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Abstract
The purpose of the study is to find a suitable method for removal of iron and manganese
considering local economic and environmental aspects.
El Salvador is situated in Central America with a coast line towards the Pacific Ocean. The
country borders Guatemala and Honduras. Aguilares is a town situated in the department of
San Salvador, with a population of approximately 33,000 people. Currently, the population is
provided with water for about two hours per day, since it is the highest capacity of the
existing wells. During these two hours many households fill a small tank with water to use for
the remainder of the day. The water is not safe to use for oral consumption because of the
levels of bacteria and other contamination. One of the wells, situated in the community of
Florída is not in use at this date because of the high levels of Iron and Manganese in the
ground water which cannot be removed with the present technique.
Ground water is naturally pure from bacteria at a depth of 30 m or more, however solved
metals may occur and if the levels are too high the water is unsuitable to drink. The
recommended maximum levels by WHO (2008) [1] for Iron and Manganese are 2 mg/l and
0.5 mg/l respectively.
Literature and field studies led to the following results; Iron and manganese can be removed
by precipitation followed by separation. Precipitation is achieved by aeration, oxygenation or
chemical oxidation and separation is achieved by filtration or sedimentation.
The different methods all have advantages and disadvantages. However the conclusion
reached in this report is that aeration and filtration should be used in the case of Florída. What
equipment and construction that should be used depends on economic and resource factors as
well as water requirements, which is up to the council of Aguilares to deliberate.

i

Acknowledgments
For making this project possible we would like to direct special thanks to (the member of
Parliament) Mirtala Lopez who made the connection between us and this project. We would
like to thank the mayor of Aguilares Dr. Wilfredo Peña for receiving us so warmly and for
helping us with getting into contact with the right people for our stay.
Special thanks to Carbonell Romero and Jose Diaz for the valuable information provided by
you. Also thanks to everyone at the town hall who drove us and in other ways helped us with
practical matters during our research, Consuelo Leiva, Edwin Alvarado, Jesus Moreno, Raúl
Hidalgo and the rest of the town hall staff. Thanks to Sergio Montes at VA Syd for providing
us with books for our literature studies and input on our work.
Our appreciation to Casa de la juventud with all its staff and members for letting us work in
their facilities and making our stay an enjoyable and pleasant experience.
During our stay in Aguilares we were housed without charge by Roni Escobar, Coralia Rivera
and Flor de María Renderos with families. Thank you so much for your hospitality, your help
was invaluable to us.
Last but not least we would like to give our gratitude to our mentor during this process,
Alexander Eklind for the guidance given.
Margarita Isaeva and Natasha Montes Castro
Skövde, August 2011

ii

Abbreviations and Acronyms
COU
CPE
DBP
EC
EPA
GDP
JECFA
NFA
NOM
OSHA
PVC
US
USD
UV
WHO

Coefficient of utilization
Combined Photo Electrochemical
Disinfection by product
Electro Chemical
Environment Protection Agency
Gross Domestic Product
Joint FAO/WHO Expert Committee on Food Additives
National Food Administration
Natural Organic Matter
Occupational Safety and Health Administration
Polyvinyl Chloride
United States
United States Dollar
Ultra Violet
World Health Organization

iii

Contents
Abstract ...............................................................................................................................................i
Acknowledgments .............................................................................................................................. ii
Abbreviations and Acronyms ............................................................................................................. iii
1.

2.

3.

Introduction ................................................................................................................................1
1.1.

Objective and Requirements................................................................................................1

1.2.

Limitations...........................................................................................................................1

Background .................................................................................................................................2
2.1.

El Salvador ...........................................................................................................................2

2.2.

Aguilares .............................................................................................................................2

Theory ........................................................................................................................................5
3.1.

Drinking Water ....................................................................................................................5

3.2.

Water purification ...............................................................................................................6

4.

Method .......................................................................................................................................6

5.

Results ........................................................................................................................................7

6.

7.

5.1.

Oxidation.............................................................................................................................7

5.2.

Particle removal ................................................................................................................ 15

5.3.

Clear Water Reservoir........................................................................................................ 20

5.4.

Pumps ............................................................................................................................... 20

5.5.

Materials ........................................................................................................................... 21

Discussion and Conclusions ....................................................................................................... 22
6.1.

Summary ........................................................................................................................... 22

6.2.

Suggested construction description ................................................................................... 23

6.3.

Discussion ......................................................................................................................... 25

6.4.

Conclusions ....................................................................................................................... 25

Future Work .............................................................................................................................. 26

References........................................................................................................................................ 27
Appendix I: Calculations .................................................................................................................... 30
Appendix II: Water purification facility drawings ............................................................................... 38

1. Introduction
The objective of the project is to evaluate different methods for removal of iron and
manganese from the water in order to make it drinkable and select the most suitable
alternative according to circumstances in the Florída community of Aguilares. For this
purpose literature studies are made, as well as field studies in the community. The project is
carried out in cooperation with municipality of Aguilares and support of independent experts
in the area of water purification, Sergio Montes, Bulltofta Water treatment plant, Malmö and
Ive Palmborg, Borgunda Water treatment plant, Borgunda.

1.1. Objective and Requirements
1.1.1. Problem Statement

The water in the community in Florída of Aguilares contains high levels of iron and
manganese. High levels, iron >2 mg/l and manganese >0.5mg/l, of these substances can over
some period of time lead to precipitation of these substances and make them visible. Water
containing these levels of the substances is potable; however over a period of many years it
can give negative health effects which are explained in section 1.3. The substances can also
discolour clothing at those levels. This makes many people in the community think that the
water is dirty and unusable which in turn makes them use the water from their own built wells
which contains toxins and pesticides used earlier in the area.
1.1.2. Main Objective

The main objective of this project is to evaluate different methods for removal of iron and
manganese from the water in the community of Florída in order to lower the levels to
recommend.
1.1.3. Requirements



To lower the iron and manganese levels to WHO recommended levels of 2 mg iron per
liter and 0.5 mg manganese per liter.



To obtain a daily treating capacity sufficient for the water usage of the habitants of the
community, 696 m3.



Evaluate and present different methods for removal of iron and manganese.



Present synoptic drawings of the suggested treatment facility, including dimensions
and material evaluation.



The method presented as the best alternative should be environmentally sustainable
and cheapest available.

