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1. Introduction 

1.1. Project background and mission objectives 
The Kwemakame gravity water schemes is a rural water scheme located in the Usambara Mountains, 
about 11 km northeast of Lushoto, Tanga region, in Tanzania. Using several intakes shallow 
groundwater (“springs”) is captured in the hills from where it is collected by a number of collection 
chambers and tanks and transported to the lower parts of the village by pipes. According to the 
community, the system is depleting causing water shortages. 
 
Chamavita (Chama Cha Maendeleo Vijijini Tanga) is a Tanzanian NGO who facilitates several water 
schemes in the region, including the Kwemakame water scheme. In 2006 Chamavita, Aqua for All 
and Aquanet/PWN have started the “Village spring water supply research project” (Aqua for All 
projectnumber S06041). This research project is aimed on finding the reasons of, and a solution for 
the depletion of spring fed water schemes in the Usambara Mountains. The project is focussed on 
the Kwemakame Water scheme and its sources in the Dindira ‘Gravity Spring’ catchment. 
 
The research started in 2006 with a hydrological data collection programme. Since then regular 
measurements have been carried out and several fieldworks were undertaken to get a better 
understanding of the hydrological functioning of the system and to come up with ways to improve 
the water availability. In 2011 two pilot projects were constructed were water is captured, stored and 
filtered by means of artificial recharge. The objective of these pilots is twofold: not only to improve 
the water supply of the Kwemakame water scheme, but also to determine if similar systems 
elsewhere could benefit from small scale artificial recharge. It’s an applied research project meant 
for dissemination. 
 
The project is managed by Chamavita. The project is funded by Aquanet/PWN and Aqua for All and 
since 2012 Aquanet/PWN provides technical assistance to the project. 
 
As part of the project a short mission was conducted between 2 and 16 May 2012 by Sander de Haas 
of Aquanet/PWN. The objectives of this mission are: 

• To determine the functioning of the two pilots. 
• Evaluate the quality of the hydrological monitoring data. 
• To discuss how to proceed with the pilots and monitoring. 

 
The mission was a cooperation between Mr. H. Mwanjela of Chamavita, Mr. S. Shoo, principal 
technician, hydrogeology of PBWO (Pangani Basin Water Office), Kiyango, data collector and Sander 
de Haas of Aquanet/PWN. This report is the result of this mission. A short mission story is shown in 
Appendix 6. 
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2. Kwemakame water scheme and catchment area 

2.1. Location 
The village of Kwemakame (4.726° S, 38.363° E, https://maps.google.com/maps?q=4.726S,38.363E) is 
located about 11 km Northeast of Lushoto in the Usambara Mountains in Tanzania. Kwemakame is 
located in Lushto district, Tanga region. The village stretches out from the valleys of the Sine river 
(elevation about 1580 m+MSL), up to the hills above the village (elevation about 2100 m+MSL). An 
overviewmap is given in Figure 1, an excerpt of the 1:25,000 topographic map of the area is given in 
Appendix 1. 
 

 
Figure 1 The location of Kwemakame vilage 
 
The water scheme comprises two villages and 9 sub-vilages (Table 1). 
 
Table 1 Villages and sub-villages of the Kwemakame water scheme 
 Village Sub-village 
1. Dindira 
2. Bandi 

3. Gezaulole 
4. Ntambwe 

5. 

Kwai 

Kimunyu 
6. Mgosingwa 

7. Kwemakame 
8. Luago 

9. 

Kwemakame 

Kwemagemo 
 



 
                                        Mission Report 

 

  Page 4 of 47 

 
Figure 2 The village map of Kwemakame 
 
The Water Board consists of 6 members: 3 members from Kwai village (1 male, 2 females) and 3 
members from Kwemakame (2 males, 1 female). Each of the nine sub-villages has a Hamlet Water 
Committee comprising of 6 members (3 males and 3 females). And there are 34 tap committees 
responsible for the tap points throughout the sub-villages. 
 

2.2. Climate 
In 2007 a meteorological station (rainfall and evaporation) has been constructed near the intakes of 
the Kwemakame water scheme. Measurement are taken on a daily basis. Furthermore information 
from two meteorological stations in Lushoto (Agricultural Office and Meteorological Office) and the 
New_LocClim software (FAO, 2005) has been used. 
 
Average annual rainfall in the area is about 1,050 mm. Rainfall is concentrated in two rainy seasons: 
the short rains (‘Vuli’) from October to January and the long rains (‘Masika’) from February to May. 
Annual potential evapotranspiration is around 1,440 mm. Temperature varies between 17 and 34 °C. 
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Figure 3 Average monthly precipitation and potential evapotranspiration for Dindira (4.728° S, 
38.333° E, altitude 1941 m, source FAO, 2005) 
 

2.3. Geology 
The Kwemakame area is located in the Usambaras, a tectonic horst which steeply rises over its 
foreland: the Maasai Plains on the southwest. Geologically it is made up of Usagaran metamorphites, 
predominantly of granulites and gneisses. The mountains rise steeply from the plains at an elevation 
of about 500 to over 2,000 m+MSL. 
 

 
Figure 4 The Maasai plains on the left and the Usambara mountains on the right at Irente 
Viewpoint (4.804° S, 38.257° E) 
 

short rains (Vuli) long rains (Masika) 
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The main rock type in the region is composed of pyroxene and hornblende granulites and gneisses. 
There is also a rare occurrence of basic and ultrabasic metamorphic rocks ranging from anorthosites 
to peridotites. These rocks, however, do not generally form topographic highs.  
Folding is of no topographical consequence. Faulting however, which is responsible for the uplifting 
of the Usambara is a prominent factor in the formation of the recent topography.  
 
