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1. Introduction 

1.1. Location, climate and hydrogeology 
Mdawi is a rural village in the Kilimanjaro region, Moshi Rural district, Kimochi ward, about 7 km 
northeast of Moshi town. Mdawi is located on the slopes of Mount Kilimanjaro and stretches out 
between the elevations of 820 and 1440 m+MSL. Mdawi is bordered in the north by Mowo Village, in 
the east by Shia Village, in the south by Msaranga Village and in the west by Kidia and Tsuduni 
Villages. Mdawi has subvillages, known as Komfuru, Kombere, Mengeni-Sahaa, Kisaseni-Kitimbirihu, 
Kisaseni-Ngasini, Mengeni and Mkomboni. 
 
Annual rainfall averages between 900 mm for the lower (southern) part of the area and over 1,700 
mm for the upper (northern) part. Rainfall is concentrated in two rainy seasons: the short rains from 
October to December and the long rains from March to May. Annual potential evapotranspiration is 
around 1,300 mm. The drainage pattern in the area is generally in a northeast – southwest direction. 
Mdawi is bounded by the seasonal river Mola to the East (wrongly depicted on the topographic map) 
and Msangachi to the West. 
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Figure 1 Average rainfall and potential evapotranspiration for Mdawi (source: LocClim, FAO) 
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Figure 2 Location of Mdawi  village (in yellow) 
 

Figure 3 Topographic map of Mdawi village and surroundings, the yellow line is the boundary 
of the village 
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Geologically the bedrock of the area is comprised of volcanic basalt, while the superficial geology 
consists of clays, silts, cobbles and boulders. The area is included in the Northern volcanic province 
during the Neogene period. The bedrock consists of volcanic basalts, olivine basalts, trachy 
andesites, rhomb porphyry agglomerates and volcanic lava.  The overburden consists of thick red 
soil and superficial deposits including clays, silts, cobbles and boulders. The soil consists mainly of 
thick, heavy red clay (see picture below). The area has a scattered cultivation of mainly maize, beans 
and bananas. 
 

 
Figure 4 View of the area: clayey soils, humid climate, vegetation 
 

1.2. Project background and mission objectives 
In Mdawi there is a shortage of safe drinking water. The water is taken from different springs and led 
into the water pipe line. The people do not receive enough water, especially in the lower areas of 
Mdawi. This problem is most urgent during the dry seasons. 
 
The Dutch NGO Children of Kilimanjaro wants to find a solution for this. To explore the possibilities 
for the drinking water supply Children of Kilimanjaro has requested SamSamWater Foundation to 
work together with them and the community to improve the water supply of the area. 
 
As part of the project a short mission was conducted by Sander de Haas and Lucas Borst of 
SamSamWater Foundation. The objectives of this mission are: 

 Establish insight in the existing water system (quantity, quality, distribution system). 
 Shortlist options for water supply with pros and cons (based on water availability, water 

quality, costs, etc.). 
 Make a recommendation for the best option to improve the water supply of Mdawi (in 

cooperation with the community). 
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The field visit was carried out from 6 to 20 October 2011. This report is the result of this mission. A 
short mission story is shown in Appendix 4 – Mission story. 
 
The mission was a cooperation between the Mdawi Water Committee, Father Mr. Allen Lekey, 
Children of Kilimanjaro Foundation and SamSamWater Foundation.  
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2. Current water situation 

2.1. Introduction 
Mdawi village has a centralised piped water system. Water is being captured from several springs 
and streams in the higher parts of the area (both inside and outside the village boundaries) and 
flows by gravity to the lower parts of the village. 
 
The main pipeline splits into three branches: the eastern, western and central branch. Some public 
taps are present along the three branches of the system and in break pressure tanks (BPT) of the 
system. Most people however fetch water from private connections that are made to the main pipes. 
There are no water meters in the system and people aren’t charged for the water use. People only 
have to pay a onetime fee to the district water office to get a private connection installed. After this, 
they can use the water free of charge. 
 
The water is used for both household use (drinking, washing, cooking, etc.), to water the cattle and 
for small-scale irrigation. Since water use isn’t charged there is no incentive to save water. If there is 
water available, it will be used. Especially since many people have a private connection, so no time or 
effort has to be undertaken to fetch the water from a public tap.  
 
A lot of water is used by the people if the water is available, especially if water is used for irrigation. 
The people living in the upper parts of the village, near the sources, will therefore use much more 
water than average. Since so much water is used in the upper parts of the system (both within and 
outside of Mdawi village), the amount of water that reaches the lower parts of Mdawi village is very 
limited. 
 
To distribute the water among the different branches the water is rationed by manually closing of 
some of the branches of the system on certain days. Most households therefore only get water some 
days of the week. Since people are aware of this (and don’t have to pay for water) many people 
collect water if it is available. At several locations private water reservoirs and tanks are observed 
(varying in size from buckets to bathtubs and tanks of thousands of liters), in which the water is 
stored to be used on days without tap water. At many places the tap therefore is always fully open 
because people want to store as much water as they can before the water is shut down again. If 
there is water, it flows out and is stored immediately. So although the tap water is limited to a few 
days of the week, downstream households hardly ever get water since even on days with water 
everything is used by households living higher up that are draining as much as they can. If water is 
flowing from the taps water is used limitless. At private taps buckets are placed under the tap, but as 
soon the bucket is full, the tap is not always immediately closed. In this way a lot of water is spilled, 
although people know that there is a shortage of water in other parts of the village.  
 
The system is poorly maintained. All of the ball valves in the BPT’s have been removed, some BPT’s 
are bypassed completely and most of the public taps are broken or have been removed completely. 
At many locations the pipes (from the main system and house connections) are lying uncovered and 
are frequently observed to be leaking. 
 
At a number of locations (mainly bigger houses and schools or churches) rainwater is harvested 
from rooftops into reservoirs (both plastic and concrete tanks). Only a few people have a private 
borehole where groundwater is pumped for personal use and irrigation. The households located in 
the lowest part of the village near the main road are connected to the Moshi piped water system. 
These are the only people who are charged for the water they use. 
 

2.2. Sources 
The largest part of the distribution system is part of the so called the ‘Old Moshi System’. This system 
captures water from a source in the Kidia forest outside of the Mdawi village boundary. The water 
from the Old Moshi System is being diverted to several villages, including Mdawi. It is said that since 
the Mdawi system also has other sources the amount of water which is diverted to Mdawi is only 
very little. Only during periods without water shortage water from the Old Moshi System reaches 
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Mdawi. At the time of our visit (beginning of October 2011) there was no inflow from the Old Moshi 
System. It is said that only a single to a few days a week water flows through this pipe.  
 