1.2. Limitations
This project does not include any economic calculations, meaning that no information of
prices is included or researched by the authors, due to difficulty of finding correct prices in
another country and the focus of the project is on engineering, not economy.
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2. Background
2.1. El Salvador
El Salvador is a country with coastline towards the Pacific Ocean. The country borders to
Guatemala and Honduras and it is divided into 14 departments namely; La Unión, Morazan,
San Miguel, Usulutan, San Vicente, Cabañas, La Paz, Cuscatlan, Chalatenango, San Salvador,
La Libertad, Santa Ana, Sonsonate and Ahuachapan. Its total area is twenty one thousand km2
and has a population of approximately 6 million people which gives a population density of
270 habitants per square kilometer. [Wikipedia, IT1]

Figure 1. Map of El Salvador

2.2.Aguilares
El Salvador has renewable water resources of approximately 18.95 km3, (1990). This is the
input of water in the country coming from rainfall, ground water and so on which means this
is the amount of water that could theoretically be used for consumption. The country has a sub
tropic climate with raining period between May and October and an average rainfall of 1.7
m/year. [Travel market, IT2] According to Joel and Wesström (1975) [2], the withdrawal for
human consumption is 5 % of the renewable water recourses, which is 0.95 km3. Of those 4 %
is for industrial use, 89 % for agricultural use and 7 % for domestic use. Which gives a daily
water consumption of 54.2 l/day and person, this consumption includes oral consumption as
well as sanitary and household usage. (For calculations see appendix I)
According to the World Bank [IT3] the annual population growth for El Salvador was 0.5 %
in 2010, and it has maintained the same level (between 0.3 and 0.5 %) during the second
millennium. These numbers will be used for further calculations. Since these numbers are
2

valid for El Salvador, which is a small country, it is safe to assume that they are valid for
Aguilares.
Aguilares is a municipality in San Salvador district, with an area of 33 km2 and a total number
of habitants (2003) of 33,000. The annual rainfall in the area is around 1.7 m and a river
passes east of the town. Most surface waters in El Salvador are contaminated due to lack of
sewage treatment, 98 % of municipal sewage and 90% of industrial sewage are released into
rivers without any treatment. Due to the contamination of surface waters, groundwater is used
for consumption. Most of the households in Aguilares have their own dug wells, 7-8 m deep,
since water is traditionally found at that depth. Unfortunately that is not enough to reach
naturally purified water which is first reached at 30 m depth. Water in the private wells is
contaminated with rests of chemicals earlier used in the agriculture, which causes kidney
diseases. Kidney disease is the second most common cause of mortality in the municipalities
Aguilares, Paisnal and Tejutla. [José Diaz, PR1]

Figure 2. Aguilares marked in red in the department of San Salvador

The public water distribution is limited to two hours per day, since it is the highest capacity of
the existing wells. Therefore most households have a tank of their own (most commonly
around 1 m3) that is filled during the two hours of distribution time and then used for
household and hygiene requirements during the day. This water is only treated by
chlorination, which is bactericidal but does not remove metals and DBPs (disinfection by
products) therefore public water is rarely used for drinking or cooking. Water for those
purposes is normally bought in 20-litre cans or a small household filter attached to the tap is
used but this type of filter has low capacity. [Carbonell Romero, PR2]
The council of Aguilares considers water supply a major issue and has several ongoing
improvement projects. One of them is a drilled well in Florída community. The well is 125 m
3

deep and is calculated to supply 5,500 households, about 12,200 people, which is almost 40 %
of the population of Aguilares. A pump of 30 kW is connected to the well and four tanks are
constructed, one right next to the well and three up-hills for gravitation based distribution, and
the distribution-net of pipes is in place. In spite of all above the well is not in use now, due to
iron and manganese levels higher than recommended. The substances themselves are not
dangerous but they make the water look dirty which makes people mistrust the public water
supply and instead use their private wells. [PR2]

Figur 3. Well, Florída
Figur 4. Tank, Florída

The amount of water that must be distributed in Aguilares to be able to provide the habitants
of the town with the 54 l of water per person and day is approximately 670 m3/day. Taking
into consideration the population growth the number of people to be provided with water can
be adjusted to approximately 13,000 people. The water amount to be distributed is than
adjusted to 700 m3. For calculations see appendix I.
El Salvador had a GDP of 21.8 109 USD 2010, which is 3,500 USD/capita. This can be
compared to Swedish GDP/capita, 49,000 USD/capita or US 47,000 USD/capita the same
year. Furthermore consideration should be taken to the fact that the poorest 10 % of the
population shared only 1.8 % of GDP while the richest 10 % shared 36 % of GDP, 2008.
[IT3]
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3. Theory
3.1. Drinking Water
3.1.1. Ground water

According to Jones (1997) [3] the ground water is naturally very pure after reaching about 30
meters of depth. The reason is that the water is filtrated in the different layers of soil. Bacteria
in the soil bind chemical substances and therefore make the water of acceptable quality. Once
ground water has been contaminated it is difficult to rehabilitate for the same reason. The
purifying process is very slow with a turnover rate of decades as opposed to days for surface
water. Thuresson (1994) [4] writes that when the water is being filtrated in the different layers
of dirt carbon dioxide, CO2, is dissolved because of the saturation of the gas which in turn is
due to discompose of the plant parts. The saturation of the gas increases its solubility. The
long turnover rate together with the high level of CO 2 in the water leads to the dissolution of
other substances in the water such as the positive ions Na, K, Ca, Mg, Fe, Mn and the
negative ions HCO3, Cl, SO4, PO4 and SiO3. The infiltration also decreases the oxygen level
of the water, turbidity and levels of bacteria and viruses.
Ahmed, et al. (2010) [5] state in their report that the pollution of ground water can be divided
into three main categories, namely organic compounds, microorganisms and inorganic
pollutants. The pollution of ground water with metals of inorganic pollution is a great
environmental health risk because of the fact that metals are not bio-degradable. This means
that it is not discomposed by natural process and will thus remain in the water and pose a
health risk to those who drink the water.
3.1.2. Iron and Manganese in groundwater

Linde et al. (2005) [6] state that iron and manganese, which naturally occur in ground water is
most often removed from water for aesthetic reasons since the substances may cause problems
such as turbid water, precipitation of the substances in the distribution pipes, discolored
laundry and differing taste and odor of the water.
Occurrence of manganese and iron in ground water can threat human health and even lead to
chronic diseases. Further they write that occurrence of manganese and iron in ground water
which will eventually become drinking water is a serious environmental issue and that the
removal of the two substances is essential. Manganese is the fifth most common metal in the
earth crust. [5]
Manganese does not become a risk to the human heath until reaching about 0.5 mg/l
according to a fact sheet released by the Connecticut Department of Public Health (2011) [7].
The same report states that high concentration of manganese can lead to toxicity of the
nervous system over the course of many years causing a syndrome that resembles Parkinson’s
disease. Infants and small children seem to absorb more manganese and excrete less of the
substance than older age groups which leads to them being more exposed to the substance
than others which in turn may affect their development of the nervous system.

5

Odell (2010) [8] states that the diameter of the oxidized iron and manganese particles is 0.220 μm and the density can be calculated as the sum of the densities of every included element
multiplied with their mass-percentage in one molecule of the substance, these numbers will be
used for further calculation.
3.1.3. WHO recommendations

WHO (2008) [1] recommended levels of iron and manganese are 2 mg/l and 0.5 mg/l
respectively. The limitations of iron levels are based on the calculation of 10 % of daily intake
of iron through water (2 l/day) for a person with a body mass of 60 kg, at 0.8 mg iron per kg
bodyweight which is the precaution limit established by JECFA against storage of excessive
iron in the body. Although it is to recommend lower levels from aesthetic point of view.
Very high levels of manganese may have neurological effects following consumption of
drinking water containing high levels of manganese, although no single study is scientifically
suitable. The evidence from actual daily intake and toxicity studies on laboratory animals
given manganese in drinking water shows that 0.5 mg/liter should be sufficient for protection
of public health. The guideline value is calculated for 0.06 mg manganese per kg bodyweight
for a person with a body mass of 60 kg and 20 % of daily intake of manganese through water
(2 l/day). [1]