For a more detailed description of the geology of the area, see Shoo (2010), an excerpt of the 
1:125.000 geologic map of Lushoto and surroundings is including in Appendix 2. 
 

2.4. Vegetation 
Vegetation is mainly tropical highlands bush/grass cover of the Usambaran with thin forest reserves 
of (planted) trees: Grevellia Robusta, Wattle and Eucalyptus, as well as apple and pear trees. In the 
lower (not-reserved) areas maize and bananas are grown on small plots. 
 
Kwemakame has lost the most part of its natural vegetation cover following lack of nature 
conservation strategies which should be going in line with social economic strategies. The 
neighbouring forest reserve even does not have trees and natural growth.  The loss may be 
attributed to rapid population growth which has resulted into acute shortage of arable land.  
 

 
Figure 5 Impression of the Dindira catchment 
 
The area is covered by the tropical highlands grass cover of the Usambaran. The grass is thin to 
moderately thick, the thickness decreasing with elevation rise. The common grass type found in the 
area is the introduced Guatemala and savannah. The trees observed in the thin forest reserve are 
grevellia robusta, wattle and eucalyptus which do not flourish as much following the lack of 
adequate soil cover with humus. Apple, pears, plums trees contribute reasonably to tree cover of the 
area. Maize and bananas which are major crops grown in the area do not flourish as much following 
the poor fertility of the thin soil cover thinned by erosion agencies such as wind, water and long dry 
spells. The long dry spells may be attributed to excessive tree felling which of late has rendered the 
then well covered green rich area almost semi-arid. 
 

2.5. Layout of the Kwemakame water scheme 
The Kwemakame water scheme is constructed between May 1987 and July 1989 after a cholera 
outbreak in 1983 in which about 100 persons died in Kwemakame. The system consists of 10 intakes 
in the Dindira catchment where shallow groundwater is captured. An intake consists of a rectangular 
chamber and sub-subsurface wall constructed about 2 to 4 meters into the ground at places were 
water was seeping out of the ground. These places were called springs. Just upstream of the wall 
plastic drainpipes are placed in a gravel pack which are connected to the chamber. The wall 
obstructs the downward flow of the groundwater and the drain pipes transport the water toward the 
intake chamber. In the intake chamber an outlet pipe is constructed which transports the water 
down through small diameter pipes. 
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Figure 6 Schematic cross-section (left) and overview (right) drawing of an intake 
 
The water from the intakes is collected in collection chambers which also act a break pressure tanks. 
From thereon the water flows down into a 90,000 litre storage tank. 
 

 
Figure 7 Layout drawing of the intakes of the Kwemakame water scheme (adapted after the 
original drawing, it now includes the intakes that were added later). A larger version of this 
drawing is included in Appendix 3 
 

 
Figure 8 Intakes 8, 9 and 10, collection chambers 2, 5 and 6 and the storage tank at Dindira 
 
From the big storage tank in Dindira the water flows down towards Kwemakame village. Along the 
way several break pressure tanks, storage tanks and tap points. Before reaching Kwemakame the 
system is split up in several branches. Besides the intakes in the Dindira catchment there is one 
additional source to the system: a small spring in Kidandi. In total the system consists of over 9 km 
of pipes and over 25 tap points. Figure 7 and Appendix 3 give an overview of the layout of the 
system. More details on the construction of the system can be found in Bolt and Heeger (1990). 
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Figure 9 Overview of the Kwemakame water scheme 
 
Since 2011 intake 1 is disconnected from the other intakes and solely serves the Dindira sub-village. 
Besides the Kwemakame/Dindira system there is a small spring in Bandi which feeds a pipe that 
provides water to the Bandi sub-village. Of the 9 subvillages in Kwemakame only Kwemagemo is not 
supplied with water. 
 

2.6. Dindira Catchment hydrology 
The source for the Kwemakame water scheme is the Dindira catchment (4.727° S, 38.335° E). The 
catchment area (up to the lowest intake nr. 10) is about at 436,000 m2. All intakes are located in the 
Dindira valley which subsurface consists of clays, weathered rocks and boulders. The overall valley 
slope is about 22% in eastern direction. 
 

 
Figure 10 Map of the Dindira catchment (in yellow) and Kwemakame village 
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The Dindira Valley is bounded by bedrock outcrops in the north, West and South. The geology of the 
area is grouped Usagaran metamorphic rocks, consisting of gneisses, granulites, amphibolites of 
various composition and origin. The slopes are covered by shallow clayey soils, (Neogene 
undifferentiated soils weathered from Usagaran rocks) and many rock boulders. 
 

 
Figure 11 The Dindira catchment as seen from Kwemakame village 
 
Geophysical research revealed a buried aquifer (depth 10-15 m) in the valley center. This aquifer is 
filled with (probably alluvial) sands, gravels and clays and probably also big rock boulders. At intake 
2 the aquifer is small (25 m), but it is widening downstream to 80 m. 
 
