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1. Introduction 
On request of Aqua for All a field visit was carried out to a number of water schemes constructed by 
Chamavita in the Lushoto district, Usambara Mountains, Tanzania. 
 
This visit follows after a visit of Mr. Harry Rolf of the PWN Water supply Company North Holland Ltd. 
and the start of a measuring campaign to get insight in the behavior of the Lukozi and Kwemakame 
water schemes.  
 
The aims of the visit were to see the progress of the measuring campaign, to give technical advice on 
the measuring campaign and the water schemes, and to assist with any further problems or questions 
on the water schemes. 
 
This report gives an overview of the observations, findings and recommendations of the field visit. 
Some remarks in this report relate to the mission report of Mr. Rolf (Report on the initial survey to 
investigate the depletion of village spring water supply schemes in the Usambara mountains, 
Tanzania, 23-30 October 2006, Harry L.M. Rolf), to the first monitoring evaluation report (Kwemakame 
and Lukozi short term hydrological monitoring; evaluation, 26 June 2007, draft, Harry Rolf) or to the 
first set of measurements (23 March - 22 May 2007, Chamavita). 
 
The observations, findings and recommendations for each water scheme are discussed in separate 
chapters. 
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2. Lukozi scheme 
The Lukozi scheme was visited on Thursday July 19 2007. 
 
Observations 
The rain gauge and evaporation pan are located in a fenced of area (tree nursery) near a primary 
school. 
 

 
The location of the rain gauge and evaporation pan 
 
The rain gauge has a diameter of 12.5 cm (or 5 inches) and is constructed of tin. Underneath the tin 
funnel a plastic container (a half soda bottle) is placed to collect the rainwater. The amount of water is 
measured by pouring the water from the container into a measuring cylinder. 
 

 
Rain gauge 
 
The measuring cylinder belonging to the Lukozi scheme rain gauge was not available at the time of 
our visit. The measuring cylinder is used for both this research and for another research carried out by 
another organization. At the time of our visit (Thursday 19-07-2007) the measuring cylinder was 
needed for a few days at another location and was only planned to be returned on Monday. The units 
of the cylinder (ml or mm) could therefore not be checked. Mr. Mwanjela will check the units of the 
measuring cylinder when it returns. 
 
The evaporation pan has a diameter of about 120 cm. The sides of the evaporation pan are painted 
black and white. The water level in the pan is maintained at a constant level (the border between the 
black and white) by adding or removing “cups” of water every day. A “cup” is made of a PVC pipe with 
a diameter of 10 cm and an (inner) depth of about 14 cm. The bottom of the PVC pipe is closed of by 
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concrete. Based on the dimensions of the evaporation pan and the cups it can be calculated that each 
cup corresponds to a change in water level in the evaporation pan of 1 mm. 
 

 
Evaporation pan 
 

 
The water level is maintained at a constant level at the transition between the black and white border. 
 

 
Cup used to remove or add water from/to the evaporation pan. This cup corresponds to a change in 
water level of 1 mm. 
 

black-white transition 
water level 

location of measurement 



Chamavita water schemes, Usambara Mountains, Tanzania - Mission Report 18-07-2007 – 22-07-2007 5 

A rain gauge belonging to a university is also situated on the premises of that same school. Historical 
data belonging to this rain gauge is available in the New LocClim database. 
 

 
Automatic rain gauge at the school 
 
The pipe near the first break pressure tank (BPT) that was found to be damaged during the visit of Mr. 
Rolf has been fixed. 
 
The measurements of the water level in the BPT’s are carried out by placing a wooden stick in the 
BPT and measuring the length of the wet part with a measuring tape (in cm). So the measured value 
is the thickness of the water column in the BPT. 
 
 
 
 
 
 
 
 
 
 
 
 
 
Schematic overview of the break pressure tank (BPT) 
 
The BPT is equipped with a float that is connected to a valve on the incoming pipe. When the water 
level in the BPT raises beyond a certain level the valve should close of the incoming pipe to prevent 
more water from entering the BPT. During the visit it was noticed that the valve did not work properly: 
the incoming pipe was not closed when the water level rises. So even when the BPT was full, there 
was still flowing water in from the dams. 
 

valve 

float 

overflow 

to the villages 
measured water level 

from the dam 
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Picture from inside the BPT 
 
This means that when the water use was low (for example during the night) there is hardly any outflow 
of the BPT (no water is being used), and the water level rises in the tank. But since the valve didn’t 
work the incoming water (from the dam) was not reduced, so the water level could rise even more until 
the water was leaving the BPT through the overflow pipe. 
 
After our visit efforts were made to fix the valve. The day after our visit a 10 cm large piece of wood 
was removed from the valve and the valve now works again. 
 