In 1965 the village of Mdawi was struck by drought and people suffered from measles and worms. 
Especially in the lower parts of the village the problems were severe. To tackle this problem a 
pipeline was laid from Kirua dam in the Cholo river. The pipeline was connected to several villages, 
among others Mdawi. This pipeline brought water to the lower parts of Mdawi village.  
 
In 1984 an additional source was connected to the Mdawi system: ‘Kimarare spring’. This spring is 
located in the neighbouring village Mowo, about 1600 m from the Mdawi border. It is not clear if the 
water from Kimarare spring is really groundwater flowing out of the rock, or reappearing surface 
water from higher parts of the slopes, probably it’s a combination of both. At Kimarare spring the 
water flows from the higher parts of the slopes into a small pool which forms the start of a small 
stream. A small weir with a water inlet is constructed in this pool. From the inlet the surface water 
flows into the pipe towards the Mdawi water system. 
 
The discharge fluctuation of the spring throughout the year is unknown. During the field visit the 
discharge was about 3 l/s. Since this is the end of the dry season, it is expected that during the year 
the discharge will not be much less. About 2 l/s is taken in into the pipe and 1 l/s flows over the weir. 
This 1 l/s is used for local irrigation.  
 
Since the pipe goes through a small part of Mowo Village before it reaches Mdawi, water is taken 
from the pipe in Mowo. Of the 2 l/s inflow at the spring, only 0.6 l/s reaches the BPT at the upper 
boundary of Mdawi. This means that a lot of water is being used in Mowo. These private connections 
can cause airlocks or a reduced pressure. 
 

 
Figure 5 Kimarare inlet 
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In 2003 two additional sources where connected to the system: Kinyaha juu and Kinyaha chini. The 
construction of this addition was financed by Mrs. Sybil from the United Kingdom. Both these 
sources are located in Mdawi village near the upper boundary the village. Each source captures 
water which seeps out of the hillslopes. 
The Kinyaha chini source also gets water from some small canals that are dug along the hillslopes 
and capture surface runoff. These canals are diverted to the Kinyaha chini source to add extra water 
to the system. Because this water is surface runoff water this water is most likely contaminated by 
animal droppings, agricultural herbicides and pesticides and other pollutants. 
 
In the area there are some more springs. These are not used for drinking water, because people rely 
on these springs for irrigation water.  

   
Figure 6 Kinyaha juu source (left) and Kinyaha chini source (right) 
 
The lower parts of the Mdawi piped water system are also connected to an old pipe which originates 
at the Cholo Dam near Kirua, more than 6 km North-East of Mdawi village. Since the water has to be 
transported over a long distance and is being tapped along the way, not much water reaches Mdawi 
village. 
 
The lowest part of the village (near the tarmac road from Moshi to Dar es Salaam) is connected to 
the piped water system of Moshi town. The water pressure from this system can only supply water 
to a distance of about 500 m from the tarmac road. All connections from the Moshi system have 
water meters. 
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Figure 7 Overview of the system with discharges 
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2.3. Technical system 
All inlets and BPT’s are connected by pipes, most of them PE (polyethylene, a plastic), some are GI 
(galvanised iron). The system runs by gravity, so there are no pumps in the main system. The main 
system consists of pipes with a diameter of 2 inch, some pipes are 1.5 or 1 inch. There are 2 
reservoir tanks in the Mdawi system: the upper one has a storage capacity of about 30,000 liters, the 
lower one 110,000 liters. 
 

   
Figure 8 Upper (left) and lower (right) reservoir 
 
All BPT’s used to have ball valves in the inlet to stop the inflow in case the BPT was full. All ball valves 
were removed from the BPT’s. This means that each BPT now acts a drain to the reservoirs and other 
BPT’s higher up in the system. In the theoretical case that no water is used in the system, all water 
will flow down towards the lowest BPT where it will overflow. No water will be stored in the 
reservoirs. Of course this is a theoretical case, but in real life the water use during the night might be 
very low so that the reservoirs should fill up and serve as a buffer during the day when the demand 
is high. At the moment this is not possible since all ball valves have been removed. Filling and 
emptying of the reservoirs is shown in Appendix 3 – Water level measurements. 
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Figure 9 The inside of a BPT with 2 inlets (right) and two outlets (left) 
 
To control and distribute the water the valves at the splitting point of the different branches are 
closed turn by turn. The outlet valve at the lower reservoir is closed during 6 days per week so water 
can build up in the reservoir. Since there is very little inflow the reservoir will only fill up half way 
during these 6 days and is drained completely in the one day that the valve is opened and people in 
the lower part have tap water. 
 
At a number of places the BPT’s have been bypassed completely. The BPT’s have been installed to 
reduced the water pressure in the pipes, so bypassing them increases the water pressure and 
therefore the risk of leakages. 
 

   
Figure 10 A functioning BPT (left) and a bypassed BPT (right) 
 
The system is poorly maintained. There is no regular maintenance, only repairs in case there is a 
problem. Even repairs are difficult since the water committee has no funds to buy necessary parts or 
hire people. 
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Figure 11 Two examples of leaking pipes 
 
Because of the alternating inflow from the springs into the system air locks occur. At one place 
(along the Kimarare pipeline) there is a public tap which also acts as an air valve. In case of an air 
lock this tap is opened to let out the air. At other places there are no air valves or taps, so the pipe 
has to be dug up and opened to let the air out. 
 
It was observed that after rainfall events the water from the taps is turbid. There seems to be a 
relationship between rainfall and the amount of sediment in the system. This would indicate that at 
least a part of the sources also capture runoff water. 
 

2.4. Water use 
Irrigation takes place for banana trees, maize and other crops. Water comes from small streams and 
springs, but also from the piped water system. Some small springs and streams are used only for 
irrigation and not for drinking water. Most small streams are rainfed and are only flowing during rain 
events. By a network of small canals the stream water is diverted to the fields for irrigation.  
 
There are only a few (less than 10) public taps in the village since many houses have a private 
connection. Some houses share a private connection with a few neighbours. 
 