3.2. Water purification
Because of the risks of malfunction in machinery or contamination, the treatment of water
should strive to be as simple as possible, according to the National Food Administration
Sweden (NFA) [9]. Chemical usage should be prevented as much as possible for different
reasons such as work environment and economic reasons. Chemicals cost money and
therefore it may become unsustainable as a method for economic reasons. In the case of iron
and manganese in groundwater it is often sufficient with aeration and filtration of the water to
lower the level of these substances to acceptable levels. [6]

4. Method
The method used in this study is mainly literature studies but a field study of the actual
purification systems in the area at the moment was also conducted. The field study was
carried out in the municipality of Aguilares located in the department of San Salvador in El
Salvador. The water wells and tanks were visited and studied to analyze the current
purification systems and the quality of the ground water. This information is the ground for
the study and the results. The information about the quality of the ground water was provided
by the Ministry of Public Health and Social Service in Aguilares who perform the quality tests
of the water. The municipality of Aguilares with their experts and technicians provided the
help and information regarding the construction of water tanks, distribution net and wells.
Information gathering was carried out as a preparation for the field studies. The information
gathered was foremost in the fields of water purification techniques, chemistry of ground and
surface water and Swedish and international regulations concerning drinking water. Book
sources provided by VA Syd and others were used as well as internet sources.
6

An excursion to Borgunda water treatment facility was made for further information
gathering.
The gathered information was analyzed and evaluated to provide the suggestion best suitable
for this particular case. Comparing aspects of the different methods to each other. The best
suggestion is oxygenation in combination with sand filtration.

5. Results
All sources of literature studies indicate same structure of solution of the problem of high iron
and manganese levels: precipitation followed by filtration although different methods to reach
the precipitation are mentioned. Precipitation is the chemical reaction where solved ions in the
water form larger molecules and form bigger clumps that can easily be removed by filtration.
Filtration means that the water passes through a grind or in this case a filter with smaller
perforations to remove precipitated substances or other debris from the water.

5.1. Oxidation
Oxidation is the method of adding oxygen into the water, which is done for the following
reasons: disinfection, precipitation of iron and manganese, disintegration of sulphur hydrogen,
removal of humus, removal of smell and taste and removal of other organic substances.
There are several methods of oxidation, most common are aeration and chemical oxidation
but electrochemical oxidation has been proven to be very effective as well although the
method is not used in larger scale. [4] Oxidant requirements and reaction times for oxidation
of iron and manganese per mg/L of substance can be seen in the table below. [8]
O2
O3
ClO2
KMnO4

Fe
0.14 mg
0.43 mg
1.2 mg
0.94 mg

<1 min – hrs, pH-dependent
<2 min
<5 min
<5 min

Mn
0.29 mg
0.67 mg
2.4 mg
1.92 mg

80 min – days, pH-dependent
<5 min
<5 min
<7 min

Table 1. Oxidant requirements and reaction times

5.1.1. Aeration and oxygenation

Aeration is the process in which air is added to the water for cupellation of gases or
oxygenation, a chemical reaction between substances in the water and oxygen in which the
substances are transformed into a heavier phase in which precipitation will occur. The
maximal amount of oxygen that can be dissolved in the water depends on the temperature of
water, at standard calculation value of 20°C 9 mg of oxygen is dissolved per liter water. The
air contains, at 20°C and pressure of one atmosphere, approx. 300 g of oxygen per m3. Uptake
of oxygen depends also on existing oxygen level of the water and duration of contact with the
air. [4]
Reactions with oxygen:

Ferried ions + oxygen + water => ferried hydroxide + hydro ions
7

Manganese ions + oxygen + water => manganese dioxide + hydro ions
Ferried hydroxide and manganese dioxide can be removed by filtration. [4]

Figur 5. Bubble size – velocity diagram

According to Kiviloog and Fjäll (2001) oxygenation is achieved by admixture of oxygen into
the water through a diffuser (see following passage). Oxygen uptake depends on the area and
duration of contact between water and air. For porous air diffusers this means that the size of
the bubbles should be relatively small, since surface area is bigger in proportion to their
volume and they rise slower, which gives a longer contact duration. According to diagram,
figure 5, the slowest rising bubbles are those with diameter around 6 mm, and same velocity
can be reached at around 1 mm. [10]
5.1.1.1.

Ejector air diffuser

Ejector diffuser is basically an air pipe inside of the water pipe, the inner edge of the air pipe
is dilated, which leads to under pressure in the water which creates suction in the air pipe,
eliminating need of a fan or an air pump. The diameter of the water pipe increases twice and
the central part is equipped with three rings for better mixture. The lower edge of the pipe is
equipped with a circular plate with three braces, this way the oxygenated water passing
through is constantly mixed with the water in the tank. [10]
This diffuser can either oxidize entire daily volume, allowing prolongation of reaction time, or
be refilled every 1.5 h, allowing dimension reduction. Example of dimensions, for a flow of
696 m3/day, could be
m for total oxidation and
m for partial oxidation,
refilled 16 times/day, 10 min for emptying and refilling, see appendix I.
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Figure 7. Enlargement of the opening

Figure 6. Ejector diffuser

5.1.1.2.

Drip air diffuser

In a drip diffuser the water is dripping down from one plateau to another, in a closed tank,
meeting a stream of air in the opposite direction. An improved form of drip air diffuser is
more commonly used for cupellation, in which the plateaus are smaller and placed one after
another, first in one direction and then the other through the tank slightly sloping and with air
passing through between the plateaus at the dripping point. [4]
A flow of 696 m3/day≈0.484 m3/min during 80 min is about 38.7 m3 water is spread on the
plateau surfaces and in between them at the same time. Example of dimensions, with 50
plateaus at 20 cm distance, could be
m.

Figur 8. Drip air diffuser
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5.1.1.3.

Inka air diffuser

Inka air diffuser, also called bubble diffuser, is commonly used for cupellation. The water is
sprayed in, in a slime line along one side of the tank on a strainer and the air is blown in
beneath the strainer. A layer of bubbles 10-20 cm builds up on the strainer. [4] At a daily flow
of 696 m3/day about 38.7 m3 water is spread on the strainer at the same time. A layer of 15 cm
gives the surface area of 258 m2, which is
m. Bottom air diffuser allows also some
control of the bubble size.

Figur 9. Inka air diffuser

5.1.1.4.

Aeration staircase

Aeration staircase is probably the simplest method from the construction point of view; the
water is simply floating down the staircase from one basin to another, slowly dripping over
the stair edge. The principle of the staircase is simple, a large air contact area and repeated
separation of water into smaller equivalencies surrounded by air. Since the air is supplied
straight from the atmosphere it is highly important that the surrounding air is free from
pollution in order to avoid further contamination. [4]
About 38.7 m3 water is spread on the staircase at the same time, the water layer is supposed to
be very thin, for a layer of 3 cm it would mean a total horizontal and vertical area of 1,260 m2,
which is a staircase of
m. A 30 m wide staircase with 50 stairs, 26 cm high and
60 cm wide.

Figur 10. Aeration staircase
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5.1.1.5.