Rainfall is partly infiltrating in the soils and is partly running off to the central, lower parts of the 
valley where it either infiltrates, or flows out overland. 
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Figure 12 A swampy area with a small pond in the Dindira catchment 
 
Slow rains get the time to infiltrate, but short heavy rains do not. The changing climate is said to 
have brought more heavy rain showers in the past decades. Furthermore the original natural forest 
in the upper catchment has been cut in favour of farming plots. Hence the amount of rainwater 
infiltration decreased and more runoff water flows out of the area. 
 
Three major overland runoff tracks are surveyed in the area. One of them is the footpath along the 
south side of the valley, showing large volumes of runoff water during heavy showers. 
 
The infiltration on the slopes is moistening the soils and is withdrawn by the transpiring vegetation. 
Recharge to groundwater is low and the groundwater level must have dropped considerably in the 
past decades. Groundwater is stored in the buried alluvial aquifer. Main recharge is from water that 
ran off from the slopes to the centre of the valley. There may be some (minor) groundwater inflow 
coming from the shallow soils on the slopes.  
 
Main, gravity driven groundwater flow is in the downstream (West-East) direction of the alluvial 
aquifer. This aquifer is slowly flowing downwards reaching to surface at low-lying spots or (maybe) 
blockages of low transmissivity, for example the swampy areas of Figure 12. 
 

2.7. Water balance of the Dindira catchment area 
In the assessment of the water balance overland runoff plays a crucial role. Runoff is observed in the 
field. Immediately after showers started, huge amounts of water are flowing over a (West-East) 
footpath in the valley. It was impossible to quantify the amount of runoff. 
 
According to the South Pare Mountain research (Mul, 2009) about 4 % of the rainfall is estimated to 
runoff overland during small rainfall events (say 10 mm daily). In extreme events (say 100mm daily)  
the surface runoff could be up to 9% of the rainfall. 
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2.8. Water demand 
The water of the Kwemakame Water Scheme is used for domestic use (drinking, washing, cooking, 
cleaning), irrigation, cattle (cows, goat, sheep) and the production of local beer. 
 
There has been some discussion on the population number of Kwemakame (Shoo, 2009), but it is 
estimated that there are between 2.500 and 4.000 people living in Kwemakame (3,000 as a ‘best 
guess’). Furthermore there are about 790 cows and 504 goats and sheep. 
 
When assuming an average water consumption of 25 liter per person per day, the total water 
demand for domestic use is around 75,000 liter per day, which equals to 27,400 m3 per year or 0.9 
liters per second. When accounting also the water for cattle the total water demand is around 
100,000 liter per day, or 1.1 liter per second. See also Table 2. 
 
Table 2 Kwemakame scheme water needs in 2009 (nr. of users taken in between the National 
census and the 2009 village counting) 

  people cows goat/sheep total   

number 3,000 790 504     

required daily amount of water (l/day) 25 22 12     

water demand (l/day) 75,000 17,380 6,048 98,428 l/day 

required yield water scheme       1.1 l/s 
 

2.9. Depletion of the system 
The geohydrological situation and the behaviour of the system was understood from hydrological 
monitoring and additional geophysical fieldwork.  
 
In summary, the reasons for depletion of the Dindira gravity water sources were found to be as 
follows: 
• Over decades, the springs of the Dindira Catchment (supplying the Kwemakame water scheme) 

depleted due to deforestation. Tree cutting, agricultural practises and cattle grazing caused a 
significant decrease of rainwater infiltration. 

• There is no proof (yet) that climate change significantly contributed to spring depletion. Rainfall 
(Lushoto station) does not show significant trends since the ninety forties. 

• At the initiation of the scheme (1989) the intakes were constructed with a shallow intake wall of 
only 1.5 – 2 meters. These shallow intakes are only ‘scraping’ the top of the already depleted 
groundwater system and most of the intakes dry up in the dry season. 

• It is actually not known whether the yield has depleted since it’s construction. There are no 
measured yields up to the start of this research project in 2006. 

 
More details on the depletion of the Kwemakame water scheme can be found in “Chamavita spring 
water schemes, Usambara Mountains, Tanzania; Mission report 01-11-2008 – 17-11-2008”, Rolf 
2008b. 
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3. Methodology: research to improve the water situation 

3.1. Introduction 
As with many rural water schemes, there was little information available at the start of the research 
project. There was a report on the construction of the schemes (Bolt & Heeger, 1990) and a design 
drawing of the intakes (Figure 7), but there was no information available on discharges, hydraulic 
parameters, etc. 
 
There are many free online information sources which can be used for hydrological analysis (De 
Haas, 2011). The following information has been collected online: 
• 1:250,000 topographic map sheet SB-37 2, Lushoto, 1965 
• 1:50,000 topographic map sheet 109/2, Tanganyika, 1958 
• 1:125,000 geological map quarter degree sheet 109, Lushoto, 1963 
• Digital Elevation Model (Aster GDEM), 30m resolution 
• Contour lines derived from Aster GDEM 
• River lines derived from Aster GDEM 
• Landsat satellite imagery, 25 October 1999 
• Google Earth satellite imagery, various dates 
 

3.2. Layout, functioning of the system and flows 
Several field reconnaissances were carried out to understand and map the entire system. All intakes 
and collection chambers were visited, inspected and mapped using a GPS device. 
 

 
Figure 13 Map of the intakes of the Kwemakame water scheme. A digital version of this map 
for viewing in 3D using the Google Earth software can be downloaded from 
http://www.samsamwater.com/projects/73/data/Kwemakame_water_scheme_with_maps.kmz 
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The waterlevels in the intake chambers were measured, as well as the flow rate of the incoming 
pipes in the collection chambers. The discharges were measured by measuring the time required to 
fill a bucket with a known volume. 
 