According to the 2002 census the total number of inhabitants in Mdawi village was 3,099. With a 
growth rate of 2.2% (measured between 1988 and 2002) the number of people in 2012 is estimated 
to be around 3,850. The average household size is 5 people, which results in about 770 households. 
 
Since there are no water meters in the system, it is unclear how much water is used. According to 
the village water committee the average use is about 60 liters per capita per day. In the lower areas, 
on the plains south of Moshi (for instance near Rundugai) the water consumption is much lower, 
about 5-10 liters per capita per day. The amount of 60 liters per capita per day is well above the 
minimum standards of 20 liters per capita per day as defined by the World Health Organisation. 
 
Based on the population number (3,850 people) and a water use of 60 l/c/d the required amount of 
water is 231,000 liters per day, which is 9,600 liters per hour or 2,7 liter per second. The Kimarare 
and Kinyaha springs together provide 3,2 liters per second, which should be enough to provide 
everybody in Mdawi with 73 liters of water per day. 
 
In fact there is a water shortage in large parts of the system so that people only get water some days 
of the week. This means that either there are huge (leakage) losses high up in the system, or much 
more water is consumed than 60 liters per capita per day. Based on the large number of private 
taps, the many private storage reservoirs and the observation of using tap water for irrigation it is 
very well possible that people use much more than 60 liters per day. This is in agreement with the 
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observation that some people who have their own water source (borehole) use over 15,000 liters per 
day. 
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3. How to move forward? 
The total inflow into the Mdawi system (around 1,9 l/s measured in the different BPT’s) is more than 
enough to provide all inhabitants of Mdawi with enough water for domestic use (40 l/c/d). It is 
however a fact that many people in Mdawi village suffer from water shortages. People in the lower 
parts of the village hardly get water one day a week. 
 
This can be explained because a significant part of the water is used for irrigation, mainly in the 
upper parts of the village. Irrigation is being carried out in relatively small plots near the houses, 
some of it for subsistence farming, some for cash crops. This small scale agriculture is an important 
source of income for many people in Mdawi village and the slopes of Mount Kilimanjaro have to 
provide crops for many people living in drier parts of the region. 
 
The aim of the project therefore has to be to improve the water supply in such a way that everybody 
in Mdawi gets enough water for domestic use, without harming the people who make a living using 
small scale irrigation. 
 
The main issue in Mdawi at the moment is that everybody can use water for free. There is therefore 
no reason for water discipline. Especially since water supply in most parts of the village isn’t available 
all days of the week, so everybody tries to extract and use or store as much as he can. This, in 
combination with the poor technical state of the system causes the fact that in many parts of the 
village (especially the lower areas) there is no or only very little water available in the system. 
 
Adding a new source to the system, either a spring or a borehole, will only lead to additional use in 
the vicinity of that source and will therefore never benefit the users in the lower parts of the village. 
Adding an extra source to the system won’t solve the problem: water shortages will remain in the 
lower parts of the village. 
 
The only solution is to create more equity in the system: people in the upper parts should use water 
(for both domestic use and irrigation) in such a way that there is still water left for users in the lower 
parts of the system. This can be achieved in two ways: 
- If people start to use (a little) less water voluntarily. This might be achieved using awareness and 

education, but this will probably be very difficult to achieve. People have no reasons to reduce 
their water use, except for the social reason. Everybody should also pay a fixed amount for 
maintenance and repairs of the system. 

- The other possibility is to install water meters. In this way everybody will pay according to their 
use and this will lead to a reduction of use. This does require all private connection to install a 
water meter. 

 
Both of these option, but especially the last one, require a dedicated and well organised Water 
Committee for collecting the money. It is absolutely necessary that money is collected so a fund can 
be created for maintenance and repairs, and in future possibly to increase the capacity of the system 
by adding additional sources. 
 
The option to install water meters is the most fair, everybody pays according to their use, so people 
who irrigate and have a financial benefit of this will pay more than households who only use water 
for domestic use.  
 
In any case the system needs to be rehabilitated: leaks should be repaired, break pressure tanks 
reconnected, ball valves be reinstalled, etc. 
 
The community should agree with the plans to move forward. This might be difficult because people 
will be asked to pay for water which is now available (however only limited) for free. The change of 
success is greatly dependent on both the Water Committee and the community. They should  be 
willing and able to organise the rehabilitation, installation of water meters, collecting the money, etc.  
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Only once the system has been rehabilitated, water meters installed and people pay for water, then 
the possibilities of adding extra water to the system should be worked out. The current system 
should be able to provide everybody with enough water for domestic use, and limited application of 
irrigation. First this should be arranged, after this one can start to look for additional sources such as 
springs or boreholes which can then provide additional water on top of the basic demand. 
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4. Recommendations for potential improvements 
To ensure secure and safe water availability the existing system needs adjustments. This is quite 
obvious, since there is a serious (local) shortage. In this chapter a series of recommendations for 
system improvements and updates is given. An indication of the costs of these measures is provided. 
 

4.1. Distribution system: water meters 
People use as much water as is available. If more water is available, more water will be used. This 
means that if more water is added from the springs, the people higher up will benefit. To ensure a 
proper distribution of the water and that every part of the village gets a fair share of the available 
water the water has to be priced. By placing water meters at individual households and public taps 
and charging the users accordingly, it is expected that the misuse of water will decrease 
dramatically. This is not only expected by the Water Committee, but also by the District Water 
Engineer (DWE). 
 

 
Figure 12 Water meters from the Moshi town piped water system 
 
The Water Committee has to set up a system to check water usage and obligatory payments to the 
committee. Using the money received the Water Committee can make repairs and improvements to 
the water system.  
 
The price of water is to be decided by the Water Committee. As a reference the villages in the area 
can be used for a price indication.  
Some villages have a progressive pricing. A guide for determining the price of water can be found in 
“Water for rural communities” (Nissen Petersen et. al, 2006). As a reference the water from the 
Moshi town pipe costs about TSh 500 per 1000 liters.  
 
The water meters have to be installed at the private connections and at the public taps. It has to be 
decided by the Water Committee whether the meters are to be paid by the users, or by the Water 
Committee as an investment. The costs of a water meter is around TSh 32,000, excluding labour. 
Including labour, concrete etc. It is estimated that each meter will cost about TSh 100,000. 
It is estimated that a total of around 200 households have a private connections and around 50 
public taps. This means a investment of about TSh 25,000,000 (at a rate of TSh 2,000 = € 1 this is 
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around € 12,000; estimated by the Water Committee). The investment may be done using 
microfinance options, or by investment of sponsors.   
The way that water meters are implemented in the system might be more of a social and political 
question than a technical one. At present people do not pay for water. Obligatory payment will mean 
an unwelcome change for some. The reasons for this change have to be made very clear to the 
villagers. In the end most people will benefit, and few will be disappointed.  
 
