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Abbreviations 
E. coli Escherichia coli 

EPA United States Environmental Protection Agency 

GYDO Gombe Youth Development Organization 

SODIS Solar Water Disinfection 

WHO World Health Organization 

 

Units 

km2 square kilometer 

l  liter 

h        hour  

kg       kilogram  

m        meter  

m!       square meter  

m3     cubic meter  

mg     milligram  

min      minute 

mm       millimeter 

MPa Mega Pascal  

NTU      Nephelometric Turbidity Unit (Unit to measure water clarity) 

pH       potential of Hydrogen  

USh      Ugandan Shilling (1 USD " 2100 USh) 

ºdH     ! Deutsche Härte (Unit to measure water hardness) 
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Preface 
 

Gombe Youth Development Organization 
This final thesis was developed together with Gombe Youth Development Organization 
(GYDO), a local organization that works to help people help themselves in the village Gombe 
in the Wakiso district, Uganda. The organization was formed in 2004. In 2006 the group 
registered as a Non profit/ Non Governmental Community Based Organization.  

To achieve their goal, they work toward seven objectives: 

1. Work towards practical research in the Wakiso district. 
2. Capacity building and career guidance in the district. 
3. Working with other stakeholders to carry out socio-economic interventions. 
4. Create a platform where professional and experienced persons like academicians 

and researchers can easily and freely provide an input into development efforts. 
5. Through partnership, networks and other stakeholders spread developmental 

information.  
6. Mobilize and use resources to influence politicians and laws/regulations that relate 

to the common people of the Wakiso district through constitutionally accepted 
means.   

7. Work with volunteers and donors to accelerate resource mobilization, co-operation 
etc for the concretization of the efforts of GYDO. 
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Summary 
This report is a thesis in mechanical engineering with a focus on development assistance. The 
thesis was carried out in collaboration with the Gombe Youth Development Organization. 

The task was to develop an adequate system to collect, purify and store water in the two rural 
villages Gombe and Kayunga in Uganda. The system takes into account local weather, water 
quality, population, water consumption and types of water sources. 

The final system has a low manufacturing cost, simple maintenance, low operating cost, is 
electrical independent and can be manufactured and repaired with local available components. 

The report presents various types of sources of water and purification of varying suitability 
for these conditions. The report also includes operation and maintenance manual and an 
approximate budget. 

The result of this work is a combined system of rainwater harvesting, flocculation and one "up 
flow" rapid sand filter with built-in storage tank. Given that only rainwater collection is not 
enough to cover a normal sized family of 10 individuals consumption of water, due to this 
water from natural sources is also used. 
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drinking water, purification, development countries, Uganda, harvesting, storage



School of Technology and Science  Water Harvesting and Purification in Rural Uganda  
University of Skövde   J. C. Berdén & J. M. E. Gustavsson 
 

 
 iv 
 

 

Sammanfattning 
Den här rapporten är ett examensarbete i maskinteknik med inriktning mot bistånd. 
Examensarbetet utfördes i samarbete med Gombe Youth Development Organization. 

Uppgiften bestod i att ta fram ett  lämpligt system för att samla in, rena och lagra vatten i de 
två byarna Gombe och Kayunga på Ugandas landsbygd. Systemet tar hänsyn till lokalt väder, 
vattenkvalité, population, vattenkonsumtion och typer av vattenkällor.  

Det slutliga systemet har låg tillverkningskostnad, är lätt att underhålla, har låg driftskostnad,  
är inte beroende av elektricitet och kan tillverkas och repareras av lokalt tillgängliga 
komponenter. 

Rapporten presenterar olika typer av insamlingskällor av dricksvatten och metoder för rening 
med varierande lämplighet för dessa förutsättningar. Rapporten innefattar även drift- och 
underhållsmanual och en ungefärlig budget.  

Resultatet av arbetet är ett system kombinerat av regnvatteninsamling, flockning och ett ”up 
flow” snabbt sandfilter med inbyggd förvaringstank. Med tanke på att endast 
regnvatteninsamling inte räcker till för att täcka behovet för en normalstor familj på 10 
personer, kommer även vatten från naturliga källor även att användas. 

Nyckelord:  

dricksvatten, utvecklingsländer, Uganda, rening, insamling, lagring
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1 Introduction 

1.1 Background 
The resources of water are unevenly distributed around the world. While many industrialized 
countries have almost infinite access to purified water, many developing countries suffer from 
water shortages. About 884 million people have no access to any improved water sources 
(WHO/UNICEF, 2008). Water-related diseases were estimated to cause approximately 3.5 
million deaths in 1998 and 98 % of them occurred in developing countries (WHO, 2008a). 
Waterborne diseases kill more people than any war does (UNDP, 2006). These are just some 
of the reasons why it is so important to invest in water purification. 

In 2003 around 54 % of the population of Uganda consumed untreated drinking water and the 
numbers were even higher in rural areas, up to 84 % (Uganda Bureau of Statistics, 2009). 

1.2 Uganda 

1.2.1 Geography  
Uganda is located on the African continent on the equator and its capital is Kampala. Uganda 
borders to Democratic Republic of the Congo, Sudan, Kenya, Tanzania and Rwanda (CIA, 
2010a) (see figure 1), it covers 241 938 km2 of land and is slightly smaller than the United 
Kingdom. Even though Uganda is a landlocked country the nation contains numerous lakes 
and rivers (CIA, 2010b).  

The climate is tropical and rainy with two dry seasons from December to February and 
between June and August (CIA, 2010a).  

 

Figure 1. The location of Uganda (CIA, 2010a). 
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1.2.2 History  
The borders of Uganda were formed by Great Britain (CIA, 2010a) when Uganda, along with 
Kenya and Zanzibar, was claimed as British protectorate in 1894 (Lonely planet, 2009). The 
boundaries were drawn without any consideration to the people in the area, who came from 
several ethnic groups with diverse cultures and political systems and when Uganda declared 
its independency in 1962 it made it difficult to establish a working political system for the 
nation. The diversity in the country led to years of dictatorship, guerilla wars and abuse of 
human rights under the leadership of Idi Amin and Milton Obote. First when Yoweri 
Museveni became president in 1986, Uganda started to find stability and economic growth 
(CIA, 2010a). 