The overflow is connected to a pipe which is going subsurface. At the time of our visit, it was unknown 
where this pipe was going to. During our visit the bushes were cut away to see where the overflow 
pipe was going to. It seemed that after about 3 meters the overflow pipe was surfacing again and was 
spilling any water on the hill slope. 
 

 
Break pressure tank with overflow pipe (on the right) 
 

overflow 

float 
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The water starts to overflow when the water level in the BPT is about 1.40 m high (tested and 
measured). Since during the first 2 months of the measuring campaign (March - May) the water level 
was measured to be 1.40 m, the water was overflowing every day during this period. 
 
Discharge of the incoming pipe is not measured. Measuring the discharge by putting a bucket under 
the incoming pipe and measuring the time needed to fill the bucket (as suggested by Mr. Rolf) will be 
difficult for the following reasons: 

- At the time of our visit the water level in the BPT was almost at the same level as the incoming 
pipe. The person measuring the discharge would therefore need to be standing in almost 1.5 
meters of water. 

- The amount of incoming water is high, so the bucket will be filled very rapidly (although this 
can be tackled by increasing the bucket size) 

- When a person and/or a large bucket enters the water the water level in the BPT will rise. 
Since the float is connected to a valve, this rise in water level will cause the valve to close off a 
little and therefore the measured discharge will be lower than the actual discharge just before 
and after measuring. 

 

 
High water level in the BPT 
 
All pipes connected to the BPT are cast iron pipes with a diameter of 160 mm. 
 
After the visit to the BPT we visited the dam that provides the BPT with water. We only visited the 
lower dam (Hambalawei) of the system. The water level in that dam is measured using a staff gauge 
which was provided by the PBWO. The staff gauge is constructed in such a way that a water level of 
50 cm corresponds to the level of the spillway of the dam. 
 

 
Staff gauge 
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It was noticed that water levels up to 65 cm have been measured in the past months. This means that 
the water level in the dam will be 15 cm above the level of the spillway (so at the spillway 15 cm of 
water is flowing away). According to the VSA’s and algae traces on the concrete this indeed can be 
the case. 
 

 
Spillway 
 
Conclusions and recommendations 
In the following paragraph the agreements I made with Chamavita and my conclusions and 
recommendations regarding the Lukozi water scheme are described. 
 
The method of measuring the evaporation is not ideal: it is hard to fill/empty the evaporation pan to the 
exact correct level. The water level can easily be a few mm’s higher or lower than the goal level. On a 
daily scale this can result in errors, but on a larger (weekly/monthly) scale these errors level each 
other out. It is therefore advised to continue with the evaporation measurements without any 
modifications. 
 
Since it is important to have regular and consistent measurements of rainfall and evaporation it is 
advised to ask the PBWO for an official measuring cylinder (with units in mm) belonging to the rain 
gauge diameter (5 inch). Same as the measuring cylinder at the Kwemakame scheme (which they 
also got from the PBWO). 
 
Mr. Mwanjela will check the units of the measuring cylinder when it returns. 
 
Mr. Mwanjela will also ask a spare staff gauge from the PBWO in case on of the staff gauges from the 
Lukozi scheme will get lost or damaged. 
 
A large amount of water was lost because the valve in the BPT was not working properly. I presume 
that (almost) every night the BPT was full since there is hardly any water use during the night. Since 
the valve was not working properly the inflow into the BPT was not stopped, so every night water has 
probably been lost by the overflow. According to the measurements the water has been overflowing 
ever since the start of the measurements in March 2007 until the end of the data I have so far (May 
2007). 
When the reservoir behind the dam is full (as it was at the time of our visit) this is no real problem: the 
water is overflowing anyway, either through the overflow in the BPT, or over the spillway of the dam. 
But when the water level of the dam drops below the spillway level the losses by the overflow of the 
BPT can be significant. If for example the BPT is full during 6 hours every night, but still there is an 
inflow of 1 liter per second in the BPT, then every night there is almost 22 m3 of water is spilled from 
the reservoir behind the dam! Since the valve is now fixed, the amount of spilled water will be greatly 
reduced. 
 
Since the difficult conditions to measure the discharge of the incoming water in the BPT and because 
the discharge fluctuates greatly during the day it is advised just to continue with monitoring the water 
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levels in the BPT’s. It would be nice to have a better understanding of the actual amounts of water that 
flow in and out of the BPT’s, but I think that with knowledge of just the water levels the functioning of 
the system can be monitored properly. In case of any real problems (i.e. leaks, obstructions, etc.) or 
strange observations, the measurements can be extended to discharge (i.e. with the use of a 
discharge meter) to get insight in actual volumes rather then just relative quantities such as the water 
levels.  
 