Bottom air diffuser

Bottom air diffuser is normally used for aeration of sewage water. The principle is simple the
air is blown in at the bottom of a tank, creating a circulation of the water during oxygenation.
[4]
This diffuser can either oxidize entire daily volume, allowing prolongation of reaction time, or
be refilled every 1.5 h, allowing dimension reduction. Example of dimensions could be
m for total oxidation and
m for partial oxidation, refilled 15 times/day,
10 min for emptying and refilling. Bottom air diffuser also allows some control of the bubble
size.

Figur 11. Bottom air diffuser

5.1.2. Chemical Oxidation

For oxidation following oxidants are used: Oxygen O2, chlorine Cl2, chlorine dioxide ClO2,
potassium permanganate KMnO4 and Ozone O3. Oxygen is described in previous sections and
chlorine is considered insufficient for removal of manganese. Below follows a more detailed
description of oxidation by chloride dioxide ClO2, potassium permanganate KMnO4 and
Ozone O3, since those are the chemicals best suitable for precipitation of both iron and
manganese (see table 2). [4]
O2

ClO2

O3

KMnO4

Iron

G

G

G

G

Manganese

B

G

G

G

Table 2. Oxidant efficiency G-good, B-bad

5.1.2.1.

Chlorine Dioxide

Chlorine dioxide (ClO2) is widely used for water purification due to the ability of disinfection,
oxygenation and odor control. For water treatment aqueous solutions of 0.1-.05% ClO2 is
commonly used, although some generators produce a continuous supply of diluted gas,
allowing the usage of most of the diffusers mentioned above for admixture. According to
Environment Protection Agency (EPA, 1999) [11] those are to recommend since the aqueous
solution will emit ClO2-gas into the tank where it is held, creating a security risk. Chlorine
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dioxide is explosive at higher concentrations than 10% per air volume and cannot be stored or
transported in pressure tanks as other gases; therefore a ClO2 generator is needed on the
location of water treatment.
The require generator for oxidation of 3 mg/l iron and 3 mg/l manganese at daily flow of 696
m3 should have capacity of 500 g/h, prices of such generator is somewhere around 4,500
USD. (alibaba.com)[IT4a]
Chlorine Dioxide reaction:

Ferrous iron oxidizes into ferric iron, which can be removed by filtration, chloride ion and
water. (Abode et al., 2004) [12]

Manganese reaction with chlorine dioxide creates manganese dioxide that can as well be
removed by filtration leaving chlorite as a byproduct. (Kohl and Medlar, 2006) [13]
Use of chlorine dioxide leaves chlorite, chlorate and organic DBPs as byproducts. The
concentration of chlorine dioxide leaving the water treatment system must be lower than 0.8
mg/l and the concentration of the chlorite should not exceed 1.0 mg/l in the distribution
system according to EPA, therefore daily sample taking is required. [11]
Risks:
1. Chlorine dioxide causes skin and respiratory organ irritation, may cause headaches,
bronchospasm, pulmonary edema and at long exposure chronic bronchitis. Exposures
limit 0.3 mg/m3, short time exposure 0.9 mg/m3. [PureLine Treatment systems, IT5]
2. In generators the ratio of sodium chlorite to hypochlorous acid is very important since
insufficient chlorine feed leaves chlorite and excessive creates chlorate ions. [11]
3. Chlorine dioxide is explosive at higher concentrations than 10 % per air volume. [11]
5.1.2.2.

Ozone

According to Water quality Association (2008) ozone (O3) is a more effective oxidant than
oxygen due to less stable molecular structure and can be admixed through most of the
diffusers mentioned above. Ozone has the ability of oxygenation, disinfection and odor
control just like chlorine dioxide in addition it does not leave any byproducts. The
disadvantage of ozone reactivity is that O3-molecules react with each other breaking down
ozone to oxygen, which means that ozone cannot be stored and an ozone generator is needed
on the location. [14]
The require generator for oxidation of 3 mg/l iron and 3 mg/l manganese at daily flow of 696
m3 should have capacity of 100 g/h the price of such generator is around 14,500 USD.
(Absolute Systems Inc.) [IT6]
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Ozone reactions:

First the iron oxidizes from ferrous iron to ferric iron and then hydrolyses into ferric
hydroxide which can be removed by filtration.

Manganese reaction with ozone creates manganese oxydihydroxide that can as well be
removed by filtration. [14]
Risks:
1. Ozone exposure may cause headache, eye-, throat-, nose- or skin irritation, respiratory
problems, increased heart rate and low blood pressure. The exposure limit according to
OSHA (Occupational Safety and Health Administration) is 0.2 mg/m3 (during a workday
exposure), 1 mg/m3 is considered immediate danger. [IT7]
2. In choice of the construction material consider that ozone accelerates decomposition of
elastomers. (Committee on Medical and Biologic Effects of Environmental Pollutants,
1977) [15]
3. Over-ozonation may lead to creation of permanganate (MnO4) which, unlike manganese
oxydihydroxide, is soluble in the water and gives it pink color. [14]
5.1.2.3.

Potassium Permanganate

Potassium permanganate is mainly used for oxidation of iron and manganese, taste and odor
removal and control of organisms in the water, it is considered ineffective disinfectant due to
long contact time requirement. Potassium permanganate is provided in powder form, which is
usually diluted into 4 % solution on the location for facilitation of the admixture process,
although it may be added into the treated water as powder. [11]
The cost of a year’s supply of potassium permanganate is around 5,000 USD, if water
contains 3 mg/l iron and 3 mg/l manganese, at a daily flow of 696 m3. [IT4b]
Potassium permanganate reactions:

Ferrous iron oxidizes into precipitants for ferric hydroxide and manganese dioxide. [11]

Manganese oxidizes into precipitants for manganese dioxide. [11]
Risks:
1. Contact with potassium permanganate powder may lead to eye injuries, skin and
respiratory organ irritation and can be fatal to swallow. [11]
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2. Potassium permanganate should be used earlier in the purification process than active
carbon, otherwise it will consume active carbon and less potassium permanganate will be
available for the oxidation. [11]
3. Over-dosage of potassium permanganate results in residuals, which give water pink color.
[11]
5.1.3. Electrochemical oxidation