1.3 Gombe and Kayunga 
Gombe and Kayunga are two small neighboring villages in the Wakiso district with about 
1000 inhabitants, with eight to twelve members per family. At present, the people get water 
from several natural springs, however, none of them are purified. The springs also tend to dry 
out during the dry seasons (Jan-Feb, Jul-Aug; see appendix A for precipitation statistics). 
When this happens, people collect their water from another source; this results in a higher 
outtake from the rest of the sources, Muganwa1. Due to low education only few of the people 
know about the importance and means of water purification. The methods that are used in the 
village are boiling and settling. The low knowledge of the importance of safe water 
contributes to the spread of water related diseases. However, people only seek medical 
attention if the diseases are getting critical, Sekiteleko.2  

1.4 Aim of study 
The aim of this study is to find the most suitable solution to provide the people of Gombe & 
Kayunga with pure drinking water. This includes finding a suitable source to collect safe 
water from, the best methods to collect and purify water and how to store it. This study will 
result in a technical report that includes: 

• The best technical solution to collect, purify and store water, that meets the 
technical requirements specification (see chapter 1.5) 

• Manufacturing-, operating- and maintenance specification 
• Budget of the manufacturing and operating cost 

                                                  

 

 

1 Maurice Robert Muganwa, village elder in Gombe, personal contact 5th March 2010 
2 Michael Sekiteleko, chairman of GYDO, e-mail 4th February 2010 
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1.5 Approach 
This study began with information gathered on different methods to collect, purify and store 
water. A Field study took place in Uganda during March 2010 to screen out the best method 
through collecting and measuring data. 

Data that is taken in account within the results is: 
• weather 
• water quality 
• population 
• water consumption 
• water sources 

The result of this study has to fulfill these requirements: 
• Low manufacturing cost 
• Simple maintenance 
• Low operation cost 
• No electricity needed 
• Must be built and able to be repaired with parts from the local market 

2 Methods 

2.1 Water collection 

2.1.1 Rainwater harvesting  
Rainwater harvesting is an easy method to collect drinking water, and the quality of the water 
is almost distilled. First when the water touches the catchment surface it usually gets 
contaminated (Dev Sehgal, 2005). Removing the first harvested water, so-called first flush, 
can prevent this. A simple way to remove the first flush is to install a first flush diverter 
(figure 2). When the rain starts to fall the first water cleans the catchment surface and fills up 
the first flush diverter, by the time it is full a ball closes the opening and leads the water to the 
main tank. The downside of rainwater harvesting is that it requires double storage, as it is hard 
to purify water at the same speed as it rains. 
  

 

Figure 2.  Flush mode and clean mode (after rainharvest.com, 2010) 

Roofs are commonly used catchment areas for rainwater harvesting. Nevertheless, in many 
developing countries, especially in rural areas, the roofs are made of clay, which gives a low 
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run-off coefficient, or of grass and straws, which is not appropriate since it colors the water. 
For places where there are no suitable roofs, the ground can be used instead in form of a 
concrete slab. A negative side of ground catchment is that the tank must be below the ground 
and that the surface easily gets dirty (Gould & Nissen-Petersen, 2005). 

2.1.2 Surface water and groundwater 
Water located on the earth’s surface (streams, lakes, wetlands, snow and ice) is called surface 
water. When the water is poured, filtered and aquified in the ground it becomes groundwater. 
These two kinds depend on each other. For example if the groundwater is heavily polluted the 
quality of the surface water will be decreased, and vice versa, since all water is connected in a 
circular flow. (Alley, Franke, Harvey, & Winter, 1998). Surface water is mostly contaminated 
with human waste, like pathogens and groundwater is mostly contaminated with chemicals 
and nitrate, since the water sources feed off each other the contaminations can be found in 
both of them (History of Water Filters, 2004). 

Surface water and groundwater are the most common ways to collect water and in fact 
groundwater provides 80 % of Uganda’s rural population with water (British Geological 
Survey, 2001). Surface water is easily collected with a jar placed in the water, see figure 3. To 
access groundwater, a pump is required and a well with a depth often much deeper than the 
water table. Although the water table is high, the depth of the well should be approximately 
30 m to secure a safe water supply (Wellcare, 2003). 

 

Figure 3.  Present water collecting 

In Gombe and Kayunga, boreholes and spring wells are used. During the dry seasons the 
springs dry out (January, February, July and August), Mugnawa3, see appendix A for 
precipitation statistics. 

                                                  

 

 

3 Maurice Robert Muganwa, village elder in Gombe, personal contact 9th March 2010 
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2.2 Purification 
The purification methods presented below are chosen for their low cost and simplicity both in 
adaptation and in operation. They have been previously tested in similar situations like those 
in Gombe and Kayunga. 

2.2.1 Rapid sand filter 
A rapid sand filter is a fast way to remove impurities. Often it needs to be combined with 
another method, for instance flocculation or chemical treatment (BioSandFilter.org, 2004), as 
it is not very effective against biological impurities, taste and smell (WELL, 1999a).  

There are two different main types of rapid sand filters; up flow and down flow, which 
describes the direction of the water flow through the sand. The up flow filter has the 
advantages of not needing as high sand bed as a down flow filter (0.3 m compared to 1 – 2 m, 
see figure 4) (Well, 1999b). The advantage of a down flow filter is that it can manage a water 
velocity between 5 – 15 m/h (Davis & Lambert, 2002), compared to an up flow that only can 
handle 0.5 – 1.5 m/h (WELL, 1999c). 

 

Figure 4. a) down flow, b) up flow rapid sand filter 

Maintenance of the rapid sand filter should be performed when the desired water velocity is 
not fulfilled or when the filter cannot manage to purify the water to a satisfying standard. 
Maintenance is done almost daily by reversing the water flow through the sand bed and the 
process will remove material locked in the sand, also known as backwashing 
(BioSandFilter.org, 2004).  

2.2.2 Slow sand filter 
Slow sand filtration is a highly effective method to purify water contaminated by bacteria, but 
can only manage turbidity up to 20 NTU (depending on the fineness of the sand grains). In 
other cases, a pre-filter can be installed and this can reduce the turbidity by 50 – 80 % 
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(Blackburn & Associates, 2010). Otherwise a preflocculation tank can be used (Muyibi & 
Evison, 1994).  

The slow sand filter is sensitive to water from different sources due to the schmutzdecke 
formed above the sand bed (Lea, 2008). The schmutzdecke is a thin layer of microorganisms 
who eat the pathogens, and takes at least one week to build up. In difference to the rapid sand 
filter, that can start to purify water at once (WELL, 1999b), the filtration rate is 0.1 – 0.3 m/h 
(Davis & Lambert, 2002). Figure 5 shows the design of a slow sand filter, and as the figure 
shows, the slow sand filter also needs a diffuser plate, above the standing water, to prevent the 
schmutzdecke to be disturbed when water is poured into the filter. 

 

Figure 5. Slow sand filter. 