In addition to the measurements of the water level in the BPT it is advised to note down every day 
whether the tank has been overflowing or not. This can be tested in a simple way by placing a float 
(i.e. a piece of wood) at the end of the overflow pipe and to check if it is still there the following day. If 
the BPT has been overflowing the water would have flushed the float away, otherwise it will still be 
there. The VSA’s were informed and instructed and will make notes every day whether there has been 
water overflowing or not.  
 
Before the water level in the dam reduces to a level below the spillway the proper functioning of the 
valve should be checked again. 
 
The connecting pipe between the upper and lower dam should only be opened when the water level of 
the lower is below the level of the spillway (so only when the lower dam is not overflowing). In this way 
the water that is stored in the upper reservoir will be stored and can be used to provide water to the 
system during the dry period. 
 
The repairs that have been carried out since the start of this project (repairs of the pipe, remove 
clogging of the pipes and repair of the valve) have significantly reduced the amount of water that is 
lost from the system. It is therefore likely that the period when water shortage occurs will be reduced. 
The ongoing measurements will give insight in the availability of water during the dry system. 
 
If these measurements indicate that there is still a water shortage during the dry period (and no leaks 
or other losses occur) the only two ways to decrease the periods of water shortage are to reduce the 
water use, or to increase the water availability (i.e. by raising the level of the dam). 
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3. Kwemakame scheme 
Observations 
The evaporation pan, measuring cups and rain gauge are similar to the ones used in Lukozi. They are 
surrounded by a fence and are located not far from piezometer 1. 
 

 
Piezometer and rain gauge 
 
At Kwemakame an official measuring cylinder is used which was obtained from the PBWO. This 
measuring cylinder is specially designed for a 5 inch rain gauge (the same size as the rain gauge 
used) and therefore directly gives the rainfall in mm’s. 

 
Measuring cylinder for 5 inch rain gauge 
 
Piezometer 1 (also referred to as “Well 1”) is located in the upper part of the system at about 100 m 
distance of intake 3. Piezometer 2 (or “Well 2”) is located in the lower part of the system. 
 



Chamavita water schemes, Usambara Mountains, Tanzania - Mission Report 18-07-2007 – 22-07-2007 11 

 
Piezometer 1 
 
Only piezometer 1 has been visited. Following the advice of Mr. Rolf the details of the piezometer 
(diameter, depth, elevation above ground level, material) have been measured and noted. All details 
are given in the following figure. 
 

 
Schematic overview of piezometer 1 
 
Spirit level measurements have been carried out in order to relate the groundwater level in the 
piezometer to the water level in the intake. The bottom of the intake is located approximately 2 m 
higher than the top of piezometer 1. 
 
At the time of our visit intake 3 was almost empty. Only a small amount of water was flowing in from 
the drainpipe at the back of the intake towards the outflow. 
 

diameter pipe: 7.5 cm 

total depth: 130 cm 

height above ground surface: 30 cm

concrete 

material: PVC 

ground level 

groundwater level 

water level below top of piezometer: 0.42
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Drainpipe providing a small amount of water to intake 3 
 
Conclusions and recommendations 
In the following paragraph the agreements I made with Chamavita and my conclusions and 
recommendations regarding the Kwemakame water scheme are described. 
 
Chamavita measure and note down the details of piezometer 2. It is advised to use the same (or a 
similar kind of) sketch to indicate the measured values so no misunderstandings can occur about the 
measured entity. For Chamavita’s convenience I will e-mail them some schematic drawings which they 
can use. 
 
Measurements of the groundwater levels in the two piezometers are being taken on a daily basis 
using a groundwater measuring tape. The measured values are meters below the top of the 
piezometer. 
 
Chamavita will construct a sketch map of the area with the locations of the piezometers in it. 
 
The VSA’s will measure the discharge of the 2 incoming pipes in the lowest collection chamber 
(Chamber 5) and the water level in the Storage tank. In this way we will gain insight in the water 
supply and availability during the year. 
 
Chamavita will try to install a discharge meter (they have on at the office) in the pipe between the last 
collection chamber (Chamber 5) and the storage tank. In this way we will get an even more detailed 
insight in the water supply. 
 
It was found out that there was some misunderstanding relation the Mission Report of Mr. Rolf. He 
states that: 
“To protect the intakes from roots growing in the gravel and wall, all vegetation higher than 20 cm 
should be removed in the surrounding area up to a distance of 4 meters.” 
This advice only relates to the high vegetation within 4 m around the intakes to prevent the roots of the 
vegetation to clog the system. All vegetation at a greater distance will form no threat and should 
therefore not be removed! 
 