Electrochemical oxidation (EC) is a process where dissolved substances in the water or other
solution are oxidized by the help of conducting electricity through the water. Combined
photo-electrochemical oxidation (CPE) is the same process performed under irradiation of UV
light which is believed to enhance the oxidation effect of the electricity after previous
research. [5]
In the CPE experiment performed by Ahmed et al., a mercury medium pressure lamp is
immersed in the water to be purified. The mercury lamp emits polychromatic radiation in the
range of 100 to 280 nm wavelength. During the experiments the lamp was coated with a water
jacket to keep the temperature constant. The electrodes consist of a graphite cathode and an
aluminum anode and the electrochemical characterization was achieved with DC power
supply. These processes generate free hydroxyl radicals (OH -) which is a strong oxidant
agent. The Hydroxyl radical is a non-selective oxidant agent which can oxidize both organic
and inorganic substances. The tests were performed on solutions containing the same
concentrations of iron and manganese and with different exposure times. [5]
The results achieved by the CPE method were the following: In a solution containing 5 mg/m3
FeSO47H2O, the concentration was lowered by 98 % after only five minutes to less than 0.1
mg/m3. The manganese, whose concentration is the same, was lowered from 5 mg/m3 to 1.7
mg/m3 in five minutes (66 %) and highly decreased after 20 minutes to 0.2 mg/m3 (96 %).
The lowest concentration of manganese achieved after one treatment was 0.2 mg/m3 which is
higher than the WHO recommendations (0.05 mg/m3). Therefore, a second treatment may be
necessary to remove residual manganese from the water. [5]
The second method tested was the electrochemical oxidation method which is performed by
completely exposing the water with electric field between the anode and cathode and without
the UV radiation. After 10 minutes the dissolved iron was decreased from 5 mg/m3 to 0.1
mg/m3 and the manganese took 5 min to decrease from 5 mg/m3 to 2.2 mg/m3 and after 20
minutes the concentration of Mn was lowered to 1.2 mg/m3. [5]
The third method used was UV radiation in which the water is exposed to UV light in order to
oxidize the dissolved substances. The concentration of Iron was slowly decreased from 5 ppm
to 0.5 ppm in 20 min which was the lowest value reached. The corresponding value for
Manganese was 3.5 ppm after 20 minutes. [5]
According to the authors this shows the low energy produced by UV irradiation and the low
oxidation efficiency which means that alone it is not sufficient for removing dissolved Iron
and Manganese from polluted water. However it is a good complementary for the
electrochemical oxidation method to maximize the effect. [5]
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These processes are considered attractive for solving the issues of high iron and manganese
levels in groundwater, particularly if other compounds are found in the water such as
ammonia or natural organic matter (NOM). [5]

5.2. Particle removal
According to Huisman and Wood (1974) there are a number of filter types and they can be
divided into two main types – pressure and gravity filters. Pressure filters consist of a vessel
which is enclosed and contains the filter medium through which the water is forced under
pressure. This type of filtration is used often in industries where a high degree of automation
is needed, which is not valid in this case and therefore they will not be further described or
treated in this report. [16]
The gravity filters consist of a basin with an open top which is partly filled with the filter
medium. The basin is drained at the bottom and the raw water is admitted to the space above
the sand and flows downward through the sand and filtered by cause of gravity. The
purification takes place during the waters downward passage through the sand by mechanical,
biological and chemical processes taking place in the sand. [16]
The gravity filters are in turn divided into slow sand filters and rapid sand filters and they are
further described in the following sections. [16]
According to Sergio Montes the filtration part of the purification process should always be
divided into two or more parallel “lines”, that is to have two or more basins working parallel
to each other. This is done so that when one basin is being maintained, the other/others are
still working and in this way the process will not come to a stand-still. The different basins
should be able to treat the total flow (696m3/day) of water or at least 2/3 of the flow. [PR3]
Filter sand is bought from specialized companies and the price of the sand lies around 275
SEK/25 kg (25 kg corresponds to approximately 17 liters) (Stig Lundahl) [PR4].
5.2.1. Slow sand filtration

Slow sand filtration is also called biological filtration because of the biological processes that
take place in the sand during the waters passage through it. The purification takes place
accordingly: The water is fed through a raw water inlet into a water reservoir which rests
above the filter bed. The water will remain here for 3 to 12 hours on its downward passage,
depending on the velocity of the filtration. During this time the heavier particles in the water
will descend to the bottom of the basin which is also the surface of the filter bed. Smaller and
lighter particle will coalesce into bigger particles that will more easily be caught up further on
in the filtration process. The water reservoir is usually between 1 and 1.5 m deep. If placed
outdoors the influence of the sunlight will make it possible for algae to develop which will in
turn absorb carbon dioxide, nitrates, phosphates and other nutrients. [16]
On top of the filter medium itself, a thin layer of algae and other forms of life is formed which
is called the Schmutzdecke and is a sort of filter skin. Dead algae from the water above and
living bacteria are consumed and digested within this filter skin, nitrogen is oxidized and even
some colour is removed. [16]
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After having passed the schmutzdecke the water reaches the filter medium which is usually
between 0.6 and 1.2 m deep. The passage through the sand takes several hours. Here the water
will be strained so that particles larger than the interstices between the sand grains are caught
up. The sand works as a very efficient filter since the pore size between the grains of sand is
only 0.155 times the size of the grains (see figure 12) and can therefore retain particles that
are much smaller than the sand grains themselves. [16]

Figur 12. Grain size and pore relation

However the straining process is only a small part of the entire purification process. A
phenomenon called absorption takes place within the sand bed and basically means that
smaller particles that are not retained by the pores in the sand are attached to the surfaces of
the sand grains due to electrical forces. This process will absorb bacteria, viruses and other
particles that come into contact with the grain surfaces. A coat similar to the Schmutzdecke
will be formed on the surfaces of the grains which contains different forms of life that feed
from different types of microorganisms, bacteria among other impurities in the passing water.
Tests have shown that the total bacteria count is reduced by a factor between 1,000 and
10,000 and the E. coli count is reduced by a factor between 100 and 1,000, which would be
sufficient for the case of Florída since ground water is treated. This coating continues about
40 cm down in the sand bed. [16]
Slow sand filtration is considered a microbiological barrier by the National Food
Administration Sweden (NFA). [Ive Palmborg, PR5]
Figure 13 shows the essential parts of a slow sand filter. Raw water is let into a raw water (or
supernatant water as called in the figure) reservoir. The depth of the water should preferably
be kept constant (between 1 and 1.5 m) to keep the same pressure at all time. At the bottom of
the reservoir lies the filter medium, in this case fine sand, which is between 0.6 and 1.2 m
deep. Here is where the filtration and other purification processes take place. Next follows an
under-drainage system to support the filter medium and also to provide the least obstruction
possible for the treated water coming from the filter bed. Regulating valves to control the
velocity of the flow to prevent the level in the reservoir from dropping below a predetermined
level. [16]
Because of the large size that the basins need to be it is a lot more expensive to construct the
facilities than rapid sand filters and they are often constructed outdoors. [PR5]
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Figure 13. Sketch of the basic elements of slow sand filter

The slow sand filter process about
0.15-0.35 mm in diameter. [16]

. The grain size of the sand lies between

The maintenance of a slow sand filter consists of regular filter cleaning when the bed
resistance has increased to the point that further increase would reduce the filtration rate. The
inlet to the supernatant water reservoir is closed and the water level is decreased to about 10
cm or more below the surface of the filter medium. When the sand has dried just a bit the
schmutzdecke and the layer of sand adhering to it can be manually removed by labourers with
shovels or it can be mechanically removed with the help of a machine consisting of a chain of
transporting conveyor belts. After scraping the sand bed, the surface should be smoothed to a
level surface. Next the walls of the reservoir should be well rinsed and swabbed and then the
water level is raised from below with treated water and when the level has risen sufficiently
above the filter bed the raw water inlet can be gradually opened. [16]
The maintenance also includes re-sanding, that is refilling of new sand when the old sand has
reached a minimum level that usually lays between 0.5 – 0.8 m, after all the scrapings. Resanding is performed by excavating 0.3-0.5 m of the total remaining sand (this is the sand that
carries most of the impurities from the raw water), putting this to one side. Next the excavated
part of the bed is filled with new sand and finally the part is covered again with the excavated
sand. If sand is expensive in the area, the sand that is removed from the filter bed during the
scrapings can be thoroughly washed and used for the re-sanding of the bed. [16]
To calculate the size of the sand bed it is assumed that the water from the filter is fed to a
storage tank for later distribution. The hourly output from the sand filter needs to be
approximately 29 m3/h (696/24) to provide the town with water. Assuming a flow of 0.2
m3/m2 h, the area of the filter needs to be approximately 145 m2 (29/0.2). [ITACA, IT8]
Slow sand filtration can be considered to be a “simulation” of the natural filtration process
that takes place in the ground and is therefore almost exclusively used for surface waters since
there is no major point in filtering ground water which has already been filtrated in the ground
soil. Surface water contains higher levels of debris, pollution and bacteria. [PR3]
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5.2.2. Rapid sand filtration