Maintenance of a slow sand filter should be done when the water flow is decreasing under the 
desired rate. To increase the flow rate it is advised to use a method called wet harrowing. In 
this method a bucket of water is poured into the filter and then the water is stirred so the 
impurities are whirled up into the water, and can then be collected (BioSandFilter.org, 2004) 

2.2.3 Natural Coagulants 
There are different substances that can bind particles and bacteria called flocculants; the most 
common one is Aluminum. Low cost alternatives are Moringa Oleifera, Prickly Pear Cactus, 
Strychnos Potatorum and Fava Beans (CAWST, 2009). However, Moringa Oleifera is the 
only one that exists in Uganda. The coagulant is placed in a tank and given time to settle. The 
time for the settlement is dependent on the coagulant substance, if Moringa Oleifera is used it 
takes approximately 2 h (Lemetais, 2006).  

Moringa Oleifera can also be integrated as a coagulant in a sand filter by putting a 2 cm thick 
layer of crushed Moringa Oleifera seeds placed on top of the sand bed. This will replace the 
schmutzdecke that is present in the slow sand filter. This also means that the filter is ready to 
use at once and does not need to wait the required time to build up the schmutzdecke 
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(GlobalGiving, 2009). Moringa Oleifera does not only lower the turbidity by 80 – 99.5 % it 
also removes 99 – 99.9 % of the bacteria in the water (Muyibi & Evison, 1994), see figure 6.  

 

Figure 6. Untreated (left) and treated water (right) purified by Moringa Oleifera seeds. 

2.2.4 SODIS 
SODIS is an inexpensive way to purify small quantities of water. A clean transparent PET 
bottle (1 – 2 l) is filled with untreated drinking water and placed in direct sunlight, preferably 
on a metal covered roof for at least 6 h. If the weather is cloudy the bottle needs to be exposed 
to the sun for two consecutive days (SODIS, 2010), this kills the pathogens in the water and 
makes it safe to drink. For SODIS to work, the water needs to have turbidity lower than 30 
NTU (Laurent, 2005). However, SODIS does not clear the water from taste and smell 
(WELL, 1999a).  

2.2.5 Boiling 
Boiling is an easy, cheap and common way to eliminate contaminations and microorganisms 
in developing countries, but this method is only practical for small amounts. When the water 
has boiled for 5 – 10 min all the pathogens have been killed and the water is safe to drink 
(Davis & Lambert, 2002). 

The traditional African stoves consist of three stones to put the kettle on with a fire in the 
middle; these are very ineffective (Curtis, 2005) and demand a lot of fuel. This leads to 
deforestation and that people need to walk long distances to obtain fuel (Basnyat & Shrestha, 
2003). 

2.2.6 Chlorine 
Chlorine is most effective against pathogens and not as much for turbidity; it will function 
relatively effectively up to 20 NTU (Davis & Lambert, 2002). If chlorine were combined with 
other methods such as rapid sand filtration the turbidity would decrease. Chlorine Bleach can 
be used to purify water with the dosage of 1 part of bleach and 10 parts of water and wait for 
30 min, or longer if the solution still looks cloudy (Water Quality and Health Council, 2010). 
It is important to note that chlorine bleach does not kill Cryptosporidium and may not kill 
Giardia, a pathogen and a parasite that both give diarrheal diseases (Rose & Keystone, 2008). 
It is difficult to determine the correct chlorine dosage, too much gives an unpleasant taste and 
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people will be reluctant to drink it, but a too small dosage will not kill the germs (Conant, 
2005). 

2.3 Storage 

2.3.1 Tank placement 
The tank can be placed both under and above ground. Both have its pros and cons and depend 
on groundwater level, soil type, maintenance level and the cost of the project. For instance if 
it is placed under ground level the material can be reduced by up to 50 % due to thinner walls 
because the surrounding soil helps support the tank. This can be a big part of the project 
budget in a country like Uganda where building materials are more expensive than the labor 
costs. An underground tank can also be cheaper since it does not need any thermal insulation 
to protect the water from being heated by the sun. If the tank is placed above ground there is 
no need for a pump and the water can be obtained from a tap directly from the tank (Thomas 
& Martinsson 2007), more objectives can be found in appendix B. 

2.3.2 Material 

2.3.2.1 Metal 
Steel tanks are the most common tank material in industrial countries. Problems with steel 
tanks are that they often corrode at the bottom. This can be countered by fitting a layer of 
plastic canvas in the tank. The most common steel tanks used in developing countries are old 
oil drums. A problem with these is that they have previously contained chemicals and have 
not likely been properly cleaned. They also tend to be open which is an ideal environment for 
mosquitoes to breed (Thomas & Martinsson, 2007). In Uganda this can be a problem since 11 
% of all deaths in Uganda among children under the age of five are due to malaria (Kiwanuka, 
2003). 

2.3.2.2 Plastic 
Plastic tanks are one of the most expensive tank types, but they are also the most reliable, the 
manufacturer usually gives 25 years of guarantee. In low-income countries, the price is often 
an important issue. To bring down the price of plastic tank, shells are often built of cheaper 
materials (like ferro cement) and then a plastic canvas is placed inside (Thomas & 
Martinsson, 2007). This gives almost the same features as a plastic tank. 

2.3.2.3 Ferro cement 
Ferro cement tanks are a good low-cost alternative to previously mentioned materials. The 
tanks are built with reinforced concrete with metal mesh (often chicken mesh). The 
construction is easy and gives a high tensile strength (Thomas & Martinsson, 2007). Another 
advantage is that it requires low maintenance. The tanks are also easy to repair if cracks arise 
(Rees & Whitehead, 2000). 

The technique is widely spread over Asia and in some countries in Africa, not only for water 
tanks but also for sewer in houses. A disadvantage of ferro cement tanks is that it takes time 
to build them. However, they are still cheaper than plastic tanks. In many developing 
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countries labor force is cheap. The lifetime of ferro cement tanks is at least 25 years (Live 
Earth, 2010). 

2.3.2.4 Bricks 
Bricks are another low-cost construction material that is widely spread in developing 
countries. Many villagers are already producing bricks for sale in Gombe and Kayunga. 
Today they are primarily used to build houses. Since the tensile strength between the bricks 
and the mortar is low, this causes problems in the construction of water tanks. It may be 
necessary to use more mortar than it does to build an equivalent tank of ferro cement (Thomas 
& Martinsson, 2007). Due to the low tensile strength in the bricks (CUED, 2001), this type of 
material is more suitable for watertanks located under ground level; since the surrounding soil 
is supporting the walls. 

3 Field research 

3.1 Water demand 
The water demand depends on the number of people living in the area and how much water 
every single person is expected to drink. According to Hunt (2004) a person needs 2 – 3 l of 
water every day and obtains it through drinking and eating. The total water consumption 
(including washing, cooking and personal hygiene) is about 10 l in a rural village in Uganda 
without piped water (UNDP, 2006).  

The demand of water for one month in Gombe and Kayunga, with a population of 1 000 
people, Muganwa4, is about 10 000 l/day; for an average family with 10 family members it is 
100 l/day where 30 l are used for drinking. 