The pipes are connected to the lower outlets of the intakes. This outlet was originally designed as a 
washout. The original outlet is located a bit higher and is not connected to anything. If the water level 
in the intake rises (during wet periods) the original outlet will act as and overflow. So it is important to 
close of these original outlets when are not in use.  
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4. Mkuzi scheme 
Observations 
A short visit was paid to the Mkuzi scheme. The Mkuzi scheme consists of a number of sources were 
water is collected and lead to a large reservoir tank. At the time of our visit the large reservoir tank was 
full and overflowing. 
 
We visited one of the sources higher up in the catchment were the water is collected with the use of 
sub-surface drainpipes that collects shallow groundwater. The whole system consists of a number of 
these sources. During the dry period these sources dry up and don’t provide enough water for the 
community. 
 
Conclusions and recommendations 
In the following paragraph my conclusions and recommendations regarding the Mkuzi water scheme 
are described. 
 
Try to manage the water by closing off some of the sources if the water level in the storage tank is 
high. In this way the groundwater will not be drained and will remain in the soil until the pipe is opened 
again. The water will only be drained when it is necessary. This prevents the loss of water from an 
overflowing tank and will reduce the period with water shortages. 
 
If Chamavita explains this concept to the VSA’s they can manage the system (and therefore the water 
availability) themselves. I would recommend just to start with managing the system based on the water 
level in the tank: close sources when the water level is high, open a source when the water level gets 
to low. When additional measurements are thought to be necessary this can be arranged, but for now 
I don’t thinks it is necessary. The VSA’s should however be instructed to contact Chamavita is 
something strange occurs (i.e. if one source suddenly stops providing water), so Chamavita can 
(together with the VSA’s) try to solve the problem. 
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5. Maringo Juu 
Observations 
We visited Malindi Juu primary school: a location where Chamavita would like to start a new project 
involving collecting rainwater from rooftops (roof catchment system). Chamavita wants to use this as 
an example project so the people can see how much water can be collected from a rooftop. 
 
The Malindi Juu primary school seems like a very good location for a roof catchment system: it has a 
large roof surface and good possible locations to construct a large reservoir tank. However, at the 
premises of the school there is also a tap which gets water from the Lukozi scheme. According to 
Chamavita this tap doesn’t provide water during the dry period, since there isn’t enough water during 
the dry period. 
 
After the visit to the school we walked up to the mountains and looked at some possible locations to 
construct a dam to store rainwater. 
 

 
One of the possible locations for a dam 
 
Conclusions and recommendations 
In the following paragraph my conclusions and recommendations regarding the Maringo Juu water 
scheme are described. 
 
The idea to construct a roof catchment system to show people how much water can be collected from 
a roof is a very good idea. The potential of rooftop catchments is often underestimated. The Malindi 
Juu primary school would be a nice location to construct such a system, but they already have a tap 
water system from the Lukozi scheme. 
 
I would recommend to see if the improvements of the Lukozi scheme increase the water availability at 
the school and to look for a different location (were there is no water system yet) to construct a rooftop 
catchment system. 
 
As promised to Mr. Mwanjela, I have collected some information (books and articles) on the design 
and construction of rooftop catchments. I will e-mail this information to Mr. Mwanjela, but it can also be 
downloaded from my website: 
http://www.texen.nl/water/rooftops 
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6. General 
The construction of a spare evaporation pan (as advised by H. Rolf) is not considered to be an 
essential activity. The construction and protection of the evaporation pans is done in such a way that 
the chances of the pan being damaged or taken away are small. Even when the pan is damaged, 
repairs of the pan can be made within short notice and will be considerably cheaper than replacing the 
pan completely. 
 
Chamavita will try to look up or estimate the number of water users per system in order to estimate the 
availability and/or use per person 
 
Chamavita will collect and e-mail the measurements at the end of August 2007 and at the end of 
September 2007. If the measurements show reasonable values and no further questions arise, the 
measurements will be collected and e-mailed once in every 3 months. 
 
Chamavita is advised to accompany the measurements with a small but detailed document which 
describes the locations of the measurements, the measured values, reference levels, etc. The 
document preferably also contains simple sketches of the measured objects. 
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Appendix 1 
Mission story 
 
 
Thursday 18-07-2007 
Transport from Moshi to Lushoto by bus. 
Check in at the Lushoto Tumaini hotel. 
Arrival in the afternoon. Meeting and discussion with Mr. Mwanjela at the Chamavita office. 
 
Friday 19-07-2007 
Visit to Lukozi scheme. 
Handed over money for the next few months of the measuring campaign. 
 
Saturday 20-07-2007 
Visit to Maringo Juu area. 
 
Sunday 21-07-2007 
Visit to Kwemakame scheme and Mkuzi scheme. 
Final mission discussion at Irente Viewpoint. 
 
Monday 22-07-2007 
Transport from Lushoto to Dar es Salaam by bus. 
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Appendix 2 
Schematic sketches that Chamavita can use for their report 
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