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Glossary 

 
Asdi  Agencia Sueca De cooperación Internacional. 
 
Catchment Any discrete areas draining into a common system; e.g. a roof 

water catchment is all drained by one roof. 
 
Cistern  Tank for water storage. 
 
COP  Colombian Pesos, 1USD=2000COP, 1USD=7SEK 
 
Domestic supply The supply of water for a household. 
 
Ferrocement Construction method involving the reinforcement of cement 

mortar using wire and/or wire meshes. 
 
MFS  Minor Field Study. 
 
Pond water harvesting Water harvested from a pond. 
 
Rainwater catchment Collection and storage of runoff primarily for domestic use and 

water supply.  
 
Rainwater harvesting A general term for most types of rainwater catchments for both 

agriculture and domestic supply. 
 
Runoff coefficient The ratio of the volume of water which run off a surface to the 

volume of rain which falls on the surface. 
 
Sida Swedish International Development Agency. 
 
SSF Slow sand filter. 
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Assigner for this study is Ankarstiftelsen, which is an organisation that has no affiliations 
with a political party. Ankarstiftelsen has its seat in Mölltorp, Västergötland. It consists of 
only a committee of seven people, with Börje Erdtman as the director. All projects that are 
implemented by the organisation are sponsored from different companies and private persons.  
 
Ankarstiftelsen was established in 1996 by Börje Erdtman and Sven Bergholm. The work 
began with a sponsorship in Blumenau in Brazil. Since then, the work has developed and 
increased and nowadays there are a several projects that have been implemented in Colombia, 
Peru, Brazil and Afghanistan. Sponsorships, water cleaning projects and building schools are 
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For further information, visit the homepage www.ankarstiftelsen.com 
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Summary 

This study is a bachelor degree project which focuses on the lack of safe drinking water in a 
small village known as Macedonia in the Amazon basin in Colombia. The inhabitants of the 
village are 850 to the number and have never had access to safe drinking water. To solve this 
problem a system has been built where the rainwater is harvested in a pond and also from a 
church roof.  
 
During the dry season the rainwater in the pond is harvested and pumped into sedimentation 
tanks. Thereafter, the water is led into the sand filtration tanks. While during the rain season, 
the rainwater is harvested from a church roof which is situated at highest level in Macedonia. 
The water is stored in a cistern and then it is led into sand filtration tanks via pipes. This 
means that the pond water and rainwater are never mixed before entering the filtration tanks. 
 
The sand filtration tanks contain about 1000 mm thick layer of sand and under it, a layer of 
gravel which is placed in the bottom of the tank. It takes a while for the water to be filtered 
through the sand filtration tank. Afterwards, it is led into the final tank, where the drinking 
water is stored ready to be used.                                                                                                                                                                           
 
The method of using slow sand filtration (SSF) is suitable for small scale-projects and 
therefore for this project a good idea for making drinking water. SSF requires no mechanical 
power or replaceable parts, this is why the technique is good for purifying water in developing 
and isolated areas.  
 
The result of the system is water with satisfied quality running through pipes and taps, ready 
to be consumed. 
 
   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Key words: rainwater harvesting, sand filtration, Macedonia, Amazon basin. 
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Resumen 

Este estudio es un proyecto de licenciatura en el cual se enfoca la falta de agua potable en una 
pequeña comunidad llamada Macedonia, situada en el tazón Amazonico de Colombia. Los 
habitantes de la aldea son aproximadamente 850, los cuales nunca han tenido acceso a agua 
potable. Para resolver este problema, se ha construido un sistema para aprovechar el agua de 
lluvias, el cual se acumula en una represa y ademas en un estanque en el techo de una iglesia. 
 
Durante la temporade seca, se usa el agua de lluvias, almacenda en la represa. Este agua es 
bombeada a un estanque de sedimentación y posteriormente a una estación de filtración por 
arena, mientras que en la temporada de lluvias, el agua utilizada es el que esta almacenada en 
el estanque del techo de la iglesia, ya que es el punto más elevado de la aldea. El agua es 
almacenada en una cisterna y despues transladada por cañerias a los estanques de filtración 
por arena. Esto significa que el agua de la represa y la del techo, no mezclan antes de entrar a 
los estanques de filtración. 
 
Los estanques de filtación contienen una capa de aproximadamente 1000 mm de arena y una 
capa de grava al fondo. El agua toma un tiempo antas de ser totalmente filtrada a través del 
estanque de filtración por arena. Finalmente el agua es transladada al ultimo estanque donde 
queda almacenada y lista para usar. 
 
El sistema de filtración lenta por arena (Slow Sand Filtration), es más conveniente para 
proyectos de escala menor y tambien para este proyecto, que surtio Macedonia con agua 
potable. La filtración lenta por arena no requiere energia mecanica ni piezas de repuesto. Es 
por esta razón que la tecnica funciona bien para purificar agua en areas aisladas y en via de 
desarollo. 
 
El resultado del sistema es bueno y el agua esta corriendo a través de cañerias y grifos. 
Despues de entrar a los estanques de agua limpia, el agua es lista para consumir. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Palabras: aprovechar el agua de lluvias, filtración por arena, Macedonia, Amazonico de 
Colombia.
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1 Introduction 

 
1.1 Background 
There are about 1.1 billion people on earth who lack access to safe water. Every year, two 
million people die from diarrhoeal diseases, mostly children under the age of five. The 
population in developing countries is most affected, because of living in extreme poverty [1].  
 