Since much of the water coming from Kimarare Spring is used outside Mdawi Village, in Mowo, it 
would be a bonus if the users in Mowo village can also be metered. Since this is an other village, 
social issues might implicate that metering Mowo is very difficult to achieve. 
 

4.2. Rehabilitation of the existing system 
The present system is not functioning well. Water leaks from pipes, BPT’s are overflowing, taps 
cannot be closed. The whole system needs a thorough rehabilitation. The following measures have 
to be taken: 
 

 Pipe lines 
o Leakages in pipes have to be closed 
o Pipes crossing roads (and paths to households) have to be at least two feet deep 
o The condition of the old Moshi pipe system has to be checked. It is to be decided if 

this pipe is to be maintained, or replaced by a new pipeline. 
 BPT’s 

o All BPT’s have to be rehabilitated. The BPT’s that are out of use have to be taken back 
into use.  

o All BPT’s have to be fitted with the right ball valves (or other proper valves). 
o Additional BPT’s have to be installed. 

 Reservoir tanks 
o Maintenance has to be carried out on reservoir tanks. A new plaster of water proof 

cement has to be applied to the interior of the tanks.  
o The roofs have to be profiled, so no (rain) water can accumulate on the roof. 

 Taps (public and private) 
o The leaking taps have to be replaced. These taps are placed as single tap points, at 

BPT’s and at reservoir tanks. 
 

The costs are dependent on the extent of the needed repairs.  
 
During meetings with the DWE is turned out that there is a complete plan for rehabilitating the 
system (Moshi Rural District Water Supply Project, 2005) in the Moshi rural area, supplying water to 
about 395,000 people. The total estimated cost is about € 47 million or TSh 94 billion (about € 120 or 
TSh 240,000 per capita).  
 
The rehabilitation of the Mdawi water scheme is planned in phase 3 of this project (2015 – 2020). 
Within this phase not only the Mdawi scheme will be rehabilitated, also some other villages in the 
Old Moshi and Kimochi wards and villages of Mbokomu Mabogini are rehabilitated. The total costs 
for phase 3 is about € 11 million. Since the population of Mdawi is about 10% of the total number of 
people in the villages in phase 3, the costs are estimated to be about 10% of the total costs. For this 
it is assumed that the cost per capita served is equal in all villages. This means a total investment in 
Mdawi of over € 1 million, or TSh 2 billion.  
 
The plan of the DWE consists of several bookshelves filled with reports on this subject. A lot of 
research is already carried out. This includes detailed designs. For more details, the reader is 
referred to these reports, among others the Feasibility Study (”Feasibility Study, Moshi Rural District 
Water Supply Project”, Consulting Engineers Salzgitter GmbH, April 2005, financed by the Federal 
Republic of Germany). 
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4.3. Additional sources: springs 
Additional sources and an increased water availability may solve part of the problems. But, as said, 
the availability of water is not the main problem.  
 
Several sources can be distinguished. At present the water supply depends on springs only. Other 
springs can be added to the system. Water quality is a major point of concern for all water sources. 
This is also the case for springs. 
 
It has to be made sure that the source is a real spring and not reappering surface water. It was 
recognised that in some cases in the existing system this was the case. Possible hazards are chemical 
pollution (i.e. pesticides from shambas) and biological pollution (from feacal waste, bacterial growth 
etc.).  
 
The spring has to be protected. It has to be made sure that no surface water or surface runoff can 
enter the spring. A protection zone around the spring has to be set (area of about 10 m around 
spring).  
 

4.4. Additional sources: rainwater harvesting 
Rainwater is very clean and free of bacteria. Therefore it is a potential good source. The amount of 
rainfall is sufficient to provide a large part of the needed annual amount of water. By installing filters 
and technical measures the water can be harvested and stored safely. 
 
The construction of tanks, pipes and gutters may be costly. A larger rainwater harvesting system will 
be cheaper per liter for a large system than for a small system. Because the cost per liter water is 
relatively high (in this case), rain water harvesting will only be suitable for large systems at large 
buildings, such as schools and churches.  
 

4.5. Additional sources: groundwater 
In Mdawi few groundwater wells exist. From the data available it appears that the groundwater 
quality is no problem. The chemical parameters such as fluoride are well within the limits of the 
WHO standards.  
 
The groundwater well produces an average of about 0.3 l/sec, or about 26 m3 per day.  This is only a 
small part of the total amount needed per day (total amount needed about 230 m3 per day)  
 
Groundwater is not an everlasting source, when it is overexploited. When several boreholes are to 
be drilled, a hydrogeological inventarisation of the sustainability has to be carried out.  
 
The drilling of a groundwater well and the installation of a cover and pumps etc. will cost about TSh 
16 million (or about € 8,000).  
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4.6. Overview of sources 
In the previous paragraphs different sources are explored. To make a comparison between those, 
the discharge, investment costs and pros and cons are tabled below. 
 
Table 1 Comparison of sources (indication, exact numbers depend on specific site conditions) 
 Springs Rainwater harvesting* Groundwater wells 
Investment costs TSh 6,000,000 TSh 40,000,000 TSh 16,000,000 
Amount 60 m3/d 0.65 m3/d 20 m3/d 
Life cycle 10 years 10 years 10 years 
Cost per m3 TSh 27 TSh 16,860 TSh 219** 
No. of people served 
(60 l/c/d) 

1,000 people 11 people 333 people 

No. of people served 
(20 l/c/d) 

3,000 people 33 people 1,000 people 

    
Water quality Inflow of surface 

water is concern 
Good, if right 
precautions are taken 

Good 

    
Maintenance Clean intakes Clean before every 

rainy season 
Low 

    
Variabality during year Medium High, but with storage Low 
    
Water supply  reliability Medium Medium/low High 
    
Location Only few locations At any (large) building Several locations 
    
Options for upscaling 2 or 3 places in whole 

village 
Up to level of every 
household 770) 

Not clear. Expected 
max. 10 boreholes. 