A so called ‘bovenloper’ discharge meter (donated bij VBK Hoorn and Van Velsen) was installed to 
measure the outflow of the large storage tank. For yet unclear reasons the meter doesn’t register any 
flow, although there was water flowing through the pipe. Several options were tested, including 
installing the meter in front of the tank, making sure the pipe was always completely filled, and 
turning the meter 90 degrees to prevent airlocks. None of these options worked so far. Water is 
flowing through the pipe, but the meter is not giving any discharge. If the flowrate is increased 
(naturally or artificially), the meter suddenly does start to work, so it seems that the issue might be 
caused by the relatively low flow rates in the pipes. The problem isn’t caused by the meter. Before 
there was a different meter, but that didn’t run either. 
 
Measuring the discharges gave a lot of information on the functioning of the system (how much does 
each intake contribute to the total amount of water available), but it also provided insight in the 
different reactions of the intakes to rainfall. Some of them have a fairly constant discharge 
throughout the year, while others are highly influenced by rainfall. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 14 Base flow / peak flow rates (l/s) of all intakes (blue) and chambers (grey) within the 
Kwemakame water scheme 
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Figure 15 The total outflow of all Kwemakame intakes (blue) since 2008, compared to the 
calculated demand (red) 
 

3.3. Groundwater levels, soils and geology 
A piezometer to measure the groundwater level has been installed near the intakes. At some intakes 
more than one piezometer was installed to determine the gradient in the groundwater levels and the 
direction of flow. The elevation of all piezometers has been measured using spirit levels or the ‘tube 
level method’ (Figure 16). This is a low-cost and easy to apply method that Chamavita can also apply 
for other (construction) projects. For more details on this method see (Nissen-Petersen & Wanjihia, 
2006). 
 

 
Figure 16 Tube level measurements 
 
A regular monitoring network has been set up were groundwater level, surface water (dam) levels, 
discharges, and temperatures were measured regularly. Some levels are measured on a daily basis, 
while others are measured twice a week. 
 
At 4 sites (2 piezometers, a reservoir and a tank) pressure transducers with data loggers (so called 
‘divers’) were installed in October 2011 to measure the fluctuations in level with a high temporal 
resolution (every 4 hours). In May 2012 an extra diver has been installed in a newly placed 
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piezometer (see paragraph 5.2) and all existing divers were reprogrammed to measure every 30 
minutes. 
 
Geophysical research has been carried out in 2008 to determine the hydraulic properties of the 
subsurface. 5 vertical electrical soundings (VES) and 2 Wenner profiles have been measured (Rolf, 
2008b). 
 
At many locations augering and permeability tests were carried out to get more insight in the 
shallow geology. 
 

3.4. Water quality analysis 
In 2008 and 2011 water quality analyses have been carried out on the water from intake 1, intake 2, 
intake 4, chamber 5 and rainwater by the HWL laboratory in the Netherlands. Non of the measured 
parameters is above WHO guideline standard (see Table 3). This is very positive, although it is no 
guarantee that the water is safe for drinking, since the water is not tested for microbiological 
parameters (bacteria).  
 
Table 3 Overview of water quality analysis and WHO guideline values 

    Rainwater Intake 1 Intake 2 Intake 2 Intake 4 Chamber 5 
WHO 

guideline 

    4 Nov 2008 8 Apr 2008 8 Apr 2008 4 Nov 2008 4 Nov 2008 10 Nov 2011 
(4th Ed., 

2011) 

Aluminium µg/l   11.7 10.5     6.6 (900) 

Arsenic µg/l <0.5     <0.5 <0.5 <0.5 10 

Calcium mg/l <0.50 4.36 2.44 4.01 5.03 43.0 - 

Chloride mg/l <2 5 5 6 13 17 (250) 

Fluoride mg/l <0.05     <0.05 0.10 0.07 1.5 

Iron mg/l <0.01 0.01 <0.01 <0.01 0.22 <0.01 (2) 

Iron µg/l <10 11 <10 <10 220 <10 (2000) 

Potassium mg/l 0.14 <0.10 <0.10 0.79 0.99 2.59 - 

Magnesium mg/l <0.20 2.59 1.22 1.26 2.26 16.4 - 

Manganese mg/l <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 (0.4) 

Manganese µg/l <10 <10 <10 <10 <10 <10 (400) 

Sodium mg/l <1.00 7.44 4.38 4.96 11.4 16.3 (200) 

Nitrate mg/l N 0.20 2.39 0.05 0.06 0.22 5.15 11 

Nitrate (as NO3
-) mg/l NO3 0.89 10.6 0.22 0.26 1.00 22.8 50 

Orthophosphate mg/l P <0.02 <0.02 <0.02 0.08 0.03 <0.02 - 

Orthophosphate (PO4/l) mg/l PO4 <0.06 <0.06 <0.06 0.24 0.10 <0.06 - 

Silicate mg/l SiO2 <0.5 18.8 15.0 15.8 25.8 14.9 - 

Silicate (Si/l) mg/l Si <0.3 8.8 7.0 7.4 12.0 31.8 - 

Sulfate mg/l 1.22 7.55 2.59 20.3 7.82 103 (500) 