This bachelor degree project will be focused on the problem of drinking water in the small 
village Macedonia. The population has never had access to fresh water; therefore the 
inhabitants have always fetched water from the Amazon River, which is not good for 
drinking. Macedonia has a big precipitation that can be used to harvest rainwater which will 
be further purified in order to have access to fresh water [2]. 
 
1.1.1 UN Millennium Development Goals 
In year 2000, all countries in the world presented eight development goals which shall be 
achieved in the year 2015. The goals are set up because of various situations throughout the 
world. The goals are:  
 

1. Eradicate extreme poverty and hunger 
2. Achieve universal primary education 
3. Promote gender equality and empower women 
4. Reduce child mortality 
5. Improve maternal health 
6. Combat HIV/AIDS, malaria and other diseases 
7. Ensure environmental sustainability 
8. Develop a global partnership for development 

 
Target for goal no.7 is partly to halve the proportion of the population without sustainable 
access to safe drinking water until year 2015. Problems with no access to safe water are well 
documented and together with poor hygiene, they contribute to about 88 % of the deaths of 
children under the age of five due to diarrhoeal diseases [3]. 
 
Today in Colombia there is a big deficiency of safe water, but it is developing in the right 
way. According to UN, 34 % of the population in the rural area, lacked safe water in the year 
2003. Latin America is one of few regions in the world which is on its way of achieving the 
7th goal. This leads to the potential of achieving the goal in 2015 globally, except in some 
regions of Africa [4]. 
 
Through improving safe drinking water, many goals will be achieved, such as reduction of 
child mortality, poverty, hunger and fetching water. Fetching water is a global problem in 
terms of child labour, which results in absence of children in school.  
 
1.2 Aim of study 
There are various ways of fetching water in the Amazon which are poor. Therefore, the aim of 
this Minor Field Study, MFS, is to find a better way for fetching water and purifying it from 
pollutions in Macedonia in the Amazon. The water used today is taken directly from the 
Amazon River. This water is not safe for drinking and often contains mud and organic 
materials and so the water needs to be purified. Rainwater is a better solution because it has 
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less harmful particles. This project is implemented as a pilot project and has never been used 
in the area before.  
 
1.3 Method 
 
1.3.1 Preparing studies 

• During the preparing phase, literature and web pages about rainwater harvesting and 
water purification were studied. Knowledge and inspiration were found in the book 
“Rainwater catchment systems for domestic supply” by the authors John Gould and 
Erik Nissen-Petersen.  

 
• An MFS course was attended before departure. This course was given in Gothenburg 

and information and preparing studies were made. 
 

• Two study visits were made to gain knowledge and understanding about water 
purification. These were made at Reningsverket in Falköping and at Vattenverket in 
Borgunda outside Skövde. At these visits, we were shown how water tests are made 
and what they are testing. 

 
• There was a continuously contact held with our adviser, Börje Erdtman, from 

Ankarstiftelsen for discussions about how to make this project how to make it as 
successful as possible. 

 
• There were also studies made about the country Colombia and its political and social 

situation. 
 
1.4 Delimitations 
The reason why we have used the rainwater and not the water from the Amazon River is 
because our supervisor, Börje Erdtman wanted to find a solution to purify the rainwater. To 
improve the health situation, the water needs to be purified through sand filtration. When 
using river water, a larger amount of pipes and a very powerful motor pump should be 
required and this is not economical durable in this project. 
 

2 Project requirements 

The following requirements for the project were set together with Börje Erdtman: 
 

• The system constructed shall deliver the basic water needed for 280 people in the 
supported area. 

• The system shall be constructed to have a support system for seasons when the 
rainwater is limited. 

• If possible, the system shall be able to deliver more purified drinking water than what 
is demanded. This will create an over consumption so that the water purified not only 
will be used for drinking but also for hygiene, cooking etc. 

• To see if all the villagers in Macedonia can benefit in the water purification system. 
 
To meet these requirements some calculations needed to be done. 
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2.1 Water demand 

The water demand in Macedonia depends on how much water each and every member of the 
community needs each day. The calculations are based on two different water demands. 
 

• Minimum – 1.5 litres per person and day, only water for drinking. 
• Maximum – 3.0 litres per person and day including water for drinking and hygiene. 

 
Based on the population in the area of Macedonia that is directly supported by the water 
system the demand is: 
 
Minimum – 420 litres per day (280 persons). 1275 litres per day (850 persons). 
Maximum – 840 litres per day (280 persons). 2550 litres per day (850 persons). 
 
Demand = X * min/max * days 
 
Demand: Total amount of water needed. 
X: Population 
Min/max: 2 or 4 dependent on minimum or maximum demand. 
Days: days per month 
 
 
For calculations see appendix F and G. 
 
2.2 Water supply 
The rainwater supply calculations in Macedonia are based on average rainfall numbers from 
Leticia. According to the calculations, March is the month when least rainwater can be 
collected (13 m3) and May is the month when most rainwater can be collected (28 m3) from 
the church roof. These numbers cover the water demand in Macedonia with marginal, 
meaning that at this point no additional catchment areas are needed. 
 