    
    
* Example of a church with a roofsize of 10 m x 20 m and annual rainfall of 1325 mm 
** Electricity or fuel for pumps not included 
 
From the table above it shows that the spring will give the water for the best price. Therefore it is 
advised to use springwater if extra sources are to be developed. 
 

4.7. Water quality 
There are some water quality improvements that can be made. For a good water quality not only 
clean and safe sources are needed, but also a safe and clean system. This can partly be reached by 
sound maintenance. In paragraph 4.10 maintenance is elaborated.  
 
Macroorganisms were seen in some BPT’s. To get rid of these the system can be chlorinated. This is a 
quick win, because little investment is needed, while the macro and microorganisms are removed. In 
all sources, BPT’s and reservoir tanks a little chlorine has to be added. Since the intakes of the 
system are open, new organisms might enter the system and therefore it will be necessary to repeat 
chlorination after some time. 
 
Contamination with microorganisms or detrital material often appears at the sources. Detrital 
material is observed in the watersystem frequently after and during rains. To avoid inflow of these 
materials the springs have to be protected. The natural spring has to be closed off of the 
surrounding area so no surface runoff can enter. A small protective cover has to be added. A small 
filter of cobbles and sand can filter out the large particles. Small superficial streams (i.e. irrigation 
gullies) are not allowed in the direct vicinity of the springs. Small gullies that lead away surficial 
water from the spring intake and prevent inflow of surface water are preferred. Within an area of 
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about 15-25 m around the intake spring protection zones have to be taken in use, where no 
agricultural activities (i.e. use of pesticides, cattle) are allowed.  
 

4.8. Organisation of the Water Committee 
The Mdawi Water Committee has the role to collect data on (technical) problems of the systems and 
to inform both the District Water Engineer (DWE) and the local people. The Mdawi Water Committee 
is still in its early days and is trying to gain experience. 
 
The Water Committee doesn’t have any money of its own and all repairs are to be funded by the 
District Water Engineer or community. If the Water Committee wants to be effective and be able to 
make repairs and maintain the system, it should have its own financial organisation. If the users of 
the water pay to the Water Committee, the Committee is able to maintain the system and also make 
improvements if needed.  
 
The District Water Engineer has a plan view on water projects in the area around Moshi. Many towns 
have similar challenges as Mdawi. The DWE has experience with these projects and knows the area 
well. Large scale projects may be impossible to set up by the Water Committee, but can be induced 
by the DWE. Therefore it is very important that the DWE is informed and asked for advice on a 
regular basis. The ward leader is the communicator between the Water Committees of several 
villages and the DWE. The ward leader plays an important role in inventorying the wishes and 
problems the Water Committee encounters.  
 
The financial structure of payment to and by the Water Committee has to be set up. This is the main 
key to the success of the water supply. The water issues are not a problem of amount, but of 
distribution. In other words, it is not a technical problem but a social issue. The Water Committee is 
the organisation that has to set up a social structure that makes payment by users possible. It is to 
be realised that this is much more than placing water meters and charging people. This payment 
system has to be accepted and supported by the local people. Although to an outsider it is clear that 
such a system is needed (and probably the only sustainable solution), but to people involved it may 
mean that suddenly payment has to be done for something that has always been there for free. 
Again, social acceptance is the key to the success of the project. 
 
This is not to be taken lightly. Experience in the area and in other (rural) areas in Eastern Africa 
learns that setting up the social and financial structure of Water Committees often fails (partly).  
 
To help to organise the Water Committee the book “Water for rural communities” (E. Nissen-
Petersen, 2006) can be used as a guide. The use of this book is strongly recommended and will be 
provided to the Water Committee by SamSamWater. 
 
It is advised that the Water Committee employs its own water technician, so that repairs and 
maintenance can be carried out on a regular basis. 
 

4.9. Visit other Water Committees 
The Mdawi Water Committee should not pursuit to play a single game on its own. Many parties can 
help them with advice and experiences. Of course the DWE plays an important role. It is advised to 
have contact with Water Committees in neighbouring villages.  
 
A  village in the area has to be found where the structures of the Water Committee are successful. A 
lot can be learnt from this successful Committee. It is advised that the full Mdawi Water Committee 
visits the successful Water Committee to learn about the social structures. 
 

4.10. Maintenance 
A healthy and reliable water system can only exist if regular maintenance takes place. First of all the 
existing system has to be rehabilitated. After that regular maintenance has to take place. Therefore a 
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maintenance plan has to be set up. The Water Committee has to set up such a plan. Some 
suggestions to take into account in the plan are: 

 Repairing leaks as soon as one is detected. The repair has to be carried out in a professional 
way, using the right materials (continuously). 

 Replacing leaking taps (continuously). 
 Regular checking of all valves (seasonal) 
 Seasonal chlorination of the system (seasonal) 
 Cleaning all BPT’s and reservoir tanks by using wash-out and brushing tank interior 

(seasonal). 
 Cleaning intakes of springs and checking for unwanted inflow of other waters than spring 

water (seasonal). 
 Making a scheme with replacement costs and an expected lifetime of different parts. Based 

on this money has to be saved to replace parts if needed. 
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5. Conclusions 
The water problem in Mdawi village is mainly a distribution and equity problem. There is more than 
enough water to supply everyone with water for their domestic use. But since people in the higher 
parts of the village use much more water than, the lower parts of the village only have water some 
days of the week. 
 
Adding additional sources (such as springs or boreholes) to the current system isn’t going the help 
the people in the lower parts of the village. The people in the higher parts will use up al extra 
available water, so no additional water will benefit the people who are currently facing the greatest 
water shortages. 
 
In order to solve the problems of the people in the lower parts there is only one solution: better 
water discipline. If people in the upper areas use a little less water (i.e. by more efficient irrigation or 
less spilling of water), the people in the lower areas will have more water available. 
 
This can be achieved by either trying to get better water discipline voluntarily (using education), or 
by installing water meters. Reducing the water use without meters will be difficult to achieve. Water 
meters, if accepted by the community, will most probably be more efficient. 
 
There is a complete plan for the improvement of the water supply of the whole Moshi Rural district, 
which includes a full plan to rehabilitate and improve the water supply of Mdawi village including the 
installation of water meters. The implementation of this plan is scheduled for 2015-2020, but it is 
expected there will be a delay. The total expected costs of this project are about TSh 2 billion (€ 1 
million) just for the Mdawi area. 
 