      (x) = no official guideline value 
 
The relatively high nitrate value measured in November 2011 at chamber 5 (22.8 mg/l) has been 
confirmed using Nitrate test strips (Merckoquant 110020 Nitrate test, Merck) on 10 May 2012. The 
nitrate test strips indicated a nitrate concentration between 10 and 25 mg/l for the water coming 
from intakes 8,9 and 10, measured in chamber 5. The other two incoming pipelines in chamber 5 
(from intake 11 and the intakes 1-6) had no nitrate. It seems very well plausible that the higher 
nitrate concentrations in intakes 8 and 10 (9 is dry) are caused by the small agricultural fields and 
cattle (sheep and goats) around these intakes. Although the nitrate concentration remains below the 
WHO guideline values, it does indicate that the water of these intakes more vulnerable to pollution. 
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3.5. Meteorology 
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Figure 17 Rainfall measured in Dindira (2007-2012) compared with LocClim data 
 
The measurement of March 2008 is probaly wrong and is therefore not used in later analysis. Most 
of the other measurements fit within the bandwith of the LocClim data. Only the measurements in 
January are always lower than the LocClim low estimate. The short rains in October to December 
2011 are (much) higher then the LocClim high estimate. 
 
When comparing the data of the several sources (Figure 18), it can be seen that the measured 
monthly averages in Dindira and the LocClim estimate for Dindira compare well with the measured 
normals at Lushoto Agricultural office. 
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Figure 18 Average rainfall measured in Dindira (2007-2012, excluding March 2008) compared 
with LocClim data and Lushoto normals 
 
Because the averages match well the LocClim estimates are used for the long term analysis in this 
research. These average precipitation amounts are given in Table 4.  
 
 
 
 
 
 
 

long rains short rains 
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Table 4 Average rainfall for the Dindira catchment 

  
Precipitation 

(mm) 
Long rains (Masika) Feb - May   604 
Short rains (Vuli) Oct - Jan   299 
Dry period Jun - Sep   141 
Year total  1044 
 
Since a long history of daily data is available from the Lushoto rain station, that station is used for 
short term frequency rainfall interpretation. High frequency data (within the day) are not available. 
The approach to take Lushoto for frequency analysis is tested to be generally correct by comparing 
the frequencies from Lushoto to the Dindira observed daily rainfall frequencies (Rolf, 2009). 
 
The results from the Dindira evaporation pan are not reliable. The observations show evaporation 
that is significantly too low. According to various other sources (Mul, LocClim) the evaporation 
(potential open water evaporation) should be roughly in the range of 100 (colder dry period) to 150 
(hot, Masika) mm/month, which is in the order of 3 - 5 mm/day. The Dindira pan observations are 1 - 
2 mm/day only. The accuracy of the evaporation pan equipment has been checked and double 
checked, but the reason for the low evaporation results could not be found. For this research an 
average catchment evapotranspiration of 4 mm/day is assumed. 
 



 
                                        Mission Report 

 

  Page 18 of 47 

4. Artificial recharge to improve the water supply 

The major conclusion from the research projects of the past few year on the Kwemakame water 
schemes is that the intakes have too little water, caused by a decrease in recharge over the years. 
Reasons for this decrease in recharge can be deforestation, changes in land use and/or climate 
change. It is very likely that this conclusion also holds up for other, similar, water schemes in similar 
areas. 
 
One direction to cope with this is to construct more, or deeper intakes, or to pump up water. 
Creating deeper intakes however won’t be a durable solution: since the amount of recharge isn’t 
changed, deepening an intake will only increase the yield temporarily. The top layer of the 
groundwater will be ‘scraped’ off, but as time progresses the groundwater level will reach a new 
steady state which is just a  bit deeper than it was before. The total amount of water available to the 
system will hardly change. 
 
The only durable solution is to increase the amount of water that infiltrates into the ground, 
recharging the groundwater. Changing land use patterns and reforestation is often very difficult, 
land is scarce is often used for small scale farming. Furthermore, reforestation takes a long time. 
 
That’s why in 2009 it was decided to start a pilot project to determine if artificial recharge of the 
groundwater could increase the yield of these intakes. There is plenty of rainwater, most of this 
water however is just running off, unused by the local people. So, the idea is to catch this unused 
water and to store it underground. 
 
The mitigating strategy therefore is to increase the infiltration of water artificially: 
• To tap runoff surface water that is now  (unused) flowing out of the catchment. 
• To save this water for the dry season it is infiltrated in the underground (the biggest ‘tank’ that is 

available) where it will boost subsurface groundwater flow. 
• The (artificially recharged) groundwater system will increase the yield of the nearby intakes. 
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5. Pilot 1 

5.1. Original plan 
It is intended to catch runoff water in the field area some 30 meters uphill from intake 2. Along the 
footpath going over the field clear signs of a runoff track can be seen. A diversion trench is created 
that captures a part of this runoff water and leads it to a newly created hillside dam. From this dam 
an outlet pipe releases the water slowly into a filtertrench with a reversed grade sand and gravel 
filter. The water will slowly percolate through the filter and reach a newly dug 5 x 4 metres wide and 
7 m deep infiltration pit where the water can infiltrate and recharge the groundwater, just upstream 
of intake 2. The purpose of the system is to increase the amount of groundwater that intake 2 will 
capture. 
 