Supply = Rainfall * Area * Run off coefficient 
 
Supply: Amount of rainwater that can be collected 
Rainfall: Average rainfall in the area 
Area: Catchment area 
Run off coefficient:  The ratio of the volume of water which runs off a surface to the volume 
of rain which falls on the surface. For sheet-metal roofs – 0.8. 
 
 
For calculations see appendix H. 
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3 Area Orientation 

 
3.1 Colombia 
The Republic of Colombia is located in the north western part of South America. Colombia 
has coastlines both to the Caribbean Sea and the Pacific Ocean. The country has a great 
variety of climate and vegetation including both snowy peaks and tropical rainforest. The 
most important trades are coal, oil and coffee. 
 
The population of Colombia is about 45 million people, according to Human Development 
Report 2006, about 3 million of these are living in extreme poverty, which means that they 
have less than US 1 $  for surviving the day. Sweden has had development cooperation 
projects going on with Colombia since the beginning of the 1970´s.  
 
The country suffers from internal armed conflicts that have been going on for over forty 
years. The actors in these conflicts are different guerrilla organizations, paramilitary groups 
and the state. Due to this UNHCHR (United Nations High Commissioner for Human Rights) 
in Colombia, has noted that the human rights situation continues to be very vulnerable. The 
state has failed to protect its people against torture, forced disappearances, arbitrary detentions 
and other cruel and inhuman treatments. Colombia is one of three prioritised countries in 
South America where Sweden and Sida operates. The Swedish support is aimed to sustain and 
create peaceful development, respect for human rights, international humanitarian rights and 
to relive suffer of the conflict effects [5]. 
 
3.2 The Amazon Basin 
The Amazon Basin is a great area of tropical rainforest located in South America. The 
Amazon rainforest stretches over nine countries including Colombia. The Amazon rainforest 
is the richest forest in flora and fauna on earth [6]. Through this forest there is a big river 
floating, the Amazon River. 
 
The Amazon River has the biggest amount of water, compared to the other rivers on earth. It 
stretches from Peru, through the rainforest and 7 025 km from the border of Peru it has its 
outlet in the Atlantic Ocean [7]. 
 
Even though this river has a great amount of fresh water, this water is not suitable for drinking 
without purification and treatment. This makes the situation for those who live around the 
river difficult. This water is not suitable for drinking, but still people use it for drinking when 
they do not have other options. The river is important for the people living around it; the 
water is used for transportation, fishing, cleaning, bathing, washing, sanitation and drinking 
[2]. 
 
3.3 Macedonia 
The village of Macedonia is located about 50 km northwest of Leticia in the Amazon basin in 
Colombia. The only way to reach the village is by boat on the Amazon River, a trip that takes 
about 1.5 hour by speedboat from Leticia.  
 
The village is inhabited by 850 people, divided into 125 families. The inhabitants of 
Macedonia are Tikuna Indians, one of the largest minority groups in the area. Most of them 
speak Spanish, but the older population only speaks Tikuna. The livelihoods of the people in 
Macedonia are mainly agriculture and handicrafts, made to be sold to tourists. See map in 
appendix I. 
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Macedonia has never had access to safe and purified drinking water and the main source of 
drinking water today is none treated water from the Amazon River. Until recently no parts of 
Macedonia had access to safe drinking water.  

 
Ankarstiftelsen’s work in Macedonia has recently resulted in a new school with a water 
treatment plant which provides the school kitchen with treated water from the river. Today the 
school is the only place where the water is safe enough for drinking according to WHO 
standards. Ankarstiftelsen has tried to drill wells in other parts of Macedonia down to a depth 
of 100 meters, but the water found was not suitable for drinking. The water situation in 
Macedonia is therefore emerging. 

 
During the rain season from January to June, most families collect rainwater from their roofs, 
leading the water to water tanks where the water is stored. The collected rainwater is used 
mainly for cooking and drinking, and when there is enough water also for washing. The 
collected rainwater is better than river water for drinking, but it is not good enough [2]. 
Several families also fetch their drinking water in a small river nearby Macedonia, the river 
where they also let their wastewater out. During the dry season most families only use water 
from the river. 
 
According to interviews, which were made in the beginning of the project in Macedonia, the 
knowledge about the importance of safe drinking water is not spread equally among the 
inhabitants. Common illnesses in Macedonia are; fever, flu, head ache, vomiting and 
diarrhoea. Some of the families know that vomiting and diarrhoea are often caused by unsafe 
drinking water, but far from all families have this knowledge. Most of the families, who were 
interviewed, think that the issue of clean drinking water and how to be able to fetch it is of a 
big importance. Every family pays 3000 Colombian pesos (COP) each month for the ability to 
have electricity three hours a day. Most families are willing to pay 5000 COP (equal to 3 US 
$) for the ability to have a drinking water tap installed in the house or close to it.  
 
Each year the families spend from 300 000 – 2 000 000 COP (equal to 130 – 850 US $) on 
medicines and hospital care. The average amount that is totally spend is 800 000 COP (equal 
to 340 US $) each year.  
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4 Design 

The system which was constructed in Macedonia was combined rainwater and pond 
harvesting and water purification system. First in the study, there will be an overview of all 
the steps and after there will follow a deeper explanation to each step. 
 