3.2 Water quality 

3.2.1 Test variables 
Turbidity – Omega Engineering (2010) defines turbidity as an "… expression of the optical 
property that causes light to be scattered and absorbed rather than transmitted in straight lines 
through the sample." This infers that turbidity does not measure color; instead it measures the 
clarity. WHO’s (2008b) usual recommendation is that the turbidity should be less than 5 NTU 
for drinking water (depending on the local circumstances). Higher readings make the water 
look dirty and therefore people would not drink it, even if it would be less hazardous than 
water contaminated with bacteria (Water on the Web, 2008). 

                                                  

 

 

4 Maurice Robert Muganwa, village elder in Gombe, personal contact 24th March 2010 
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Nitrate – If the source of water is located near farmlands, nitrates and nitrites can be present 
in the water, since it is used as a fertilizer, but it is also found in feces. Continuous exposure 
of nitrites can cause various symptoms from shortness of breath to, in serious cases, death 
(Free Drinking Water, 2010). According to WHO (2008b) guidelines, nitrate should be less 
than 50 mg/L. Nitrate cannot be filtered away but there are other ways, it can be removed by: 
boiling the water and collect the steam. When the steam is condensed it is safe to drink. This 
method does not only remove the nitrate but also all other minerals and bacteria in the water, 
and the remaining water gets a higher concentrate of nitrates.  

Another method is blending; it does not remove the nitrate but through blending the water 
with non or less nitrate contaminated water the levels can be lowered to acceptable levels. 
(Runyan, 2007).  

Nitrite – Nitrate is converted to nitrite in the intestine. The WHO (2008b) guidelines suggest 
that the drinking water should contain less than 0.2 mg/l (3.0 mg/l for short-term exposure). If 
the value is higher, it can lead to methaemoglobinaemia (also known as “blue baby 
syndrome”), which reduces the blood’s ability to absorb oxygen. This is a rare disease, and 
can cause deaths among young babies (Accepta, 2009). Removing nitrite from drinking water 
is done in the same way as for nitrate (Runyan, 2007). 

pH – The pH value of a solution tells if the mixture is an acid or a base. In room temperature 
pH 7 is neutral and numbers lower than pH 7 indicate that the solution is an acid. If the 
number is higher than pH 7 the solution is a base (NE, 2010). The pH value is dependent on 
the hydrogen potential in the solution. The lower the concentration of hydrogen ions in the 
mixture, the lower the pH value and vice versa (HVR Water Purification, 1999). WHO 
(2007a) has no specific guideline for what the pH value should be. EPA (1992) however, 
recommends a pH value to be 6.5-8.5. The pH value itself is normally no problem but a low 
value (<7.0) can lead to corrosion on pipes and tanks, which releases metals into the water 
(IDPH, 2010). If the value is high (>8.5) it can cause an alkali taste (WSC, 2007). 

Water hardness – The water hardness indicates if calcium and magnesium are present in the 
water, and is mostly concerned if metal pipes are used (WHO, 2007b) since it corrodes the 
metal. Hard water is however not hazardous for humans to consume (Wilkes University, 
2009). 

E. coli – This type of coliform bacteria are present in human and animal feces. If any E. coli 
bacteria are present in the drinking water, further treatment or another source is recommended 
(WHO, 2008b). Even if most of the E. coli bacteria are harmless this indicates that there is a 
great risk that harmful E. coli bacteria are present (WASDOF, 2007). E. coli is often used as a 
fecal contamination index and can in some cases cause bloody diarrhea and abdominal 
cramps. The signs of illness do not show immediately, but these can appear after 2 – 3 days, 
sometimes up to 8 days. Water contaminated with E. coli can be treated for instance by 
boiling, UV light, chlorine, ozone (EPA, 2006), slow sand filtration (Vanderzwaag, 2003) or 
flocculation (like Moringa Oleifera seeds) (Global Giving, 2009). 
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Arsenic – Arsenic is an element naturally occurring in the bedrock. Because the bedrock 
often has a high pH value and low oxygen content, minerals with high content of arsenic can 
make the arsenic liquefy and dissolve into the ground water (Livsmedelsverket, 2009). The 
WHO (2008b) guidelines suggest that the drinking water should contain less than 0.01 mg/l of 
arsenic, too high levels lead to arsenic poisoning where some of the symptoms are: 

• discoloration of the skin 
• stomach pain 
• vomiting 
• diarrhea 
• numbness in hands and feet 
• partial paralysis 
• blindness 

(CDC, 2008) 

Water with high ratings of arsenic can be removed by implementing nails on top the diffuser 
plate of a sand filter (see figure 5). When the nails are exposed to a combination of water and 
air the nails will soon start to rust and begin to produce iron oxide, which will absorb the 
arsenic and will flow through the diffuser plate and will be trapped on top of the fine sand 
layer (Lea, 2008). 

3.2.2 Observations 
During observations and interviews in Gombe and Kayunga, the following facts have been 
revealed: 

• The water source is situated inside a cow pasture. 
• Several water sources are located close to farmlands, which are fertilized with 

dung.  
• Pieces of soap were found in the water sources (indicates that people are washing 

themselves in the water sources). 
• The toilet is located approximately 10 m from a water source. According to 

Werner with Thuman & Maxwell (1992) toilets should be placed at least 20 m 
from the water sources. 

• The water source is located in densely populated areas. 
 

From these facts the assumption is that E. coli is most likely to occur in the water, and 
according to Ssemugera5 this is the largest problem in the region and present in all previous 
tests made. Therefore, no further tests will be carried out during this study. 

                                                  

 

 

5 Fred Ssemugera, Officer of water and sanitation in the Wakiso district 
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According to British Geological Survey (2001) the type of rock (old metamorphic rock), 
which is present in the Ugandan soil, is not likely to release arsenic in to the water. Therefore 
arsenic will not be a problem in the drinking water in Uganda.  

3.2.3 Test results 
To measure the turbidity, a turbidity tube was built and used. This equipment consists of a 
transparent plastic tube with a measuring scale in centimeters, and a control plate in the 
bottom, as figure 7 shows. To meet the WHO guidelines of 5 NTU the tube must be over 85 
cm. To measure the turbidity: fill the tube with small amounts of water until the control plate 
is not visible any more, read the value on the scale and convert it to NTU with Eq 1 (Myre & 
Shaw, 2006), where the d stands for the depth. 

! 