 
Figure 19 Schematic cross section of pilot 1 
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Figure 20 Schematic overview map of pilot 1 
 
The sub catchment area of this location is about 100.000 m2. It was decided to design the runoff 
storage for a 120 mm rainfall event. According to the rainfall frequency analysis this event would 
occur every year in a period of a 7 consecutive days. More details on the design of this pilot can be 
found in Shoo & Rolf (2008), Shoo (2009c) and Shoo & Rolf (2009). The construction of the pilot was 
finished in 2011. 
 

5.2. Current situation 

 
Figure 21 Overview of pilot 1 
 
On April 2 a heavy rainfall (59 mm in a few hours) event caused a breach of the dam. The waterlevel 
remained well below the spillway, so the failing of the dam is not caused by water flowing over the 
dam, but by water flowing through the dam (piping). The water probably found a week spot along 
one of the two outlet pipes that go through the dam and flushed away the sediment, causing a large 
hole in the dam (Figure 22). A lot of material has been flushed away from the back side of the dam 
and filter trench. 
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Figure 22 The hole in the dam of pilot 1 
 
The diver datalogger measuring the waterlevel in the dam was measuring every 4 hours and since it’s 
installation in October 2011 it only has 1 reading where it measured water in the dam. This means 
that the dam had filled up only 4 hours until it collapsed. 

0.0

0.3

0.6

0.9

1.2

1.5

1.8

1 
Jan 
2012

8 
Jan 
2012

15 
Jan 
2012

22 
Jan 
2012

29 
Jan 
2012

5 
Feb 
2012

12 
Feb 
2012

19 
Feb 
2012

26 
Feb 
2012

4 
Mar 
2012

11 
Mar 
2012

18 
Mar 
2012

25 
Mar 
2012

1 
Apr 
2012

8 
Apr 
2012

15 
Apr 
2012

22 
Apr 
2012

29 
Apr 
2012

w
at

er
le

ve
l (

m
+d

iv
er

)

0

10

20

30

40

50

60

p
re

c
ip

ita
tio

n
 (

m
m

/d
ay

)

Precipitation (mm/day) Level (m+diver)

 
Figure 23 Measured waterlevel in the reservoir of pilot 1 
 
The sudden emptying of the dam has caused almost all filter material in the filter trench to flush 
away and the infiltration pit has been filled with sediment. Fortunately the newly constructed 
protection wall around intake 2 protected it from being flooded and silted. 
 
Inmeditaly after the dam had collapsed Chamavita and the community started to organise it’s repair. 
They closed the hole in the dam using clay and rocks. The dam needs further repairs, but the rains 
haven’t made it possible to do that yet. After the rains have ceased Chamavita will organise the 
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further restrengthering the dam. The plan is to deepen the spillway and use that material to repair 
the dam. Furthermore clay will be dug out at a site near pilot 2 and transported to pilot 1. Here the 
clay will be used to create a cover on the inside of the dam to prevent piping. Furthermore it is 
advised to plant grass (e.g. Vertifer grass) on the dam sides. 
 

 
Figure 24 Repair works on the dam using rocks and clay 
 

 
Figure 25 The hole in the dam is now closed off by the rocks and clay 
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5.3. How to move forward 
The original situation can be restored. It would however require a lot of labour to dig all the 
sediment out of the infiltration pit and restore the filtertrench. To get a proper graded filterbed it is 
probably also necessary to buy some new riversand as the old and is partly flushed away and mixed 
with other sediment. 
 
Another option is to change the concept and use the pit not only for infiltration, but also for filtering. 
A large part of the sediment in the infiltration pit consists of material originating from the filter 
trench (coarse river sand and gravel) and is therefore quite permeable. Using augering we have 
determined that only the first 30 to 50 cm is very silty, deeper down the sediment is mainly the 
riversand and gravel originating from the filtertrench. Kiyango also noted that the waterlevel in the 
infiltration pit dropped rather quickly after the incident, indicating a good infiltration rate. 
 
The advantage of this option is that it required much less labour (no need to dig out the full filterpit) 
and money (no need to buy and transport new riversand). The only things that have to be done is to 
scoop out the silty top layer in the infiltration pit and to elongate the pipe from the filtertrench to the 
pit. A disadvantage is that the sediment in the filterpit might clog up because of silt in the infiltrated 
water. To reduce this it is advised that once the runoff water has entered the dam it should be left to 
settle for a few days. After this, the valve should be opened carefully to start the infiltration in the 
pit. Possibly the top layer of the pit will still clog, but this silt can be easily removed during the dry 
season 
 

 
Figure 26 Adjusted schematic cross section of pilot 1 (compare with Figure 19). The filter 
trench is left out and replaced by a back-filled infiltration pit. 
 
Because of the lower cost, smaller labour requirement, and the fact that it is a pilot so we don’t know 
how big the effect on the intake will be, we decided to go for this second option. Furthermore, it is a 
‘no regret’ option: it is always possible to dig out the infiltration pit later. The required steps are as 
follows: 
• Further repairs on the dam (by deepening the spillway and use this material to strengthen the 

dam). 
• Apply a clay cover and plant grasses on the inside of the dam for extra protection. 
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• Remove the sediment from the diversion trench. 
• Elongate the pipe (or preferably two small pipes) from the former infiltration trench towards the 

pit and install a gatevalve (protected from unauthorised openening). 
• Create a protection wall around the infiltration pit. 
• Scoop out the top 30 to 50 cm of silty material from the pit. 
• Once the dam is full, the water should settle for some days and thereafter the water should be 

released slowly and controlled (by opening the gatevalve) into the infiltration pit. 
The budget for these works is estimated at TSH 1,531,600 as specified in Appendix 3. 
 