According to Rutberg (1997) [17] slow sand filtration and rapid sand filtration work
essentially in the same way. Water is strained through a layer of sand to remove particles in
the water. The treated water is led out from the reservoir for further treatment and distribution.
What makes the water flow faster through the filter medium is the size of the sand grains,
which is larger in the rapid filters than that of the sand in the slow filters. For rapid sand filters
the grains size lies between 0.6 – 2.0 mm in diameter. This filter type processes
and
for enclosed pressure filters. As mentioned previously the
two filter type’s work in the same way but because of the larger grain size, the impurities
reach further down in the filter medium before settling. Therefore the sand cannot be cleaned
the same way as the sand in the slow filters.
The maintenance of the rapid filters consists of back-flushing the filter regularly. This can be
done with water alone or with water combined with air. The back-flushing is done by having
water stream up “the wrong way” from below and upwards through the sand. The important
thing is that the velocity of the flushing water is high enough to lift all the grains of sand and
to make them rub against each other. For sand with grain size of 0.85 mm, a flushing velocity
of 50 m3/m2 h is normal but factors like filter material, grain size and also the temperature of
the water play in. More specific values can be obtained in the filter mediums’ datasheet. The
flushing continues for about 5 to 10 minutes at full capacity. When returning to filtering mode
it is important to let the initial output of water (about 15 to 30 minutes) go to sewage. [17]
How often the filter bed should be flushed is determined by one or several of the following
factors; after a certain amount of time has passed (usually a few days), after a certain amount
of water has been filtrated, when the turbidity has reached a certain value, when the resistance
in the filter bed has reached a certain value. All the factors depend on the size of the basin, the
larger the size the longer it is between the back flushes. These things are decided first after
using the filter some time.
It is important that the bed is flushed at least once a week and twice a week in the summer
time. If not done, a degradation of the particles will start which will result in reduced water
quality. [17]
When combined with air the filter medium is “flushed” with an air current which makes the
grains vibrate and the dirt is shaken off the grains. The dirt is carried by a relatively small
flow of water. The amount/flow of air used for this should be equal to the amount/flow of
water used when using only water. Air-Water flushing is considered to be more effective than
only water flushing. [17] In the following table (Table 3) are given guidelines the water and
air amount to be used when back-flushing.

Stage 1
Stage 2

Air (m/h)
55
0

Water (m/h)
5-10
15-25

Time (min)
5
5

Table 3. Guidelines for Air-Water flushing

At the flow rate of 10 m/h the required area for a slow sand filter would be as small as 3 m2.
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Rapid sand filtration is not alone counted as a microbiological barrier by the NFA Sweden
however together with chlorination (the addition of chlorine which is bactericidal) it is
considered a barrier. [PR3]
5.2.3. Sedimentation

Sedimentation is the process in which the water floats very slowly through a basin so that the
particles in the water either sink to the bottom or float up to the surface, depending on if the
density of the particles is higher or lower than the density of the water. In this case the
particles will be sinking. The dimensions of a sedimentation basin are ranging from 45-2160
m2, with a depth of 3-5 m, which is sufficient to remove particles with d>15 μm at overflow
rates

of 35-110 m/day. (Nazaroff and Alvarez-Cohen, 2001) [18]

The dimensions of the basin are determined as
(eqn. 1)
where v is sinking velocity of the particle, Q is the water flow and A is the surface area of the
basin; or U is particles velocity forward, H is the depth of the basin and L is the length and W
is the width. Sinking velocity v is determined as
(eqn. 2)
where the correction factor for particles in water is Cc=1, gravity acceleration g=981 cm/s2,
density of water ρf=1 g/cm3, viscosity μ=0.01 g/cm∙s and d is the diameter of the particle, 0.2
– 20 μm = 0.00002 – 0.002 cm. [18]
ρ for the particles that are created by the oxidants mentioned above is:
,
and
[WolframAlpha, IT9]

,
.

From passage 3.2 is known that the requirement is at least 696 m3/day, which gives the water
flow Q=696 m3/day≈7755 cm3/s. For calculations see appendix I. This gives:
For the smallest particles, d=0.00002 cm:

For the largest particles, d=0.002 cm:
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Sedimentation effectively removes large particles at small area, 5.4 – 12.8 m2, but requires
enormous area, 53 – 128 thousand m2, to remove the smallest particles.

5.3. Clear Water Reservoir
In the filtration stage, the water loses its pressure which would be needed to push the water up
to the water towers. Therefore before being distributed to the water towers and distribution
net, the water needs to be led to a clear water reservoir which fulfills several purposes. One is
to have a buffer for the water towers and the second is for the pumps which always need to
have media on the suction side to not ruin the pumps. If there is too little media (water) on the
suction side it causes low pressure on this side. This together with the high counter pressure
on the outgoing side of the pump can cause cavitation which ruins the pumps. A third purpose
is for the back flushing. The water used to back flush the filters is taken from these reservoirs.
[PR3]
There is no specific rule to how large the clear water reservoir needs to be, the important thing
is that it is large enough so that the pump does not empty it in too short of time. For economic
reasons and for the longevity of the pump, the operating time of the pump should be at least
one hour. The clear water reservoirs are usually placed below ground level. [PR3]
The clear water reservoir can be operated in two different ways, continuously or
intermittently. Continuously means that the system is running all 24 hours of the day with an
advanced control and regulating system. Intermittently basically means that it is
predetermined for how many hours the pump will be running and this is determined by how
long it takes to fill the water towers. [PR3]
This reservoir should be dimensioned to be able to provide water for at least four hours to
guarantee that the towers will be able to be filled, which in the case of Aguilares would be
about 116 m3 divided into two reservoirs, one for each filter (see Appendix I for calculations).
The example dimensions of one reservoir could be
m.

5.4. Pumps
According to Engelsson and Övrum (1962) [19] the purpose of a pump is to transport fluid
from one place to another, usually places at different levels of height. A tool for choosing the
most suitable pump is the Q-H-diagram. Each pump has its own diagram. The diagram shows
the hoisting height, H (the altitude for the water to be freighted), the effect of the pump, P and
the coefficient of utilization, η of the pump as a function of the water flow, Q. The two
highest water towers of Aguilares are calculated to be around 15-16 m high and the lowest
ones around 6-8 m. Taking into account the different types of loss it is reasonable to add
about 4-5 m to the height and so the hoisting height to take into consideration becomes 19-21
m. The needed minimum flow is known to be 696 m3/day (=29 m3/h). The chosen pump
needs to fulfill both requirements (feeding the required flow of 29 m3/h and able to pump the
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volume to the required level of 21 m) at its most effective point in the diagram which is when
the η is at its highest level. This is important because when the η is highest, the pump runs
most efficiently and sustainably not only from a mechanical point of view but also from an
economical point of view.

