobic) 
is very important. 

To what type a certain groundwater belongs can be determined from the concentrations of 
oxygen, iron, and methane. 





1. Aerobic groundwater (phreatic) 

Phreatic groundwater has an open groundwater table and is, consequently, connected to 
the atmosphere. 

When the organic matter content of the soil is limited, the water does not lose its oxygen 
(i.e., become anaerobic).  As a result, no anaerobic reactions (e.g., iron dissolution) occur 
in the soil. 

In special cases aerobic groundwater meets the requirements for drinking water. 

The abstracted water is directly distributed as drinking water. Normally, some treatment 
is necessary or desired. 

Treatment of phreatic aerobic groundwater 
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Despite the fact that we are dealing with aerobic (i.e., containing oxygen) groundwater, 
the first treatment step is an aeration phase. 

Because of this aeration phase, the concentration of oxygen is increased further and 
the concentration of carbon dioxide is decreased. 

If the water complies with the legal standards after this treatment step, then the water can 
be distributed. 

In the case of aerobic phreatic groundwater, only the parameters pH, Ca, Saturation 
Index (SI) and HCO3

- have to be taken into account. The other parameters generally 
comply with the legal requirements. 

Therefore, the treatment scheme of phreatic aerobic groundwater includes, in 
addition to a possible aeration, conditioning 



Aggressive water 

When aerobic groundwater is abstracted from sandy soils (no calcium in the underground), 
the groundwater is often aggressive to limestone.

Because of a number of breakdown processes, carbon dioxide is present in groundwater, 
and, because the calcium is missing, the concentration of carbon dioxide is higher than the 
equilibrium concentration of carbon dioxide. 

The value of the saturation index (SI), is smaller than 0. To make distribution of this water 
possible, the SI has to be increased. 

The SI is increased by aerating the water, which removes carbon dioxide. 

Then the SI may meet the requirements, but the requirements for pH and HCO3
- buffering 

are often not met because the concentration of HCO3
- is too low. 

When limestone (marble) filtration is applied, the requirements for SI, pH and HCO3
-

buffering are met. 



During limestone filtration, the aggressive water is filtered through a filter bed consisting 
of marble grains (limestone). 

Because the water is aggressive, it dissolves the marble grains. After some time, the filter 
bed has to be refilled with new grains.

Aeration above limestone filter



Hard water

Aerobic groundwater, if abstracted from soils rich in calcium is often very hard (>3 
mmol/l). 

Because of the biological processes in the soil, the concentration of CO2 can result in a 
substantial dissolution of limestone, forming Ca2+ and HCO3

- in the water. The 
abstracted water, therefore, will be hard.

Groundwater will sometimes be in equilibrium regarding calcium carbonate (limestone). 

Water that is supersaturated with respect to calcium carbonate cannot be found in nature; 
because of the long residence time, a possible supersaturation would already have 
disappeared due to precipitation. 

When this water is pumped up and comes in contact with air, the carbon dioxide 
disappears from the water. 



The carbon dioxide concentration is, after all, larger than the saturation concentration of 
carbon dioxide in water being in equilibrium with air. 

Because of the removal of carbon dioxide from the water, the water becomes 
supersaturated with respect to calcium carbonate (SI > 0). 

To prevent limestone precipitation in a distribution network or in consumers’ washing 
machines and heaters, and to satisfy the recommendation of a maximum hardness of 1.5 
mmol/l, the water is softened. 

This softening occurs by dosing chemicals (NaOH or Ca(OH)2) into the water in 
cylindrical reactors with upward flow. 

These reactors contain small sand grains, which are used as crystallization nuclei on 
which the CaCO3 precipitates. 

The softening installation should be followed by granular media filtration, because 
possible post-precipitation might occur. 

When, after the softening, a granular media filtration phase is executed, post-precipitation 
takes place in the filter bed. If this filtration phase isn’t provided, then the precipitation 
will take place in the distribution network or in the consumers’ household machines.



2. Slightly anaerobic groundwater 

Slightly anaerobic groundwater is found when the groundwater is located under a confining 
layer, and is characterized by the lack of oxygen and the presence of ammonium, iron and 
manganese. 

The treatment of slightly anaerobic groundwater often consists of aeration followed by 
submerged granular media filtration. 

Aeration is necessary for the addition of oxygen and the removal of carbon dioxide. 

The oxygen is used for the oxidation of Fe2+ to Fe3+ (a chemical process), and it is also 
needed for the oxidation of NH4

+ to NO3
- and of Mn2+ to MnO2. 

Aeration is followed by submerged sand filtration. In the filter the oxidized ferric iron reacts 
with OH- ions and is transformed into Fe(OH)3-flocs, which are filtered in the sand bed (a 
physical process).

Manganese undergoes a partly chemical and partly biological transformation, while 
ammonium is biologically transformed. 



Treatment of slightly anaerobic groundwater 

The transformation of ammonium is accomplished by the bacteria Nitrosomonas and 
Nitrobacter. 

During this transformation a lot of oxygen is used; per mg/l ammonium, the oxygen 
consumed is 3.55 mg/l. Also, a lot of nitrate is formed; per mg/l ammonium, 3.44 mg/l 
nitrate is produced.