A new piezometer is installed in the infiltration pit so we can monitor the waterlevel in the pit and 
the rate of clogging. 
 

5.4. Effect of the pilot on water availability 
A worrying fact is that there was no water in the dam until the heavy rains of April 2012. Obviously 
the assumptions on the amount of runoff in the upper part of the catchment are not correct. There 
have been rainfall events (e.g. in February and March), but those events did not create enough 
runoff to fill the dam. There may have been a small amount of runoff that has infiltrated right away 
in the bottom of the diversion trench. When this is the case, the dam will only have water after heavy 
rainfall events of -say- more than 25 mm a day. 
 
It is important to check this during future missions. The footpath and shamba up from the diversion 
channel clearly show a lot of signs of runoff. Is there indeed less runoff than anticipated? Is the 
runoff passing the entrance of the diversion channel? Is the runoff infiltration rapidly in the floor of 
the diversion channel? These questions have to be answered during the next stages of the project. 
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6. Pilot 2 

6.1. Original plan 
Pilot 2 is located in a lower part of the catchment at an area where it was always wet and swampy. At 
this site a new intake (intake 11) was constructed in 2011. Furthermore a dam was constructed to 
capture, store and infiltrate runoff, rain and seepage water. The dam was constructed at the location 
of an existing small pool (Figure 12) that clearly showed signs of outflowing (seepage) groundwater. 
The water in the reservoir behind the dam can then slowly infiltrate and recharge the groundwater 
and boost the yield of intake 11. Because the water seeps though the ground the water is filtered in a 
natural way to remove bacteria and viruses. Intake 11 is connected to the existing chamber 2 by a 
new pipeline. The construction of this pilot was finalised in the summer of 2011. 
 
 
 

 
Figure 27 Schematic cross section of pilot 2 
 

6.2. Current situation 
The construction of the new intake and the required trenches for the outlet pipes was very tough. 
The soil was swampy which makes it difficult to dig deep (up to 4 m deep) as it collapses. At many 
places huge boulders blocked the way which had to be broken or dug around to construct the outlet 
pipe trench (Rolf, 2011a). 
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Figure 28 Difficult work in the swampy soil with huge boulders at the outlet pipe trench of 
intake 11 
 
Right after the construction of the dam it started to fill up. Partly by seepage, partly by runoff. The 
dam has been emptied two times because somebody illegally opened the washout pipe and drained 
the dam (a lock will be placed to prevent this in the future). After the dam is drained it starts to fill up 
again by 1 to 2 cm’s per day. This means that about 3,000 liter per day (0,03 l/s) seeps into the dam. 
Particularly during the dry season this is a considerable contribution (almost 20%) of the present 
total dry season yield of the system. Since the beginning of April 2012  the dam is full and is 
constantly overflowing through the spillway. 
 

 
Figure 29 Overview of pilot 2 
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Figure 30 Chart showing the filling and emptying of the reservoir behind the dam of pilot 2 
 
The intake is functioning: water is draining out at a rate between 0.01 and 0.50 l/s. This is less then 
expected. To check why the yield of the intake is so low a trench was dug inbetween the dam and the 
intake. The groundwaterlevel in this area is very high (a few dm below ground level), but the water is 
only draining very slowly into the trench. Even right in front of the dam the water percolates very 
slowly into the trench. The dam holds enough water, but the soils has a too low permeability to let 
the water infiltrate and flow underground towards the intake. 
 

6.3. How to move forward 
At the moment the yield of the new intake 11 is generally less than 0.03 l/s. This is disappointingly 
low. The yield rises to 0.5 l/s during rainfall, but we would like to have an increase in the yield 
especially during dry periods. The reason is the low permeability of the soil. At the same time 
however an estimated 3.000 l/day (0.03 l/s) is lost over the spillway. We therefore want to use the 
water from the reservoir more directly. 
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Figure 31 Outflow of intake 11 (pilot 2) 
 
We want the water that flows into the dam to benefit the Kwemakame water scheme, but before it 
can enter the system it needs to be filtered. Therefore we want to apply the concept of a filtertrench 
(as was planned for pilot 1) at this site. The trench which has already been dug will be filled with 
coarse riversand. The water from the dam will be slowly released in the filtertrench by a small 
perforated pipe. This perforated pipe can be connected to a diversion of the washout pipe so we 
don’t have to make a new pipe through the dam. The budget for these works is estimated at TSH 
789,000 as specified in Appendix 3. 
 
The outflow rate has to be controlled so that the amount of water that flows into the dam more or 
less equals the amount that is infiltrated. 
 

6.4. Effect of the pilot on water availability 
To be determined after the pilot has been fully functional for a number of months. 
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7. Dissemination 

Although the pilots are just finished a start is made with the dissemination of the project and the 
concept of artificial recharge. For the 6th RWSN Rural Water Supply Conference in Kampala, Uganda a 
poster presentation was made on the concept of applying artificial recharge for rural spring water 
systems. During the conference the poster attracted a lot of experts working in the field of rural 
water supply who were very interested in the concept. The poster was even awarded the price for 
best poster of the conference. 
 

 
Figure 32 The award winning poster on the project for the RWSN conference in Kampala 
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Furthermore all reports, measurements and maps are publicly available to everyone on the following 
website: 
http://www.samsamwater.com/projectdata.php?projectid=73 
 
The dataset that has been collected over the last few years is quite unique for a small scale rural 
water supply system. This data is available to anyone who want to use it. We hope that this might 
attract students or other organisations to use this dataset for further analysis and research. We 
would be more than willing to assist in this. 
 