4.1 Overview of the system 
During the rain season the church roof is used as a catchment area for harvesting rainwater. 
This water is led into the cistern beside the church. After the water has been stored in the 
cistern, it goes in different directions via pipes to three filtration tanks. The water passes 
through the sand filtration tanks and will after a few be clean enough to be led to the fresh 
water tank. There are four tap stations placed in three different directions so that the 
population in the village will be able to fetch and use the drinking water easily. 
 
During the dry season a pond is supposed to work as water harvesting. The pond is located 
approximately 30 meters below the church. Water is pumped from the pond and into 
sedimentation tanks, which are placed on top of the cistern. After the sedimentation tanks, the 
water is led into the filtration tanks. This means that the pond water and rainwater are never 
mixed before entering the filtration tanks.   
 
4.2 Rainwater harvesting system 
 
4.2.1 Rainwater harvesting and water purification system 
After analyse and discussion with local representatives from Ankarstiftelsen and pastor 
Leovigildo Leon in Macedonia, a design of a rainwater harvesting and water purification 
system was made. Parameters to be considered during the design process were: 
 

• Budget. 
• Available materials in Leticia and/or Tabatinga. 
• Ability to use the existing water cistern. 
• Water consumption needs in different parts of Macedonia. 
• Topography of Macedonia. 
• The willingness of the villagers to provide manpower. 
• The willingness of the villagers to adopt and maintain a water purification system. 
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Design 
Due to the above parameters the following system was designed: 
 

 
Figure 1. Rainwater harvesting system. 

 
1. Rainwater catchment area  
The rainwater catchment area is the roof of a church. The roof is made of corrugated steel 
and the area is approximately 164 m2. The run-off coefficient for corrugated steel roofs is 
0.8 (80%) and the 20% loss is mostly due to evaporation and overflow leakage.  
 
2. Gutters 
To avoid leafs and other dirt to be able to fetch in the gutters, pipes are cut and attached to 
the roof, forming a closed “gutter” system as picture 1 shows. The pipes are made of PET 
plastics. The closed system will not only prevent leafs and dirt to enter the system, it will 
also prevent overflow leakage. A self-cleaning inlet is used to sort out leafs that have 
slipped through the gutter system. 
 
3. Water cistern 
A water cistern made of concrete is used as a storage tank for the collected rainwater, the 
volume of the cistern is approximately 40 m3. The cistern is located just beside the church, 
about two meters lower than the roof used as catchment area. The rainwater will be stored 
in the cistern before purification.  

 
4. Outlets and water pipes 
There are two outlets for the collected rainwater within the water cistern. These are 
referred to as outlet number one and two in the above figure. Outlet number one provides 
area A with water, while outlet number two provides area B and C. 
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5. Sand filtration tanks 
Four filtration tanks are used in the system, each tank has a volume of 2000 litres. Two 
tanks are used to purify the water for area A, one tank is used to purify water for area B 
and one tank for area C. The sand filtration technology is described in section 4.2.3. 

 
6. Drinking water tanks 
After the filtration tanks, the water is to be stored in drinking water tanks. In these tanks 
the water is purified and clean enough for drinking.  
  
7. Drinking water distribution pipes and taps stations. 
The drinking water runs out from four water tap stations. Area A has two water tap 
stations, while area B and C have one each. 

 
4.2.2 Roof catchment area 
There are several techniques used to collect rainwater. The most common type of catchment 
area used for harvesting rainfall, is roofs. These are good alternatives due to the fact that most 
houses, schools and even urban cabins in some way have a roof which can be used to collect 
rainwater. Different types of metal-, plastic- and traditional roofing materials such as grass are 
widely used in the developing world and are all good alternatives for roofs collecting 
rainwater [8]. 
 
The method used in this project to harvest rainwater is the above described method; roof 
catchment area. This alternative is the best for Macedonia, due to the fact that there is a big 
church roof that with some corrections is perfect for this purpose. The roof material is 
corrugated steel, which has a high run-off coefficient, estimated to 0.8 in a study made in the 
Gansu Province in China, 1998 [8]. The roof is formed as an upside-down V with the 
possibility to harvest rainwater effectively using pipes as gutters. 
 
 
 

 
Figure 2. Pipe used as a gutter. 
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4.2.3 Sand filtration  

Rainwater always has much better quality than the water from the Amazon River. There are 
two main types of sand filter techniques; rapid sand filter (RSF) and slow sand filter (SSF). 
These two techniques are different in many aspects. Rapid sand filters are more complex, 
costly and often used in water treatment facilities. It also has a more complicated cleaning 
process. It needs to be backwashed, in this case the backwashing is not possible because of 
the construction of the tank. Therefore, RSF is not suitable for small scale-projects. In this 
case, SSF is more suitable for this purification system and therefore also the method chosen 
[9]. 
 

 
Figure 3. Slow sand filtration [13]. 