Abstraction

Aeration

Physical-Chemical 
Treatment

Clear water reservoir



As a result of the biological transformation of ammonium and manganese and the physical 
removal of the iron hydroxide flocs, the pore volume between the sand grains decreases, 
because the pores are filled by either bacteria or by flocs and deposits. 

The result of this is the increase in the hydraulic resistance of the water when flowing 
through the filter bed. When this resistance becomes too large, the filter should be 
backwashed.



Deep anaerobic groundwater 

Deep anaerobic groundwater is found when the water is abstracted under a confining 
layer and no oxygen is present in the water. 

Furthermore, there is no nitrate present and organic material is broken down with sulfate 
as an oxidant. 

Iron, manganese and especially ammonium are present in high concentrations, while 
hydrogen sulfide and methane are also present in the groundwater. 

During the removal of ammonium, a lot of oxygen is used. When the ammonium content 
is larger than 3 mg/l, the amount of oxygen necessary for the removal of the ammonium 
is greater than the total amount of oxygen, which can be dissolved in water (saturation 
concentration). 

To prevent anaerobic conditions in the last filter, double submerged filtration or dry 
filtration followed by submerged filtration is used during groundwater treatment with a 
high amount of ammonium.



Dry filtration is followed by submerged filtration because in a dry filter, the 
breakthrough of particles may occur. 

When these materials pass through the dry filter, they are filtered in the submerged filter 
and do not show up in the drinking water. 

An aeration phase is present before every filtration step, so the oxygen concentration is 
high before the water enters the filter and the carbon dioxide is removed 

A dry filter is a filter filled with sand grains with a diameter between 0.8 and 4 mm. A 
layer of water is not present in the filter, like with submerged filtration. 

In the dry filter the water flows down past the grains, at the same time air is flowing with 
the water. The oxygen in the air replenishes the oxygen in the water, which is used by 
bacteria. 

In this way more than 3 mg/l of ammonium can be transformed without anaerobic results 
in the filter. 



Treatment of deep anaerobic groundwater
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Riverbank groundwater
Types of riverbank groundwater

Riverbank filtration is groundwater abstracted directly adjacent to surface water, usually 
from a river. 

The abstraction takes place in such a way that the abstracted water consists mostly of 
surface water. 

This surface water is infiltrated into the soil via the riverbank or the river bottom. 

In this way, a mixture of surface water and natural groundwater is abstracted. 

The residence time of the infiltrated surface water in the soil can be several years. 

In this case we call it riverbank groundwater. This groundwater has the characteristics of 
groundwater, but the chemical composition also reveals surface water. 

The distance between abstraction wells and the river vary between 200 and 1,000 m.
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Treatment of riverbank groundwater



The treatment of riverbank groundwater has many similarities to the treatment of slightly 
anaerobic groundwater.

Riverbank groundwater is, for the most part, “natural” groundwater. 

The other part is surface water that has some of the characteristics of groundwater due to a 
long residence time in the soil.

Depending on the soil composition, higher concentrations of iron, ammonium, manganese 
and methane can be found. 

Furthermore, the hardness can be fairly high because of infiltration of river water. 

Due to high concentrations of ammonium, which are biologically transformed to nitrate, a 
lack of oxygen can occur in the treatment; therefore, an extra dry filtration stage is often 
included.

Activated carbon filtration is also used for the treatment of riverbank groundwater because 
of taste problems and problems with pesticides. Because part of the water is surface water, 
it also contains substances associated with surface water. 



For riverbank groundwater, UV-disinfection is often applied as the last disinfection stage, 
especially if activated carbon filtration is used in the treatment. 

In the activated carbon filters, microorganisms grow due to the breakdown of organic 
material; these can subsequently end up in the water.

With UV-disinfection the microorganisms are killed, without the formation of disinfection 
by-products which are typical for chemical disinfection.

Surface water with direct treatment

From a global point of view, the direct treatment of surface water is the most applied 
method for drinking water production. 

This is mainly because large cities have developed along river banks, making surface water 
directly available.

In order to be suitable for drinking water, suspended solids must be removed together with 
pathogenic bacteria. Over the years the removal of micropollutants has become necessary 
as well, together with the construction of storage basins, to used when the concentration of 
micropollutants is too high. Micropollutants often originate from human activities 
upstream. 



Characteristics of direct treatment

Characteristics of the current treatment of surface water for production of drinking water 
are:

- Storage reservoirs with a retention time of 1 - 3 months, making an intake stop possible in 
case of severe river contamination, and with a depth of over 20 meters to control algae 
growth

- process reservoirs with a retention time of about 1 month and a depth of over 20 meters, 
leading to significant self-purification (sedimentation of suspended solids, ammonium 
oxidation) while still keeping algae growth under control

- Removal of suspended solids by coagulation (adding flocculants), flocculation and floc 
removal by filtration, possibly preceded by sedimentation or flotation

- Primary disinfection using a minimal amount of chlorine or ozone

- Removal of micropollutants by activated carbon filtration

- Secondary disinfection using a minimal amount of chlorine or chlorine dioxide
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treatment of surface water
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production plant (South-Holland) 