1NTU =
d

224.13
" 

# 
$ 

% 

& 
' 
(

1
0.662

    (1) 

 

Figure 7. Turbidity tube (after Myre & Shaw, 2006) 

 

Nitrate, Nitrite, pH and water hardness was analyzed with sample sticks (eSHa: aqua quick 
test). The results can be seen in table 1.6  

                                                  

 

 

6 Although other sources have been investigated they are not presented since they gave similar 
or same results as others. 
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Source Turbidity 
(NTU) 

pH Hardness, 
(°dH) 

Nitrate 
(mg/l) 

Nitrite 
(mg/l) 

1. Muganwa borehole 44 7.2-7.6 7-14 10 0-1 
2. Kabanda spring well 61 6.4-7.2 <6 10 0-1 
3. Kizinga spring well 21 6.4-7.2 <6 10 0-1 
4a. Kakembo spring well 56 6.4-7.2 <6 100 1-10 
4b. Kakembo spring well 27 6.4 <6 0 0 
5. Kakembo borehole 8 6.4 <6 0 0 
6. Walugembe spring well 35 6.4-7.2 <6 10-25 0-1 
7. Nababirye spring well 124 6.4 <6 0 0 
WHO guideline 5.0 6.5-8.5 NA 50.0 0.2 

Table 1. Test results 

The test results indicate that the water is slightly acid, but should not be a problem. The major 
difficulty is the nitrate and nitrites in Kakembo spring well. The high concentrates of nitrite 
and nitrate are likely from people who recently bathed and/or washed in the well, since pieces 
of soap was floating around in the well during the first test (4a). Another test were carried out 
some days later and gave significant lower readings (4b). These tests show the importance of 
not using the springs for other things than gathering water. The turbidity is also likely to 
increase during water harvesting from the springs, since the water container is submerged into 
the water and stirs the water.  

Some water holes created by nature are hollowed out by people to increase the water capacity. 
The surrounding habitation is located without consideration to the pollution potential of the 
sources; for example, a number of sources are located near animal enclosures or toilets 
without sewers. Other sources are located near or surrounded by plantations that use manure 
as fertilizer. Most of the water holes are heavily polluted by clothes, shoes and soap. 
However, there are a few spring wells that are more protected from contamination since the 
soil filters the incoming water. For example; Kakembo borehole is, located some distance 
from habitation and cattle management, a protected water source. The downside of Kakembo 
spring well is that when it is overused, the water adopts a bad taste and people start using 
other sources instead, that are more contaminated, Muganwa7 

3.3 Household vs. community purification 
Should every household purify their own water or should there exist a community purification 
station? Both alternatives have its pros and cons. A community purification station requires 
the existence of a person responsible for maintenance and operation. This person certainly 
                                                  

 

 

7 Maurice Robert Muganwa, Village elder of Gombe.  Personal contact 24th March 2010 
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wants to get paid for the job and this can be a problem. There is also a need to buy land to 
place the plant on. Both these statements cost money, and are people, living of less than 1 
USD/day, Sekiteleko8, ready to pay for water they earlier got for free, even if the quality is 
improved? 

If the household alternative is chosen, at least one member of every household needs to be 
informed about the maintenance and how to operate the system. Even this alternative 
demands an investment from the households. This leads to a greater investment in the 
beginning, but will pay off in the long run.  

4 Recomendation 

4.1 Decision basis 
Almost none of the villagers of Gombe or Kayunga owns their land, and there is no 
community owned land so it is hard to build a community purification plant. Therefore we see 
the household type to be more suitable for the village. Even if the families do not own their 
land, they are allowed to build on it since it increases the value of the land, Sekiteleko8. 
During the dry seasons water springs tend to dry out and cannot supply the villager with 
enough water. A solution is to use rainwater harvesting along with the natural water sources. 
However rainwater cannot supply the whole demand of water because of too small roofs (an 
average roof is about 30 m2) (appendix C, more about this in chapter 4.2.1). Since almost all 
the houses of Gombe have metal roofs, which have a high runoff coefficient, the area is 
suitable to collect rainwater. 

To be able to handle different water sources contaminated with bacteria such as E. coli and 
varied turbidity we have chosen a system containing a rapid upflow sand filter and a 
flocculation tank with Moringa Oleifera as a coagulant. The filter is an up flow rapid sand 
filter. With this type of filter, the sand bed does not need to be as high as in a rapid down flow 
sand filter. Due to this, a final storage tank can be embedded at the top of the filter. Since no 
other storage for purified water is needed and less building material through the low sand bed, 
additional money can be saved. Since the final storage tank is embedded at the top of the filter 
it is suitable to place the tank above ground. 

The rainwater tank should have the capacity to handle the whole water demand, but the 
flocculation and filter only needs to manage the drinking water, calculated to be 30 
l/day/family. The purity of rainwater is enough when it comes to personal hygiene and 
domestic tasks. Only water used for drinking and cooking needs to be purified through the 
filter. 

                                                  

 

 

8 Michael Sekiteleko, chairman of GYDO. Personal contact 12th March 2010 
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4.2 Construction details 

4.2.1 Harvesting 
To calculate how much rainwater a roof can supply, the run-off coefficient is a key number. 
This number depends on the material of the collecting area (table 2). Other factors that affect 
the amount of harvested water are the size and angle of the collecting area (figure 8) and the 
amount of precipitation (eq. 2 and 3, where S is the water supply, AC is collecting area, C is 
Run-off coefficient, P is preciptation and AHC is horizontal collecting area).  

Roof catchment Ground catchment 
Material C Material C 
sheet metal 0.8-0.85 concrete-lined 0.73-0.76 
cement tile, machine made 0.62-0.69 cement soil mix 0.33-0.42 
clay tile, machine made 0.30-0.39 buried plastic sheet 0.28-0.36 
clay tile, hand made 0.24-0.31 compacted loess soil 0.13-0.19 

Table 2: Run-off coefficient, C, (after Gould & Nissen-Petersen, 2005) 

 

Figure 8. Angle of the collecting area 

 

! 

S = ACCP      (2) 

! 

AC = AHC cos"     (3) 

The calculation for rainwater harvesting is based on a house with a roof area of 30 m2 (see 
figure 9) and the rainwater tank should be able to contain the water demand for at least two 
months (when the springs tend to dry out). For an average family of 10 individuals the 
consumption is 6000 l in 2 months. The tank, however, does not need to be as large since it 
still fills up when it rains even under the dry season. The tank size is calculated to be 3000 l 
according to appendix C, which also shows that the rainwater should not be used as much in 
the rain season as the tank is meant to reserve water for the dry seasons. 
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Figure 9. The closest house is an average sized home in Gombe with a roof area of 30 m2. 

The demand of first flush diverters is widely spread due to different locations and sizes of 
roofs. On that account, the first flush amount will not be calculated in this report but should 
be done for each family according to appendix D. If the house is located in an area where 
leaves might fall on the roof, a net should be fitted on the entrance system to prevent the 
leaves from entering the water tank. 