 
SSF is, in many aspects, the most effective filter for treating undrinkable water. There are no 
difficult techniques and it is easy to understand and maintain. The filters are effectively 
removing bacteria, organic material and viruses from water which causes an unpleasant 
colour, odour and taste of water. The quality that is required is depending on sand size, flow 
rate and the depth of the sand bed. Finer sand size gives a better quality of water produced. 
Sand size which varies between 0.15 and 0.40 mm should give the best quality. The depth of 
sand bed should be between 1200 mm and 1400 mm for best result. The minimum sand depth 
before re-sanding should not be smaller than 650 mm [10]. 

 

    
Figure 4. Sand filter tank.   Figure 5. Gravel in sand filtration tank. 
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SSF is more suitable for small scale-projects and suits the size of this project, to produce 
drinking water in Macedonia. SSF requires no mechanical power or replaceable parts, this is 
the reason why the technique is good for purifying water in developing and isolated areas. 
The cleaning process is less advanced than for RSF. SSF is also a good pre-treatment process 
for surface water which contains parasites and bacteria [9]. 
 
First the water passes through about 1000 mm of sand and then it passes on to a layer of 
gravel and into the last step where the water drains and the sand has removed particles 
through adsorption and straining. A layer of dirt and micro-organisms is created and this layer 
breaks down organic particles biologically. The layer takes about two weeks to create, 
therefore the water which comes through the taps are not suitable for drinking during the first 
weeks. SSF:s maintenance is to rake the sand periodically and clean the filter by removing 
200 mm of the filter surface. New sand has to replace the removed sand after this cleaning 
process has been made. After the cleaning a new layer of biological filter needs to rebuild and 
this process takes about two weeks [13].  
 
The sand in the filtration tank can sink through the gravel and to prevent this sand to travel 
through the pipe and into the fresh water tank, there is a mesh covering the outlet.  
  
 

 
Figure 6. Mesh for not letting sand through into the fresh water tank. 

 
 
 

 
Figure 7. Sand filtration tank and fresh water tank. 
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4.3 Pond harvesting system 
 
4.3.1 Pond water harvesting system 
Periods with limited rainfall, or no rainfall at all, causes problems when the rainwater 
harvesting system can not be used. For these periods, an additional system, purifying water 
from a purposed built pond is to be used. The pond is filled up during the rain just like the 
water cistern is. Together these two systems will have the capacity to provide the system with 
water most of the year. This pond water harvesting system has the following design: 

 

 
Figure 8. Pond water system. 

1. Pond 
A pond was built in a ravine, situated on an altitude about 30 meters lower than the church 
and 20 meters above the Amazon River level. Rainwater from the surroundings is 
gathered in the pond during the rain season. The volume of the pond is approximately 30 
m3. 
 
2. Motor pump 
A Honda WB30XT is used to transport the rainwater from the pond and up the hill. 
 
3. Sedimentation tanks 
Reaching the hill, the water is distributed into two 2000 litres sedimentation tanks. 
Particles in the pond water with higher density than the water itself, starts to sink toward 
the bottom of the tanks; sedimentation. 
 
After this step the two systems, the rainwater and the pond water harvesting system, are 
connected, forming one system. 
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4. Sand filtration tanks 
See rainwater harvesting and water purification system section 4.2.1. 
 
5. Drinking water tanks 
See rainwater harvesting and water purification system section 4.2.1. 
 
6. Drinking water distributions pipes and tap stations 
See rainwater harvesting and water purification system section 4.2.1. 
 
7. Outlet for dirt water 
 

4.3.2 The motor pump 
The motor pump used for pumping up water from the pond to the sedimentation tanks, is a 
Honda WB30XT. This pump is very powerful and is capable of pumping 1000 litres/minute. 
The inlet and outlet is 80 mm in diameter and total head lift is 30 meters. The reason why this 
pump is chosen is because the difference in altitude between the pond and the church is about 
30 meters. The fuel tank has a volume of 3.6 litres, and it is able to pump up to 138 000 litres 
on one tank [9]. 
 
 
 

 
Figure 9. Motor pump. 



 
 

  13  

4.3.3 Sedimentation 

Sedimentation is a method used when undesirable particles exists in water. They are removed 
by using gravity force, the particles with higher density sink to the bottom of the tank. The 
process takes about three hours and to use the good water, a pipe is placed 200 mm from the 
bottom and then lead the water to filtration tanks. The particles are then flushed away through 
another pipe, which is placed at the bottom [9]. 
 

 
Figure 10. Pipe at the bottom at the sedimentation tanks.  

 
The water that goes through the process of sedimentation is from the pond, which is located 
about 30 meters below the sedimentation tanks. In this pond, water is collected from the 
surroundings and rain. The pond has a volume of approximately 30 m3. This pond is meant to 
be used during the dry season, when rainwater is not sufficient to serve the villagers with 
fresh water. 
 

 

 
Figure 11. Pipe 200 mm from the bottom of the sedimentation tanks. 
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The water from the sedimentation tanks is led to the filtration tanks and is filtrated through the 
layer of sand. Water from the pond and rainwater from the catchment area are therefore never 
mixed up before the filtration step. This is to make the cleaning process more effective and to 
get the best quality of the drinking water. 

 

 
Figure 12. Pond built for use during dry season. 

 
 
4.4 Capacity  
The water filtration system in Macedonia has a capacity of filtrating about 2800 litres a day. 
Every minute 0.5 litres of filtrated water passes through each filtration tank. 