Figure 14. Q-H-diagram of pump. The green line indicates where the COU is at maximum level.

This system would need one pump for each filter bed, connecting the each filter bed to
corresponding clear water reservoir. This pump will be used for the back-flushing of the filter
bed. Next the system would need one pump for each clear water reservoir between the
reservoir and the water towers. These pumps will transport the water from the clear water
reservoirs to the water towers. The capacity of the back-flushing pumps will not have to be as
high as the pumps from the reservoirs to the towers. The back-flushing pumps need to be able
to overcome the pressure from the sand in the filter bed and make it float. It is important
however that the effect does not go much higher than this because it will cause the sand to be
washed away instead of just washed.

5.5.Materials
The components of a water purification facility may be built in different materials for
example concrete, Polyvinyl Chloride (PVC) or glass fiber which are all common when
constructing water plants. What limits or decides which one is used are the economic
resources of the client. [PR3]
PVC is very common when construction for its durability properties and its price since it is a
very cheap material. PVC is not biodegradable and water resistant which makes it ideal when
constructing the clear water reservoirs, however because of the dimensions of the reservoirs
the durability has to be considered. The larger the size of the tank, the higher the pressure
inside of the tank from the water and if this pressure becomes too high it will tend to break the
plastic. Glass fiber is a more durable material than PVC and lighter than concrete, but is
considerably more expensive than the other two. (CES computer program) [20]
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Young’s modulus
Water resistance
UV-resistance
Biodegradability
Price (Sweden)
Density

PVC
2.3-2.4 GPa
Excellent
Good
No
9-10 SEK/kg
1,380-1,400 kg/m3

Glass fiber
11-16.5 GPa
Excellent
Fair
No
21-24 SEK/kg
1,600-2,000 kg/m3

Concrete
15-25 GPa
Excellent
Excellent
No
<1 SEK/kg
2,200-2,600 kg/m3

Table 4. Material properties.

6. Discussion and Conclusions
6.1. Summary
6.1.1. Oxidation method

Oxygenation creates particles of
technology or chemicals, long reaction time.

and

, does not require any advanced

Chemical oxidation all chemicals have less than seven minutes reaction time to lower the iron
and manganese levels to recommended 2 mg/l and 0.5 mg/l.
 Ozone creates particles of
and
, is disinfectant – eliminates need
of chlorination but requires a generator, which is an excessive costs therefore the
method is eliminated.
 Chlorine dioxide creates particles of Fe3+,
and
, is disinfectant – eliminates
need of chlorination but is explosive, requires a generator and chemicals, which is an
excessive costs, therefore the method is eliminated.
 Potassium permanganate creates particles of
and
does not require any
advanced technology but implies chemical expenses. The method is eliminated due to
use of chemicals.
Electrochemical oxidation is a new method, not yet tested in a larger scale, energy-intense,
excessive costs, does not lower manganese levels to recommended 0.5 mg/l in one treatment
and has quite long reaction time, 20 minutes. The method is eliminated due to all
disadvantages.
6.1.2. Diffusers

Ejector air diffuser: static – can be dimensioned for total or partial oxidation, closed –
decreased risk of contaminants entering, low control of admixture. The diffuser is eliminated
since it is static and a constant flow is required for all particle removal methods.
Drip air diffuser: constant flow, closed – decreased risk of contaminants entering, some
control of admixture.
Inka air diffuser: constant flow, closed – decreased risk of contaminants entering, big
structure compared to other diffusers, and allows control of admixture.
Aeration staircase: constant flow, open – increased risk of contaminants entering, huge
construction compared to other diffusers, low control of admixture. Aeration staircase is
eliminated due to larger size.
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Bottom air diffuser: static – can be dimensioned for total or partial oxidation, open –
increased risk of contaminants entering, allows control of admixture. The diffuser is
eliminated since it is static and a constant flow is required for all particle removal methods.
6.1.3. Particle removal

Sedimentation is a simple construction that effectively removes large particles at small area
but requires enormous area to remove the smallest particles. It should also be mentioned that
other contaminants may enter an uncovered outdoor basin. The method is eliminated due to
the large size.
Sand filtration – both are common in Sweden and choosing which type that should be used
should be individually evaluated for each particular situation, taking into account raw water
quality, costs, land available among other things.
 Slow sand filtration requires large surfaces and is therefore usually placed outdoors and
is more expensive to construct. Not needed when handling ground water since this has
already been filtered and slow sand filtration is “a simulation” of the natural process in
the ground. However, because of the microbiological processes it is counted as a
microbiological barrier by The National Food Administration in Sweden and removes
smaller particles due to the grain size used.
 Rapid sand filtration requires smaller surfaces and is cheaper to construct but is not
counted as a microbiological barrier by the NFA Sweden alone, however if used
together with chlorination it is counted as a barrier by the NFA. In many places in
Sweden rapid sand filtration is used after previous flocculation treatments and followed
by chlorination which is sufficient as the raw water maintains a high quality.

6.2. Suggested construction description
As mentioned above the suggested oxidation method is oxygenation, therefore a diffuser is
required. Of the two non-eliminated diffuser (Inka air diffuser and drip air diffuser) Inka
diffuser is to recommend, since the holes on the strainer can be dimensioned to 1 mm
consequently increasing the chance of bubble size being close to 1 mm, see passage 5.1.1. The
strainer itself consists of three thin layers of PVC with holes asymmetrically placed below
each other, in order to prevent water from streaming down through the holes. Since the area of
the strainer is very big proportionally to the thickness a reinforcement framework may be
required.
Outer casing, the wall supporting the strainer and foundation of the diffuser are in concrete,
due to concrete being inexpensive and wieldy material. Although the top of the diffuser may
be constructed in concrete it is to recommend PVC or other material that would make it
possible to remove the top in order to facilitate maintenance. The diffuser is placed above the
ground.
The final construction should contain at least two rapid sand filters, in order to prevent shut
down of the water flow during back flushing. For the same reason it is suggested to construct
two water reservoirs, while the water from one of the reservoirs is used for back flushing one
of the sand filters the water from the other sand filter is stored in the second reservoir. Both
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the sand filters and the reservoirs are simply concrete boxes, the reservoirs are covered and
the filters are open, although it is to recommend adding some kind of coverage for the filters
in order to avoid outer contamination and overflow caused by rain. The filter media is
distributed according to figure 13 and the filters are partially buried into the ground. The
reservoirs are located below the ground.
The air enters the system through the pipe in the center of left edge of figure 15, where a fan,
an air pump or similar intake is located, and exits through the opening on the top of the
diffuser. Water enters the system through the pipe at the left of the front side of the diffuser,
for more detailed drawings see appendix III, and continues below the diffuser into the sand
filters. The water comes either straight from the well through the existing pump or through
gravity from an existing elevated tank.

Figure 15. Overview of the suggested purification facility.