Since there is already an integrated plan for the whole district including Mdawi, we should stick to 
this plan and shouldn’t make our own adaptations or changes. The main issue is that the expected 
start of this project will take a number of years. To overcome that period measures can be taken to 
improve the water supply without high investment costs. 
 
It is advised to try to educate the people to achieve better water discipline. The DWE is willing to 
assist the Water Committee to achieve this. 
 
If this works the people in the lower parts of the village will receive water more frequently. At the 
moment this area only gets water one day per week. If the education works and water discipline is 
effective, this might increase to two or three days per week. If this is the case, then it can be effective 
to connect additional sources to the system to further increase the water availability. Without water 
discipline additional sources won’t benefit the people who need the water most. 
 
If education fails to work, it can be considered to install water meters to achieve water discipline. 
Water meters are part of the Moshi Rural district water supply project, so installing them before this 
project is being implemented requires a double investment. Installing waters has to be carried out in 
good cooperation with the District Water Engineer and should only be considered if the Mdawi Water 
Committee is well organised and is able to carry out the required maintenance and collect fees. 
 
In case the required funds for the government plan can be collected, it might be possible to 
accelerate the implementation of this plan. The DWE has promised to write a memo which describes 
all necessary actions and the required budget for this. If funds can be found the possibilities of 
implementing this plan should be discussed with the DWE. Care should be taken that when the 
planning of the government plan is changed in favour of Mdawi village, this shouldn’t harm the 
implementation of the government plan for other villages who are also lacking water. 
 
A good relationship between the community, the Mdawi Water Committee, the Ward leaders and the 
District water engineer is of essential importance. All parties should be aware of the each others 
plans, objectives and actions. The people at the district water office are very experienced with 
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tackling the problems Mdawi is facing and therefore it is essential they should be involved in all 
actions. 
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Appendix 1 – Overview map of the Mdawi water supply system 
 

 
A digital file for viewing in Google Earth (http://www.google.com/earth/) with all measurements, 
photographs and a topographic map can be downloaded here: 
http://www.samsamwater.com/projects/67/mdawi.kmz 
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Appendix 2 – Measurements 
 
way-
point 

type date description EC 
(μS/cm) 

temp.
(°C) 

Q 
(l/s) 

comments lat lon elevation 
(m+MSL) 

004 Reservoir 
tank 

7-Oct Reservoir tank - 
upper 

173 20,2 0,625 Tank size: diam 4.95 m x 
height 2.15 m 

-3,31881 37,41378 1.219 

004 Reservoir 
tank 

10-Oct Reservoir tank - 
upper 

176 19,7 1,8 Water is turbit. It just 
rained before. 

-3,31881 37,41378 1.219 

004 Reservoir 
tank 

14-Oct Reservoir tank - 
upper 

165 - - EC inflow = 165, EC tank = 
170 

-3,31881 37,41378 1.219 

005 BPT 7-Oct next to chruch, mixed 
water, 2 inflows 

171 19,8 - snale/larvea in water! -3,31519 37,41641 1.266 

005 BPT 7-Oct inflow from Moshi 
pipe 

186 20,2 ca. 0.6 snale/larvea in water! -3,31519 37,41641 1.266 

005 BPT 7-Oct inflow from Kinyaha 
Chini 

157 19,3 ca. 0.6 snale/larvea in water! -3,31519 37,41641 1.266 

005 BPT 17-Oct BPT, 2 in, 2 out, no 
tap 

156 19,2 0,56 Inflow from Kinyaha Chini -3,31519 37,41641 1.266 

005 BPT 17-Oct BPT, 2 in, 2 out, no 
tap 

188 20 0,40 Inflow from 
Kidia/Kimarare/Kinyaha Juu 

-3,31519 37,41641 1.266 

006 BPT - oou 7-Oct Out of use, bypass - - -  -3,30939 37,41990 1.348 

007 Border 
Mdawi 

7-Oct  - - -  -3,30481 37,42293 1.417 

008 BPT 7-Oct Mixing waters 141 18,9 - locked, inflow from 
Kimarare spring and Old 
Moshi Pipe. OMP no 
discharge? 

-3,30138 37,42510 1.499 

008 BPT 17-Oct BPT, 2 in, 2 out, tap 143 18,5 0,45 Q from Kimarare = 0,45 l/s; 
Q from Kidia = 0 

-3,30138 37,42510 1.499 

009 Stream 7-Oct crossing river / road - - -  -3,30097 37,42972 1.468 

010 Air valve 
with tap 

7-Oct Air valve with tap 144 19,1 - Suction pipe ("hevel" in 
Dutch) 

-3,29939 37,42856 1.460 

011 Spring 7-Oct Kimarare Spring 144 18,2 1,7 Kimarare Spring -3,29377 37,43101 1.534 

012 Border 
Mdawi 

7-Oct  - - -  -3,30460 37,42183 1.444 

013 Spring 7-Oct Kinyaha Juu - Spring 189 19,8 0,6 During dry season almost 
dry 

-3,30831 37,42342 1.372 

013 Spring 14-Oct Kinyaha Juu - Spring 186 19,7 0,71  -3,30831 37,42342 1.372 

013 Spring 17-Oct Kinyaha Juu - Spring 188 19,6 -  -3,30831 37,42342 1.372 

014 Stream 7-Oct  - - -  -3,30785 37,42432 1.351 

015 Spring 7-Oct Wordt opgevangen 156 19 - Connects to BPT -WP-005 -3,30898 37,42333 1.341 

018 Pipe 7-Oct Connection of pipes 
of upper system and 
Kinyaha Juu pipe 

- - - Connection of system 
above and Kihyaha spring 

-3,31032 37,41971 1.360 

019 BPT 7-Oct  - - -  -3,31974 37,40991 1.150 

019 BPT 13-Oct BPT with tap 174 20,3 - No water today; tap is 
broken 

-3,31974 37,40991 1.150 

020 BPT - oou 7-Oct Out of use, bypass - - -  -3,29834 37,42982 1.497 

021 Public tap 10-Oct No tap present - by 
pass?  

- - -  -3,32045 37,41283 1.194 

022 Private tap 10-Oct  180 22,6 laag Water from Kimarare. 
Water is also used by 
neighbours, so not only 
"private". 

-3,32168 37,41216 1.184 

023 Private tap 10-Oct  - - - Small pipe. Short pipe line 
with house connection? 

-3,32191 37,41157 1.149 

024 BPT 10-Oct BPT, 1 inflow, 2 
outflows 

176 20,3 -  -3,32304 37,40974 1.158 

025 BPT 10-Oct  175 20,6 -  -3,32513 37,40850 1.102 

026 Pipe 10-Oct Leakage - - - Leakage at crossing of 
house path. Pipe is not 

-3,32635 37,40752 1.081 
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way-
point 

type date description EC 
(μS/cm) 

temp.
(°C) 

Q 
(l/s) 

comments lat lon elevation 
(m+MSL) 

burried. 