4.4.1 Water demand 
The water demand to cover the most basic needs is the need for drinking water and for basic 
hygiene. Our estimation is that each person in Macedonia can use 3 litres a day from the water 
filtration system. This will cover 1.5 litres for drinking and the same amount of water for 
basic hygiene such as hand and intimate hygiene. 3 litres per person and day, means that the 
water cistern can hold water for 15 days with full use for all the villagers in Macedonia.  
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5 Alternative solutions for the system 

During the project, different solutions for how to construct the system were discussed. These 
were not chosen in the end but are worth to be mentioned.  
 
5.1 Alternative for sand filtration tanks 
An alternative was discussed if there was a possibility to use the water cistern to build a 
combined storage and filtration system for the rain water. The method of using the sand 
filtration technology would be the same but instead of using separate sand filtration tanks 
separately the cistern could contain a sand filtration system within itself. If a layer of gravel is 
built in the bottom of the tank and a layer of sand upon it would function in the same way as 
with separate filtration tanks. This method was not chosen because it would be too difficult to 
transport gravel and sand into the tank and also difficult to control the quality of the filtration. 
With four smaller tanks it is easier to maintain a good quality in all tanks with regular 
controls. If a problem is found with the filtration in a small tank, it is easier to replace the 
filtration system with new gravel and sand than in a larger tank. With four sand filtration 
tanks three can always be running even if one is not functional due to a problem. 
 
5.2 Alternative for church roof as catchment area 
In the future, if the church roof would not be used as a catchment area or if there will be a 
need for a bigger permanent catchment area there is a possibility to build an additional roof 
over the tank that is V-shaped. On the top of the tank, there is an inlet today, which is not 
used. This inlet can be connected to the built roof leading the caught rainwater into the 
cistern. 
 
5.3 Additional catchment areas 
Tarpaulins can be used as temporary additional catchment areas. These could be attached to 
trees, roofs etc and can then be connected to pipes leading to the cistern. Tarpaulins are easy 
to store when not used and are easy to fit up in a short time. At this moment no extra 
catchment areas are needed to be able to supply Macedonia with water and this method were 
therefore not chosen to work with but can be in the future. 
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6 Analysis/discussion 

During our stay in the Amazon basin doing our bachelor degree project, there were some 
smaller problems and issues met.  
 
Approximately 280 persons will benefit from the water system in Macedonia and also the 
children’s day care and medical station will be able to use the clean water. One of the taps is 
placed near a walking path that most of the inhabitants pass each day and this makes it easily 
accessible. See the left side of the map in appendix I. 
 
6.1 Access for the area  
The method of using sedimentation and sand filtration to purify rainwater, so that it can be 
used as drinking water, is a method that suits the conditions in the Amazon basin well. 
Materials needed to build systems like this can be bought in both the Colombian and the 
Brazilian side of the region and the most important thing of all, the region has enough of 
rainwater to run the system.  
 
It is important to be aware of the different seasons that this region has. During the project we 
noticed, that the rainfall data which we had collected for Leticia, was not reliable for 
Macedonia. The rainfall data for Leticia was higher than for other parts of the region still it 
will rain enough for the system to be successful. We recommend other villages in this area, if 
possible, to adopt the idea of using rainwater as drinking water.  
 
6.2 Sand filtration 
During the elimination of bacteria in rainwater, there are various techniques that are better 
than sand filtration, such as infra red light and chloral. Unfortunately, these techniques were 
mainly not used because they are expensive, demand a lot of knowledge and require more 
maintenance than sand filtration.  
 
According to our adviser from Ankarstiftelsen, we did not need to take these aspects into 
consideration, because rainwater passing through sand filtration is always better than the 
alternative they had before. Sand filtration reduces up to 90 – 99 % of bacteria’s and viruses 
in water. 
 
6.3 Pond 
Two alternatives were considered to the additional system with sedimentation, the first was to 
pump water from the Amazon River and the second was to build a pond in the ravine close to 
the church. The first alternative would have been very expensive because during dry season, 
the river differs with the altitude of 40-55 meters. This means that the pump needed to be very 
powerful and about 500 meters extra pipes had also been needed. This was not acceptable in 
this small-scale project. 
 
The second alternative was chosen because it was considered as more economical. The ravine 
is located about 100 meters from the church with an altitude difference of about 20 meters. 
During rain season, rainwater from the surroundings gathers in the ravine. The decision to 
build a pond, in the ravine to be able to collect the water in one place, was taken. The 
villagers built the pond by using sandbags and mud. The result was an approximately 30 m3 
big pond. This pond will sometimes dry up, but together with the water that is stored in the 
water cistern, there will be enough water during dry seasons.  
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A few weeks after our return to Sweden, the pond dried up. Our supervisor from 
Ankarstiftelsen, decided to move the additional water harvesting to another place. 
 
6.4 Season of project start 

We were in the Amazon from the month of April until June, which is the end of the rain 
season. During these months there are limited rainfalls. Sometimes it rains for several days in 
a row, while sometimes there is no rainfall for weeks. Due to this, our project will show the 
best results in the end of the next rain season. The system is depending on the rain season for 
covering up the need during the dry season. The cistern will store the water until dry season. 
 