The T-section of the pipe between the diffuser and the filters is equipped with a switch
turning the water flow to left, right or both filters, in order to direct water flow away from the
filter under maintenance. From the filters water continues through the pipes that are not
connected to the pump in between and into the reservoirs, due to self-pressure.
The pump in between the filters and the reservoirs is for back flushing. T-sections of the pipe
on both sides of the pump are equipped with switches directing water from left reservoir to
left filter or from right reservoir to right filter.
From the reservoirs the water is periodically pumped up to the existing distribution tanks.
Since the suggested construction emanates from minimal requirement there is only one pump
after the reservoirs, although it is to recommend two parallel pumps. Also the T-section
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between the pump and the reservoirs is equipped with a switch in order to direct water intake
away from the reservoir used for back flushing.
This construction would have a total price of approximately 40,000 USD in Sweden; the price
will vary depending on the country.

6.3. Discussion
Although it is not the most effective oxidant, oxygen is recommended due to being the only
one meeting the economic and environmental requirements. It is the only method that does
not require a generator or the purchase of expensive chemicals. Therefore it will suit the given
circumstances of El Salvador, which is a country still in development. In order to increase the
efficiency of the process, oxygen gas may be fed from tanks instead of air. Although from a
safety point of view it would require more cautious handling since oxygen gas is explosive.
For the same reason the staff would need safety training.
Considering that constant flow is required for the particle removal methods and in order to
avoid areal waste for intermediate storage tank, diffusers with constant flow are
recommended. The three diffusers mentioned in the report which have constant flow are drip
air-, Inka- and aeration staircase diffusers. Aeration staircase has been eliminated due to the
oversize proportion of the construction and the uncovered design which increases the risk of
contamination. The advantage of Inka diffuser over drip diffuser is that the bubble diameter
can be controlled as opposed to in the drip diffuser. Both types are run by the same amount
and type of mechanical equipment and can essentially be considered equally suitable in this
case. Although the construction of the Inka diffuser is simpler and requires less material.
One clear disadvantage of slow sand filtration is that the facilities are much larger in
comparison to the rapid sand filtration facilities and is therefore also more expensive to
construct. On the other hand it removes bacteria eliminating the need for chlorination after
particle removal. Having good quality of raw water which is usually the case when dealing
with ground water as in Aguilares, rapid sand filtration is sufficient with following
chlorination. Another advantage of rapid sand filters is that they are much easier to clean
although it requires more mechanical equipment as opposed to the slow sand filters which
require much human labour.

6.4. Conclusions
Our recommendation is to use oxygen from air as oxidant and a combination of either Inka or
drip diffuser with one of the sand filtration methods. It is up to the client to decide which
combination suits their needs best after considering economical, human and material
resources.
The population of Aguilares has only during the last few years received running water which
of course is a good thing. However the purification of the water in the municipality cannot be
considered to be sufficient when simple and inexpensive technology exists which would
remove all the dangerous contaminants in that way decrease the number of diseases in the
community. It is understandable that the government has given priority to providing the
population with water which is essential for the human body. In the future we consider that
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investment should be put into developing the technology and facilities for purifying water to
increase the quality of life for the habitants of Aguilares.

7. Future Work
The first thing that is necessary to do in the future is to construct the treatment facility so that
the population can safely utilize the drinking water from the tap all 24 hours of the day. The
next phase should be to connect other wells to a treatment facility so that the water coming
from them can also be purified.
In the long run it would be beneficial if more people in El Salvador would be specialised in
the field of water purification so that it can become a standard procedure for the water supply
of the country.
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Appendix I: Calculations
Water requirement
total withdrawal
domestic use
domestic use
domestic use

Number of habitants of Florída 12,208 adjusted to population growth 0.5 % over 10 years

Daily water requirement is 696 m3

Diffusers
Ejector diffuser
Total oxidation:

Using graphic calculator, table gives at
Partial oxidation:
696 m3/day = 29 m3/h
Reaction time 80 min +10 min refill time = 90 min = 1.5 h

Using graphic calculator, table gives at
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Drip air diffuser
A flow of 696 m3/day ≈ 0.484 m3/min during 80 min is about 38.7 m3 water is spread on the
plateau surfaces and in between them at the same time. The water layer should be very slim,
suppose 1cm, gives a total vertical and horizontal area A = 3,870 m2, l is the length, w is the
width of a level, n is the number of plateaus, d is the distance between the plateaus, o is the
opening between a plateau and a wall and h is the height of the diffuser.

If n = 50, a = 20 cm (which gives

) and o = 1 cm

Using graphic calculator, table gives at
Inka air diffuser
A flow of 696 m3/day ≈ 0.484 m3/min during 80 min is about 38.7 m3 of water is spread on
the strainer at the same time. The layer of bubbles on the strainer is 10-20 cm. A layer of 15
cm gives the surface area of 258 m2.

Using graphic calculator, table gives at
Aeration staircase
A flow of 696 m3/day ≈ 0.484 m3/min during 80 min is about 38.7 m3 water is spread on the
staircase at the same time, the water layer is supposed to be very thin, for a layer of 3 cm it
would mean a total horizontal and vertical area A = 1,290 m2, l is the length of the stairs, w is
the width of the stairs, n is the number of the stairs, h is the height of the stairs, H is the height
of the staircase and W is the width of the staircase.

,

If the staircase is quadratic:
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Using graphic calculator, table gives at

Using graphic calculator, table gives at

and

Bottom air diffuser
Total oxidation:

Using graphic calculator, table gives at

Using graphic calculator, table gives at
Partial oxidation:
696 m3/day = 29 m3/h
Reaction time 80 min +10 min refill time = 90 min = 1.5 h

Using graphic calculator, table gives at

Using graphic calculator, table gives at
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Prices
Chlorine dioxide
Example calculations for iron level 3 mg/l and manganese level 3 mg/l

Closest generator capacity is 500 g/h
Prices of the generator vary from 3,125 – 31,250 USD for capacities from 50 g/h – 25 kg/h.
Price of a generator with a capacity of 500 g/h should be somewhere between 4 and 5
thousand USD.
Ozone
Example calculations for iron level 3 mg/l and manganese level 3 mg/l

Closest generator capacity is 100 g/h
Potassium permanganate
Example calculations for iron level 3 mg/l and manganese level 3 mg/l

Sedimentation
Cc=1, g=981 cm/s2, ρf=1 g/cm3, μ=0.01 g/cm∙s, ρ is the density for the particle substance and
d is the diameter of the particle, 0.00002-0.002 cm.
,

,
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This gives for the smallest particles, d=0.2 μm=0.00002 cm:
(eqn. 2 page 19)

And for the largest particles, d=20 μm=0.002 cm:

From passage 3.2 is known that the requirement is at least 696 m3/day, which gives the
overflow rate Q=696 m3/day≈8056 cm3/s.
This gives for the smallest particles, d=0.00002 cm:
Equation 1, page 19 gives:
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And for the largest particles, d=0.002 cm:

Filter
Slow sand filter:

Assuming a flow rate of 0.2m3/m2 h, the area of the filter bed is:

Rapid sand filter:

Assuming a flow rate of 5 m3/m2 h, the area of the filter bed is:
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Clear water reservoir:

4 hours at the flow rate of 29 m3/h

2 reservoirs

Gives example dimensions of

m

Final construction
Concrete
Diffuser

Reservoirs

Sand filters

Total volume, weight and price

ρ=2,200 kg/m3

PVC

ρ=1,400 kg/m3
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Sand

Total price
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Appendix II: Water purification facility drawings
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