027 Waterbasin10-Oct Groot basin voor 
irrigatie, ca, 100 m2 

211 20,2 4,3  -3,32819 37,40692 1.057 

028 Public tap 10-Oct No tap present - by 
pass?  

- - -  -3,32837 37,40656 1.063 

029 Private tap 10-Oct  - - - 15-20 m distance from WP 
028 

-3,32859 37,40659 1.014 

030 BPT 10-Oct BPT, 1 inflow, 2 
outflows 

- - -  -3,33114 37,40456 1.031 

031 Public tap 10-Oct  - - - No water today -3,33370 37,40370 992 

032 Tank? 10-Oct  - - - No tap. Water is heard 
flowing. Strange: higher up 
there is no water today. 
Cholo? 

-3,33480 37,40371 964 

033 Public tap 10-Oct  110 24,5 - Water is clear. High 
pressure. Here is water, 
although higher in the 
system no water 

-3,33551 37,40332 956 

034 Private tap 10-Oct  146 21,3 - near WP 032; people do not 
know where water comes 
from. 

-3,33483 37,40404 964 

035 Public tap 10-Oct No tap present - by 
pass?  

- - -  -3,33765 37,40352 929 

036 Erosion 
gully 

10-Oct  - - - Erosion gully, ca. 3-4 m 
deep, eroded down to 
hardrock.  

-3,33831 37,40211 903 

037 Public tap 10-Oct  176 25,6 - Close to main road -3,33885 37,40085 918 

038 Erosion 
gully 

10-Oct  - - - Erosion gully, ca. 3-4 m 
deep, eroded down to 
hardrock. 2 lithologies: 
mudflow and black lava 
rock 

-3,33969 37,39985 873 

039 Church 10-Oct Lutheran Church - - - Church has about 400 
members 

-3,34544 37,39592 867 

040 Meter 
Moshi pipe 

10-Oct  - - -  -3,34655 37,39558 864 

041 Meter 
Moshi pipe 

10-Oct  - - -  -3,34739 37,39531 852 

042 Pipe 10-Oct Leakage - - - Pipe crosses road. Pipe is 
completely distroyed. 

-3,34768 37,39528 867 

043 Meter 
Moshi pipe 

10-Oct  - - -  -3,34851 37,39522 845 

044 Private tap 10-Oct Private tap with 
storage tank near 
church 

- - -  -3,32681 37,40246 1.007 

045 Private tap 10-Oct Private tap near BPT 
WP 044 

- - - No water today -3,32654 37,40259 1.026 

046 Reservoir 
tank 

10-Oct Private tank near BPT 
WP 044 

169 22,8 - Water is from bomba -3,32701 37,40249 1.021 

047 Pipe 10-Oct Pipe 1 " - - - Pipe 1 " -3,32588 37,40335 1.036 

048 BPT 10-Oct BPT at school - - - Text on lid: "2011"; no taps; 
nearby 2 pipes are seen (1 
and 2 ") 

-3,32516 37,40436 1.044 

049 BPT 10-Oct BPT at Neema 
Learning Centre 

- - - No water today -3,32350 37,40588 1.080 

050 Private tap 10-Oct  - - - No water today -3,32349 37,40640 1.088 

051 Private tap 10-Oct Tap at Lekey's house - 
tank 

175 22,5 - Mixing water: rain + pipe -3,32137 37,40873 1.113 

051 Private tap 10-Oct Tap at Lekey's house - 
tap 

- - - No water today -3,32137 37,40873 1.113 

051 Private tap 11-Oct Tap at Lekey's house - 
tank 

173 21,8 - Mixing water: rain + pipe. 
Fluor: 0 mg/l 

-3,32137 37,40873 1.113 

052 Reservoir 
tank 

11-Oct Reservoir tank - lower 155 23,6 - Reservoir with inlet from up 
and inlet from Cholo dam 
(barrage) / Kirua 

-3,33286 37,39929 982 
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way-
point 

type date description EC 
(μS/cm) 

temp.
(°C) 

Q 
(l/s) 

comments lat lon elevation 
(m+MSL) 

053 Public tap 11-Oct No tap present - by 
pass?  

- - - No water today. No tap, so 
if water is on the pipe,  will 
flow out continuously 

-3,33978 37,39683 953 

054 BPT - oou 11-Oct Out of use, bypass - - - This is lowest tap in system -3,34432 37,39497 913 

055 Pipe 11-Oct House connection - - - House connection - looks in 
poor 

-3,34487 37,39433 893 

056 Tank 11-Oct Tank Mr Lazarus 
Lyatuu - mix of 
rainwater and pipe 

119 22,8 - Is this mix of rainwater and 
water from Moshi town 
pipe, or from up?  

-3,34572 37,39311 894 

057 Tank 11-Oct Tank at well Mr 
Captain Pilot 

- - -  -3,33752 37,39691 936 

058 Well 11-Oct Groundwaterwell at 
Mr Captain Pilot 

587 25,3 0,18 Depth: 140 m. For Qavg etc 
see report. Fl: < 1 mg/l 

-3,33792 37,39648 933 

059 Well 11-Oct Groundwaterwell 
no.2 at Mr Captain 
Pilot 

- - - Depth: 60 feet, but no 
water. 

-3,33769 37,39540 916 

060 Tap - geen 
kraan 

12-Oct Tap zonder kraan en 
zonder aansluiting 

- - -  -3,31606 37,41628 1.265 

061 Public tap 12-Oct Public tap near 
church 

168 20,2 -  -3,31550 37,41595 1.293 

062 Private tap 12-Oct  167 20,2 - Water is turbit -3,31577 37,41457 1.254 

063 BPT 12-Oct BPT with tap 167 19,6 0,6349 Q is variable, depending on 
the inflow control 

-3,31639 37,41411 1.269 

064 Spring 12-Oct Springs - beautiful - - 0,25 In beautiful valley, 
completely forrested. 
Springs have water all year. 

-3,31256 37,41665 1.256 

065 Stream 12-Oct Stream in valley with 
springs 

176 18,6 - In beautiful valley, 
completely forrested. 
Springs have water all year. 