6.5 Project success 

How well the method will succeed is a question of how well the villagers will adopt the idea 
of using rainwater as a drinking water source. The maintenance of systems like this is limited 
and for most people the function of the system is easy to understand and learn.  
 
In the project start, interviews were done and people seemed to be positive to the project and 
to use the system for an improved health. To make interviews in Macedonia was a good start, 
because the villagers understood the purpose of why we were in their village and they were 
also involved in the project from the start. People talked to and interviewed all seemed to be 
positive to use the system for fetching their drinking water.  
 
The quality of the drinking water will not only be better than before, it will also be easier to 
collect. 
 
A water master was instructed of how to run and maintain the system, he will be paid monthly 
by the village of Macedonia. To have a person in charge of the system, improves the chance 
of this project to be successful.  
 
Ankarstiftelsen is going to the Amazon Basin twice a year and when coming to the area, there 
will be visits to Macedonia to see how the project is running. During the rest of the year, there 
are representatives working in Leticia who are in charge of the project. This is a guarantee for 
our project to maintain and succeed.    
 
6.6 Different types of materials 
The existing system was built with materials from Colombia and these were found in a good 
condition for reusing. At the time for our project the prices of material were much cheaper in 
the neighbour town, Tabatinga. Some prices for material were up to five times higher in 
Leticia than in Tabatinga. We had to take the budget in consideration and we decided to buy 
materials from Tabatinga. Unfortunately the dimensions of the pipes varied between the 
countries. To solve this, there was an “expand and shrink attachment” formed. Pipes from 
Colombia were heated and the plastic expanded and could easily be attached to the Brazilian 
pipes. When cooling the plastic pipes, an expand and shrink attachment was formed. Of 
course the best way would have been to use the same dimension of pipes, but by taking the 
budget in consideration, this was the only way of solving this problem. 
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6.7 UN Millennium Development Goals 

Several of the UN Millennium Development Goals will with this project be improved and 
hopefully reached. The project gives the villagers, especially children with severe diseases 
like diarrhoea and cholera, a better life situation because of the opportunity of drinking water. 
This will help Macedonia to reach goal no. 4; to reduce child mortality. To reach goal no.5; to 
improve maternal health, the possibility to use safe water during medical services is 
improved. The solution of rainwater harvesting and sand filtration technology is an 
environmental sustainable solution. Using only roof catchments for the harvesting, this causes 
no harm at all on the environment. During long periods this system will not harm the 
surrounding environment at all, in line with goal no.7. The 8th and last development goal, 
talks about the importance of developing a global partnership for development. At this 
moment Ankarstiftelsen is doing a great work in the region forming partnerships in the 
Amazon area. Hopefully this will help the region to develop more.    
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7 Project result 

The 16th of June 2008, the system was finished and the first purified rainwater was running 
through the pipes and taps. Rainwater fetched from the roof were clear and ready to consume 
at this time, while the water pumped from the pond still was not good enough for drinking. 
After the first running week, the water leaving the taps was cleaner and smelled nothing 
compared to the water entering the system from the pond, but still the system needed to run 
for one or two weeks more before the sand filtration will function perfectly. 
 
For the first time, since Macedonia was founded, there is water running through waterpipes. 
Ankarstiftelsen will make a visit in the area in January 2009 and will at that time make water 
tests. This will give us the final result of the quality of the system. 
 

 
Figure 13. A boy at one of the taps with fresh drinking water. 

 

 
Figure 14. Overview of the combined rainwater and pond harvesting system. 
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Appendix A – Economical evaluation 

 
Some aspects in development projects are not easy to evaluate economically. Diarrhoea and 
vomiting are common illnesses among the villagers and better water quality will hopefully 
give them better health and reduce illnesses caused by contaminated water. This will lead to 
lower costs for medical care services and medicine, as well as the fact that people can work 
and feel better. Manpower and improved health status are not easy to evaluate in money, 
while the reduced need for lower medical care and medicine can be evaluated. Health status is 
a long-term aspects and the result of better health status will probably take a while to notice.  
 
Most people in Macedonia do not have a monthly salary of money. The income often depends 
on season and often exchange of goods such as fruit, vegetables and fish is practiced. Some of 
the following estimations are therefore done on the base of gained manpower instead of the 
base of gained salary won by a better health situation. 
 
Halving medical care and medicine costs to 400 000 COP (equal to 200 US $) each year per 
family will totally save 50 000 000 COP (25 000 US $) for Macedonia. Based on this number 
the pay-back time for the water system will be approximately 6 months. This includes the 
operation cost for 10 years. 
 
Gained manpower by reducing days of sickness; 12 days yearly per adult over the age of 18 or 
4800 days total for the adult population of Macedonia. 
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Appendix B – Pay-back time 

 
Calculated on a running time of 10 years 
Halving medical care and medicine costs: 400 000 COP/year/family (1 400 SEK/year/family, 
200 US $/year/family) 
125 families in Macedonia will save: 50 000 000 COP/year (175 000 SEK/year,  
25 000 US $/year) 
Total purchase cost of system: 16 213 040 COP (56 700 SEK, 8 100 US $) 
 
Maintenance cost/year: 1 020 000 COP (3 570 SEK, 510 US $) (manpower and material) 
Maintenance costs, 10 years: 10000.020.1 × =10 200 000 COP (35 700 SEK, 5 100 US $) 
Total cost over 10 years: 16 213 040 + 10 200 000 = 26 413 040 COP (92 400 SEK,  
13 200 US $) 
 

Pay-back time: monthsyear
COP

COP
6528,0

000.000.50

040.413.26 ≈=  

 
Gained manpower 
Reducing sickness days by half to 1 day/month. 
Adults over the age of 18 in Macedonia: 400 
Gained manpower for Macedonia: 40012× = 4800 manpower days. 
 