The storage tank is going to be built on site of ferro cement since it is not only cheap but can 
also handle higher tensile strength than sundried bricks, and therefore can handle the pressure 
from the water inside. The measurements for the rainwater tank are calculated to have the 
geometry of a standing tube with the radius 0.82 m and the height 1.5 m (this gives an 
approximate volume of 3000 l), which gives a maximum gauge pressure of 0.15 MPa (see 
appendix E).  

Ferro cement is a reinforced concrete, which gives a high tensile strength. The tensile strength 
depends on numbers of different factors such as; mesh openings and materials, the cement, 
sand, water ratio and the classification of the cement. Chandrasekhar, Gunneswara and 
Ramana (2008) have written a paper about a ferro cement configuration, which has a 
maximum tensile strength of 3.72 MPa. Even if it is a pressure in the tank, this results in a 
hoop tensile strength in the material of the tank. The walls should be at least 1 cm thick to 
secure the tank from external forces. They are also recommended to be a little bit thicker 
around the tap, inlet and overflow to prevent leakage (WELL, 1999c). The total amount of 
concrete needed to build the rainwater tank is 181 kg (52.5 kg cement, 105.0 kg sand and 23.5 
l water). Since cement is mainly available in 25 kg bags there will be enough for the bottom 
of the tank and the filter construction as well.  

Figure 10 shows an overview of the rainwater harvesting system. The water comes into the 
system from the right, from the gutter, and passes a first flush diverter (if needed), then 
continues to the tank that is equipped with an overflow protection (at the top left) and a 
transparent plastic tube (on the right hand side). The transparent tube will work as a level 
meter and show how much water there is in the tank. The level meter should be marked for 
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each months indicating how much water there should be in the tank at the beginning of the 
month, see appendix C. 

 

Figure 10. Rainwater tank with a first flush diverter. 

4.2.2 Purification 

To lower the cost of the filter, sun dried bricks and cement have been chosen to build the 
filter, this will save up to 40 000 USh compared to a precast concrete pipe. To determine the 
inner measurements of the filter, the sides are calculated by the volume flow rate, eq 6 and 7, 
figure 11 shows the correlation between volume flow rate, volume and area. 

     (6) 

     (7) 

 

Figure 11. Flow rate, (after Çengel & Turner, 2005) 

Calculated with 2.5 h pause time for flocculation and maintenance of the filter, it leaves 20.5 
h for purification (time, t) of 30 l (volume, V). This gives a volume flow rate ( ) of 0.0015 
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m3/h, together with the water velocity (v = 0.5 m/h for an up flow rapid sand filter) the 
minimum inner area (A) of the filter is 0.0029 m2. With this area the filter would not be stable 
and the embedded tank would not be practical (since it has to be about 17 m high to contain 
enough water) and using an external tank would be more expensive. Our recommendation is 
instead to increase the size of the filter according to figure 12. 

 

Figure 12. Left: The sand filter seen from the side. Right: from above. 

With this overcapacity a couple of families can come together and have one common filter, 
the only thing needed is more capacity to store the clean drinking water (e.g. plastic jerry-
cans, that are used today for water collecting).  These dimensions give the filter a capacity of 
4.2 l/h. The flocculation tank is calculated to be a 60 l bucket filled with 50 l of water (due to 
the pipes and the crushed Moringa Oleifera seeds in the bottom). This results in that the filter 
needs to pause for flocculation (2 h) after 50 l, see figure. To maximize the output of the filter 
the flocculation amount can be decreased to 40 l. This results in that the filter can purify 2 
sets/day, diagram 1, and increases the capacity by 60 % and purifies 80 l/day. 

 

Diagram 1. Maximize the filter capacity by decreasing the flocculation amount per set 
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The bottom of the filter is going to be filled with a 0.1 m layer of gravel and on top of that a 
0.3 m layer of sand, since sand and gravel becomes more compact when they get wet, it is 
necessary to fill the filter with more sand and gravel (see appendix F). Thus, the demands are 
41 kg gravel and 118 kg sand. A complete overview of the filter and coagulation tank can be 
seen in figure 13. 

 

Figure 13. Rapid up flow sand filter with a flocculation tank. 

The turbidity from the wells was up to 61 NTU when the tests were carried out, but may vary 
according to season (The tests conducted in this study where carried out in the beginning of 
the first rain season). With this in mind, the filter will be calculated with a safety factor, and 
allows up to 150 NTU, which gives a safety factor of almost three. This results in that the 
Moringa Oleifera seed dosage would be about 100 mg/l to ensure the water quality (table 3), 
and means that a first flush diverter may not be necessary in some cases. 

 

Turbidity 
(NTU) 

Dose range 
(seeds/l) 

Dose range 
(mg/l) 

<50 1/4 50 
50-150 1/2 100 

150-250 1 200 
>250 2 400 

Table 3: Dosage of Moringa Oleifera seeds depending on the water turbidity (after Lea, 
2010). 
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4.3 Manual 

4.3.1 Operating 
Rainwater harvesting (figure 14) 

 
Figure 14. Rainwater tank with marked valves. 

 
1. Before collecting the first flush, make sure that valve B is closed. 
2. Take water from the rainwater tank from valve A to the flocculation tank. 
3. To reset the first flush diverter: open valve B until the first flush diverter is empty. 

This should be done when it has not rained for 3 days or more in a row. 
 

If high ratings are read on the level meter place a bucket or a jerry-can under the level meter 
outlet, to seize water that might overflow. 
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Flocculation and filter (figure 15) 

 
Figure 15. Filter and flocculation tank with marked valves 

 
This operating manual is calculated to purify 50 l of water with a turbidity of 50 – 150 NTU, 
and provided that all values are set at the beginning. 

1. The Moringa Oleifera seed pods should be naturally dried to a brown color on the 
tree. 

2. Remove the seeds from the pods and shells, and crush 25 seeds to a fine powder 
3. Mix the powder with half a cup of clean water in a bottle. Shake for 5 min to form 

a paste. 
4. Pour the paste together with 50 l impure water into the flocculation tank on top of 

the filter. First stir the water rapidly and then slowly for about 10 min. 
5. Let the Moringa Oleifera mixture set for 2 h. 
6. Open valve C to let the water into the filter. 
7. After all the water has poured down to the filter, close valve C. 
8. Open valve D to get purified drinking water. 

(Global giving, 2009 & WELL, 1999d) 

4.3.2 Maintenance 
Rainwater harvesting  
It is imperative to keep the drainpipes free from waste, so that they will not clog the system or 
bring impurities in the water. To prevent this, the drainpipes should be cleared frequently by 
removing sticks, leaves and similar waste.  