-3,31208 37,41709 1.252 

066 Spring 12-Oct Spring with gutter 
("chem chem") 

178 20,1 - In beautiful valley, 
completely forrested. 
Springs have water all year. 

-3,31178 37,41755 1.301 

067 End of 
gorge 

12-Oct End of valley with 
springs 

- - -  -3,31135 37,41786 1.296 

069 Private tap 12-Oct  188 19,8 - Tap is leaking -3,31284 37,41759 1.331 

070 Private tap 12-Oct  166 20,5 - Water is turbit; Tap is 
leaking 

-3,31724 37,41297 1.251 

071 Pipe 12-Oct Leakage - - - Leakage, continuous sizling: 
water and air coming out 

-3,31761 37,41238 1.214 

072 Private tap 12-Oct Private tap at 
Dispensary 

165 20,4 - Water is turbit -3,31788 37,41063 1.172 

073 Private tap 13-Oct  173 22,5 - Water is turbit -3,31812 37,40943 1.165 

074 Stream 13-Oct  77 22,5 - Probably surface runoff of 
rain 

-3,32129 37,40633 1.076 

075 Private tap 13-Oct Privat tap at several 
houses 

176 22,9 - Storage tanks are present -3,32267 37,40646 1.104 

076 Pipe 13-Oct Leakage - - - Leaking pipe, pipe is too 
shallow 

-3,33377 37,40247 984 

077 Private tap 13-Oct  - - - No water today -3,33405 37,40191 980 

078 Private tap 13-Oct  104 23,4 - Water from Cholo (!?) -3,33561 37,40175 938 

079 Meter 
Moshi pipe 

13-Oct  - - -  -3,34713 37,39237 842 

081 Private tap 
- Moshi 
town 

14-Oct  129 22,3 - Private tap Honey Badger 
Lodge (Moshi town system) 

-3,35083 37,38388 817 

082 Spring 14-Oct Spring Kida Hendeni 186 19,3 0,9 Potential source for Mdawi. 
Spring flows all year. 
Fluoride = 0 mg/l 

-3,30550 37,42508 1.417 

083 Private tap 14-Oct  - - - Private tap , with reservoir -3,30625 37,42481 1.440 

084 Spring 14-Oct  - - - Spring used for irrigation -3,30845 37,42341 1.356 

084 Spring 17-Oct  187 19,7 -  -3,30845 37,42341 1.356 

085 Private tap 14-Oct  - - - Tap connected to bomba -3,31004 37,42065 1.348 
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way-
point 

type date description EC 
(μS/cm) 

temp.
(°C) 

Q 
(l/s) 

comments lat lon elevation 
(m+MSL) 

from Kimarare. No water 

086 Pipe 14-Oct Pipe with connector - - - Pipe from Kinyaha (upper), 
opened to let out airlock 

-3,31017 37,42037 1.358 

087 Meter 
Moshi pipe 

14-Oct  - - - Uppermost Moshi town 
meter? 

-3,34615 37,39315 872 

088 Schools 17-Oct Kisaseny Prim.+Sec. 
School 

- - -  -3,30522 37,42055 1.431 
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Appendix 3 – Water level measurements 
 
The waterlevel in the upper and lower reservoir tanks was measured using a water level pressure 
meter (Diver by Schlumberger). The pressures are corrected for air pressure and recalculated to 
waterlevels. These water levels are shown in the figure below.  
 

 
Figure 13 Water levels in upper and lower reservoir tank, in cm. Values are relative to the 
level at the moment the measurements started.  
 
From these data it can be seen that the water level in the upper reservoir tank rises quickly during 
the night. The rise is in the order of magnitude of 1,0 m. Taking into account the tank diameter of 4.9 
m (external) this means an amount of 3.5 to 4 m3. The tank fills until about 8 o’clock in the morning. 
Within 2 hours all water is taken out of the tank. From 8 o’clock in the evening the water level rises 
again, meaning that the water consumption ceases. This cycle can be seen every day. 
 
In the lower tank the measurement period was quite short. Still some things can be seen. The water 
level does not change rapidly. Only a small rise in water level is measured early in the morning at 19 
October. Only little water flows into the tank. This corresponds well with the explanation of the 
Water Committee. 
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Appendix 4 – Mission story  
 
Thursday 6 October 2011 Arrival in the evening. 
  
Friday 7 October 2011 Meeting with Mr. Lekey and Mr. Lyatuu. Field visit to springs, tanks 

and reservoirs in the upper part of the system. 
  
Saturday 8 October 2011 Meeting with the Mdawi Water Committee. 
  
Sunday 9 October 2011 - 
  
Monday 10 October 2011 Reconnaissance of the eastern branch of the Mdawi system. 
  
Tuesday 11 October 2011 Measurements at borehole and lower water reservoir. Visit to 

Moshi for photocopying hydrogeological report and drill logs. 
  
Wednesday 12 October 2011 Meeting with District water engineer (Moshi Rural), buying supplies 

in Moshi. Reconnaissance of the western branch of the Mdawi 
system. 

  
Thursday 13 October 2011 Report writing. Field visit to Western part of the system. 

Measurements at potential new spring. Field visit to eastern part of 
the system. Harry Rolf arrives in the evening. 

  
Friday 14 October 2011 Technical discussions with Harry Rolf. Visit of reservoirs, BPT's and 

taps. Measurements at Kinyaha juu source and installation of data 
logger at Kinyaha juu and reservoir. 

  
Saturday 15 October 2011 - 
  
Sunday 16 October 2011 Harry Rolf departs. Looking up data on the internet. Report writing. 
  
Monday 17 October 2011 Planned meeting with District water engineer was cancelled. Field 

visit to Northen part of Mdawi and Mowo. Removing data logger 
from Kinyaha juu source. 

  
Tuesday 18 October 2011 Meeting with District water engineer. Installation of data logger at 

lower reservor. Report writing. Preparing for meeting with Water 
Committee. Meeting with Mdawi Water Comimittee. 

  
Wednesday 19 October 2011 Copying information at DWE office. Processing data, preparing 

report. 
  
Thursday 20 October 2011 Removal of data loggers from reservoir tanks. Departure to The 

Netherlands. 
 
 
 
 
 
 
 
 