1 US $=2000 COP, 1 US $=7SEK 
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Appendix C – Manpower 

 
Approximately 2480 man-hours are spent to build the water purification system in 
Macedonia. This equals to one Swedish full time job with an eight-hour workday. 
 
The hours are spent like this: 
Pre-work in Sweden = 2 persons * 100 hours = 200 hours 
 
Work done in Leticia (planning, drawings, purchase etc) = 4 persons * 4 hours * 30 days = 
480 hours 
 
Work done in Macedonia (planning, supervising etc) = 4 persons * 6 hours * 25 days = 600 
hours 
 
Work done by villagers (digging, carrying materials, construction of the pond) = 8 persons * 6 
hours * 25 days =1200 hours 
 
Total: 2480 hours 
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Appendix D – Material costs 

 
 

Combined rainwater and pond harvesting system 
    
Materials Amount Price Total price   
Water tanks, 2000 litres 9 390 000 3 510 000 
Pipelines (m) 500 10 000 5 000 000 
Sand (tonnes) 5 100 000 500 000 
Gravel (tonnes) 5 100 000 500 000 
Water taps 4 3 333 13 332 
Motor pump 1 2 000 000 2 000 000 
Transports for material and personnel 10 300 000 3 000 000 
Salary for one person 1 1 000 000 1 000 000 
Other   689 708 
    
Totally (COP)    16 213 040 

Totally (US $)    6 891 

Totally (SEK)     54 043 
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Appendix E – Average rainfall in Leticia 

 

Average rainfall, Leticia, Colombia 
              

              
Month January February March April May June July August September October November December  
Rainfall [m] 0.21 0.18 0.21 0.2 0.22 0.14 0.1 0.12 0.12 0.16 0.17 0.16  
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Appendix F – Water consumption calculations for the supported area 

 

Consumption           
              

Minimum consumption for drinking water              
Population 280             
Water requirement per person per day 1.5 liters            
              
 420 liters/day            
Total, m3: 0.42             
              
  January February March April May June July August September Oktober November December  
Days 31 28 31 30 31 30 31 31 30 31 30 31  
Total need of drinking water [m3]: 13.02 11.76 13.02 12.6 13 12.6 13 13.02 12.6 13.02 12.6 13.02  
              
Total need/annum: 153.3             
              
              
Maximum consumption included water for hygiene            
Population 280             
Water requirement per person per day 3 liters            
              
Total, liters: 840 liters/day            
Total, m3: 0.84             
              
  January February March April May June July August September Oktober November December  
Days 31 28 31 30 31 30 31 31 30 31 30 31  
Total need of drinking water [m3]: 26.04 23.52 26.04 25.2 26 25.2 26 26.04 25.2 26.04 25.2 26.04  
              
Total need/annum: 306.6             
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Appendix G – Water consumption calculation for all of Macedonia 

 

Consumption             

             
Minimum consumption for drinking water            
Population 850            
Water requirement per person per day 1.5 liters           
             
 1275 liters/day           
Total, m3: 1.275            
             
  January February March April May June July August September Oktober November December 
Days 31 28 31 30 31 30 31 31 30 31 30 31 
Total need of drinking water [m3]: 39.525 35.7 39.53 38.25 39.5 38.3 39.5 39.525 38.25 39.525 38.25 39.525 
             
Total need/annum: 465.375            
             
             
Maximum consumption included water for hygiene           
Population 850            
Water requirement per person per day 3 liters           
             
Total, liters: 2550 liters/day           
Total, m3: 2.55            
             
  January February March April May June July August September Oktober November December 
Days 31 28 31 30 31 30 31 31 30 31 30 31 
Total need of drinking water [m3]: 79.05 71.4 79.05 76.5 79.1 76.5 79.1 79.05 76.5 79.05 76.5 79.05 
             
Total need/annum: 930.75            
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Appendix H – Water supply 

 

Water supply, Church roof, Macedonia, Colombia 
              
Month January February March April May June July August September October November December  
Rainfall [mm] 210 180 210 200 220 140 100 120 120 160 170 160  
Rainfall [m] 0.21 0.18 0.21 0.2 0.22 0.14 0.1 0.12 0.12 0.16 0.17 0.16  
Volume [m3] 33.6 28.8 33.6 32 35.2 22.4 16 19.2 19.2 25.6 27.2 25.6  
Volume including loss [m3] 26.88 23.04 26.88 25.6 28.16 17.92 12.8 15.36 15.36 20.48 21.76 20.48  
              
              
Church roof area: 16*10 m = 160            
Run off coefficient: 0.8             
              
              
Total/annum: 254.72             
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Appendix I – Map over Macedonia 

 