Rainwater tank 
It is important to keep the tank clean by removing sludge; this should be done every second or 
third year (Town of east Fermantal, 2010). It is also important so seal the tank from animals, 
especially birds and insects. Animals that come in contact with the water will encourage 
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bacterial growth. Insects like mosquitoes can breed in the tank and this can lead to a malaria 
outbreak (Kingborough Council, 2010).  

Flocculation tank 
The tank should be cleaned from sludge every day. Make sure there is no sludge on the top of 
the outlet pipe. 

Filter 
The filter should be backwashed when the velocity is decreasing to unsatisfying level, 
flocculants start to get through the filter or when the filter has reached its operating capacity 
(Bose, 2008). 

To backwash the filter, ensure that valve C is closed and open valve E. Let it be open until the 
filter is empty, then close it and start operating the filter again. 

4.4 Budget 
The following budget is an estimated calculation for the rainwater harvesting system and the 
rapid sand filter with flocculation tank (Table 4). Note that the prices may vary from point of 
purchase. The budget is only calculated for material cost, no labor is included since only 
simple techniques are used.  

Items Cost per unit (USh) Units Total cost (USh) 
Gutter (m) 6 000 4 24 000 
T-junction 2 000 1 2 000 
Valves 20 000 2 40 000 
Cement (25 kg) 14 000 3 42 000 
Sand (kg) 50 224 11 200 
Mesh (x m·1.5 m) 5 000 5 25 000 
90° junction 2 000 1 2 000 
Pipe (D=25 mm) (m) 3 000 5  15 000 
Bucket (60 l) 15 000 1 15 000 
Gravel (kg) 50 41 2 050 
Moringa Oleifera seedling 1 500 1 1 500 
Bricks 55 112 6 160 

TOTAL PRICE 185 910 
Table 4. Budget. 

The budget is calculated with a Moringa Oleifera seedling and the idea is that every family 
buys a tree (if they do not already have one) so they, in time, can produce their own Moringa 
Oleifera seeds. It takes about six month before a Moringa Oleifera tree gives seeds (Radovich, 
2009). Before the trees are giving seeds, the family needs to buy seeds. The price of seeds is 
50 – 160 USh/seed. A mature tree can produce 15 000 – 25 000 seeds annually (Foidl, 
Makkar & Becker, 2001). However, since a family only needs 3650 seeds/year there will be a 
large excess of seeds that can be sold or used for other purposes. The moringa Oleifera tree is 
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often called the miracle tree, because it can be used in a lot of different fields, e.g. it can also 
be used as medicine, food and oil, see appendix G for more possible usage. 

5 Results 
The system we have chosen is a low cost solution that is simple to build, operate, and 
maintain.  

Even if the system might be a bit expensive for an individual family, it will pay off in the long 
term. When the Moringa Oleifera tree can produce its own seeds, the system will not cost the 
family more and will instead help the family save money through less visits to the hospital 
and more available work days.  

The financing of the project can be solved in different ways; if the families are paying the 
complete the system it will be a quite large cost. To avoid, this it could be a better option to 
find an organization that can fund some part of the project. However, it is good if the family 
pays for some part of the project so they are involved and show that they are willing to invest.  

6 Conclusion 
Although this report was written as an academic work, we also hope that many villagers in the 
Ugandan countryside will use it. Some pros and cons with our solution: 

– Large initial cost; for a person living under 1 USD/day it can be hard to get enough 
money to buy material. 

– A higher operating cost in the beginning; before the Moringa Oleifera tree gives 
seeds, the operating cost is higher. 

– Consumption planning; The family needs to plan how much water they take from 
the tank so they have enough to the meet the demand during dry seasons. 

– Maintenance; The system requires almost daily maintenance. 
+ The system is using different kinds of sources (rain and groundwater); less 

dependent if one sources is dried out or too contaminated for the system. 
+ Removes E. Coli; the major problem with the drinking water in the current 

situation. 
+ Long lifespan; the system will be much cheaper in terms of days it can be used. 
+ Inexpensive to operate; more people can afford to invest in a system. 
+ Built by cheap and local parts; the villager can easily buy spare parts if necessary. 
+ Additional benefits; When the Moringa Oleifera seedling grows to a mature tree it 

can also be used for fuel, oil, animal feed, medicine and human consumption. If 
not all are used; it can be sold and become an income for the family. There will 
also be a surplus of seeds that can be of usage. 
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7 Discussion 
The system gives clean and healthy drinking water to the families, at the price that, they have 
to plan their water consumption, which probably would be the largest setback for the system. 
To make this easier, the level meter indicates how much water there should be in the tank at a 
specific time of the year. In rural areas like these illiteracy is widespread and instead of 
marking month, local holidays can be used as indicators. 

Maintenance can be an issue and it takes time to adopt in the daily life. However, 
maintenance is simple and takes a short period of time. 

We think it is important that there is an organization behind this water project to make sure 
that the villagers get some education on how to operate and maintain the system, and also to 
teach the villagers how to benefit most from the Moringa Oleifera tree. If an organization 
would sponsor the project it is not ideal for the organization to just give the villagers the 
system. To help the villagers to see the value of the system, it is important that they have 
contributed to it themselves. It does not purport that they need to pay for it; they can instead 
contribute by participate in the construction of the filter. 

A huge benefit of the system is that also the poorest, who cannot afford it, can also take 
advantage of it. When others use the system (including rainwater harvesting) there will be 
larger amounts of water left in the natural springs. Therefore, the natural springs will not tend 
to dry out as frequently as previously and would be more accessible for the poorest. 
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Appendix A - Precipitation in Kampala

(values in mm)
Jan Feb Mar Apr Maj Jun Jul Aug Sep Okt Nov Dec AVERAGE TOTAL

Msn weather1 85 48 127 154 123 66 44 54 75 79 89 83 86 1027

World metrolgical organisation2 51 62 113 182 140 75 50 86 101 109 114 97 98 1180
Worldclimate3 58 68 127 185 134 71 55 87 100 119 142 94 103 1240
BBC4 46 61 130 175 147 74 46 86 91 97 122 99 98 1174
Average 60 60 124 174 136 72 49 78 92 101 117 93 96 1155

1) http://weather.msn.com/monthly_averages.aspx?&wealocations=wc%3aUGXX0002&q=Kampala%2c+UGA&setunit=C
2) http://worldweather.wmo.int/168/c01328.htm
3) http://www.worldclimate.com/cgi-bin/data.pl?ref=N00E032+2100+63680W
4) http://www.bbc.co.uk/weather/world/city_guides/results.shtml?tt=TT000750

!"

#!"

$!"

%!"

&!"

'!!"

'#!"

'$!"

'%!"

'&!"

#!!"

()*" +,-" .)/" 01/" .)2" (3*" (34" 035" 6,1" 789" :;<" =,>"

.?*"@,)9A,/"

B;/4C"D,9/;4;5>)4"
;/5)*E?)F;*"
B;/4C>4ED)9,"

GGH"



Appendix B - Tank location
after Thomas and Martinsson 2007 and Rees 2000

Pros Cons
Allows easy inspection for cracks or leakage  Require space
 Water extraction can be by gravity and by tap   Generally more expensive
Can be raised above ground level to increase water 
pressure

 More easily damaged by accidents

Water extraction can be by gravity Prone to attack from weather
Can easy be purchased on the most markets Failure can be dangerous
Surrounding ground gives support allowing lower wall 
thickness and thus lower costs

 Water extraction is more problematic – often requiring a pump and a long pipe 
to a to a downhill location

 Difficult to empty by accidently leaving the tap on Leaks or failure are difficult to detect
Requires little or no space above ground Possible contamination of the tank from the groundwater or floodwater
 Discrete The structure can be damage by tree roots or rising groundwater
Keeps the water cooler If the tank is uncovered people and animals can fall in, possible drowning
Some users prefer it because ”it is like a well”  Heavy vehicles can drive over the tank and damage it

 Cannot easily be drained for cleaning
Unsuitable for areas where the water table rises above the bottom of the tank
Usually unsuitable when the soil is loose

Above ground

Underground



Appendix C - Water supply from rainwater harvest tank

Jan Feb Mar Apr Maj Jun Jul Aug Sep Okt Nov Dec

Precipitation (mm) 60 60 124 174 136 82 49 78 92 101 117 93
Run off (30m2, Rc=0,8), (liters) 1440 1440 2976 4176 3264 1968 1176 1872 2208 2424 2808 2232
Indication on level meter (cm) 71 3 27 113 149 98 2 6 16 57 117 154
water from the tank 3100 2800 2500 2450 2500 3000 3100 1800 2000 1600 1600 1500
water in the tank 1428 68 544 2270 3000 1968 44 116 324 1148 2356 3088

3034

Calculation starts with a full tank
after one year the tank is full again
water consumption only taken from the rainwater harvest tank
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Appendix D – Recommended first flush amounts 
after Thomas and Martinsson 2007 p.112-113

1) Measeure the first run-off turbidity after at least 3 days without rain
2) Select a maximum turbidity target (20NTU is usual sufficient)
3) Check the table how many mm to divert
4) Mulpiply it with the roofarea (mm*m2) to find the wolume

Target turbidity
First run-off turbidity 50,00 20,00 10,00 5,00

50 0 1,50 2,50 3,50
100 1,00 2,50 3,50 4,50
200 2,00 3,50 4,50 5,50
500 3,50 4,50 5,50 6,50

1000 4,50 5,50 6,50 7,50
2000 5,50 6,50 7,50 6,50



!""#$%&'()(*(+,&$-,.#/(.,$0(.#$1&2#(1./#$3.4(

!"#$%&'%#$()#**')#$+,$-"#$-&./$+,$-"#$-&./$&)#$0&10'1&-#2$
$

!"#$3&453'3$-#.*51#$*-)#.%-"$5*$6789:;&$&00+)25.%$-+$<"&.2)&*#/"&)=$>'..#*?&)&$&.2$@&3&.&$
A9BBCD7$!"#$0E15.2)50&1$()#**')#$F#**#1$,+)3'1&$%5F#*$-"#$35.53'3$?&11$-"50/.#**$+,$-"#$-&./G$

$

H$6$33$-"50/$?&11$5*$#.+'%"$-+$0+.-&5.$-"#$?&-#)=$"+?#F#)$&$*&,#-E$,&0-+)$5*$)#0+33#.2#2$5.$-"5*$
0&*#=$-+$I#$+.$-"#$*&,#$*52#$?5-"$?&-#)$()#**')#7$J5F#$#&)-"$A9BKBD$)#0+33#.2*$-"#$?&11$-"50/.#**$
-+$I#$&I+'-$KB$L$6B$33$-"50/7$M#$0&10'1&-#2$&$?&11$-"50/.#**$N$KB$337$M5-"$-"5*$-"#$2#3&.2$+,$
0+.0)#-#$,+)$-"#$-&./$5*$0&10'1&-#2$IE$-"#$,+11+?5.%$,+)3'1&G$

$

M5-"$-"#$2#.*5-E$+,$969B$/%O36$AP##)=$Q+".*-+.$R$S#M+1,=$9BBTD$5-$.##2*$KCK$/%$0+.0)#-#7$M5-"$-"#$*&3#$354-')#$)&-5+$&*$'*#2$+,$
<"&.2)&*#/"&)=$>'..#*?&)&$&.2$@&3&.&$A9BBCD=$0#3#.-$*&.2$)&-5+$B7U$&.2$?&-#)$0#3#.-$)&-5+$B7VU7$!"#$2#3&.2$+,$3&-#)5&1*$5*$-"#.$
0&10'1&-#2$&*$,+11+?5.%G$

$ 5&'.6/#(/,.&7( 8(03(97$9/#.#( 8:8(03(97$9/#.#(
;#<#$.( K$ B79W$/%$ U97VW$/%$
=,$%( 9$ B7UC$/%$ KBV7WC$/%$
>,.#/( B7VU$ B7K6$JK$ 967U6$JK$
$

$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$
K$K$J$?&-#)$N$K$/%$?&-#)$

!$ N$!#.*51#$*-)#.%-"$
!$$ N$;)#**')#$
"$ N$@&25'*$
#$ N$!"50/.#**$
$$ N$X+1'3#$
"%$ N$Y4-#).&1$)&25'*$
"&$ N$Z.-#).&1$)&25'*$
'$ N$[#5%"-$

$



Appendix F – Sand and gravel demand for the filter 
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K)&,!=5?!3)B&52&)'*!D4=)ED!&,)>!)>!@)A4>!&,4!:4)@,&!'3!&,4!D4=)ED!"A'BED4!L!=4*>)&?-I!

G'5DEB2I! ! ! ! 82*=I! ! ! ! ! ! 752A4BI!

! 

M =V"d ! ! ! !

! 

(0.45" 0.45" 0.36)" 1608 #118 kg ! !

! 

(0.45" 0.45" 0.12)" 1682 # 41 kg !

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
#!#!)*+,!M!(FN%!+D!

!" = density difference 
"d  = dry density 
"w  = wet density 
h = desired height 
x = input height 
M = mass 
V = volume 
 



Moringa tree

Seeds Pods Rots BarkLeavesStems Twigs

Meal

Shells Kernels

Animal feedCoagulant Oilfuel
Medical use

Human 
comsumpton Tannins Dyes

Appendix G - The usage  of Moringa 
After: Foidl, Makkar & Becker

Growth 
factors