Further dissemination steps will be undertaken once the results of the pilots are more clear. 
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8. Conclusions and recommendations 

8.1. General 
Since the pilots are only recently constructed and still need some adaptations it is too early to 
determine whether or not the pilots increase the water availability in the scheme and whether the 
concept of artificial recharge can solve the problem of depleting water schemes. 
 
Once the pilots are fully functional we can use the measurements to determine if the pilots have 
increased the yields of intakes 2 and 11.  
 

8.2. Pilot 1 
The main challenge at this pilot is that there seems to be too little runoff for a substantial amount of 
water to infiltrate. A major lesson learned is that a better assessment of runoff tracks and volumes is 
essential before deciding on an artificial recharge system. 
 
It is possible to protect the hillside dam to hold water. Be extremely carefull in the construction of 
such dams, particularly since the dam is constructed on a rather steep slope. 
 

8.3. Pilot 2 
The major lesson learned at this pilot is that a swampy area like this does mean that groundwater is 
available, but this doesn’t necessarily mean it is flowing. It is important to use hydrological methods 
to determine the permeability of the soil (e.g. using pumping tests or infiltration tests). In this case 
we have used VES geophysics and shallow augering, but these gave misleading results. The 
permeability is much lower than we estimated from this fieldwork. In fact the swampy location 
seems to be there because groundwater flow is blocked by the low permeability soil. 
 

8.4. Monitoring data and quality 
The quality of the monitoring data has improved a lot since Kiyango is taking the measurements. 
Kiyango has proven to be a serious and motivated data collector. The measurements are of good 
quality and consistence. The occasional errors that occur in the datafile are mainly because of typing 
errors or miscommunication. When checking with Kiyango’s fieldbooks the right values were always 
there. 
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Figure 33 Comparing measurement data in the field 
 
Kiyango has proven to be not only a data collector, but he has grown to be a caretaker of the system. 
He knows what’s going on and helps to fix problems (blockages, leakages, etc.). 
 
In the project agreement is was written that in May 2012 a decision would be made based on the 
quality of the data collection whether or not to continue with the project and data collection. Since 
the quality of the data collection has improved in such a good way, we recommend to continue the 
project and data collection.  
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Figure 34 Manual measurements compared to the data logger measurements. 
 

8.5. Reducing water losses in the piped water system 
Figure 35 shows the waterlevel in the storage tank in Dindira measured by a data logger. The charts 
shows a distinct pattern where the waterlevel rises and drops again. At first we thought the rising 
water level was caused because the people close the outlet valve of the tank to build up pressure in 
the tank. But it seemed that, at least in April 2012 (lower chart), the outlet valve was open all the 
time. We do know that the community opens and closes the outlet valve of the big tank in 
Kwemakame, so possibly the effect that we see here is caused by this, but that is not certain. 
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Figure 35 Measurements of the waterlevel in the storage tank at Dindira. The top chart is 
showing the whole range of measurements since October 2011, the lower chart only the 
measurements in April 2012 
 
Anyhow it is clear that during about 10% of the time water is overflowing at the storage tank in 
Dindira. This is a significant loss and resolving this could be a quick win in the water availability for 
the community. 
 
In Kwemakame village some issues were observed. One of the water points (near the village chief’s 
office) didn’t have a tap valve (Figure 36). So, if there is water available, this tap will continuously flow 
and will drain out the system. Therefore the community rations the water by closing and opening the 
outlet valve of the Kwemakame tank. Still, in this way a lot of water will get lost. 
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Figure 36 A waterpoint in Kwemakame without a tap 
 
When the water was flowing out of this tap, is was no continuous flow, but the water was gushing 
out intermittently and a lot of air and gurgling could be heard. The tank in Kwemakame were this 
water is coming from was nearly full, so why the water wasn’t flowing continuously is not well 
understood. 
 
Another issue is the floating ball valve of the tank in Kwemakame: the valve (either the floating ball 
or the valve itself) is sometimes stuck and although the tank is full, the water keeps flowing in 
causing it to overflow (Figure 37). 
 

 
Figure 37 The storage tank in Kwemakame overflowing 
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It would be good if somebody (for example a PWN-expert) who is specialised in the hydraulics of 
such water schemes (pipes, valves, pressure, storage, demand, etc.) could look into this. Although 
not directly related to the pilots, we think the community can benefit a lot from this. During the 
meeting with the community they raised this issue themselves and they are very well aware that 
there is room for improvement. The community certainly has a role in this, as fixing broken taps and 
lubricating the floating ball valve should be done by themselves, but understanding the complex 
flows, pressures and air(locks) is something were an expert could be of great help. 
 
Understanding the processes and failure mechanism of these systems can be beneficial, not only for 
this system, but for many other rural water schemes were similar issues have been observed (for 
example at Lukozi and Mdawi, Tanzania) 
 
To help understanding the processes a number of Diver data loggers which weren’t (yet) needed for 
the pilots are installed in tanks and reservoirs: 
• Storage tank in Dindira. 
• Storage tank in Kimunyu. 
• Break pressure tank in Kimunyu. 
• Storage tank in Kwemakame. 
• Break pressure tank at the Hambalawei dam in Lukozi (another Chamavita water scheme with 

similar issues). 
 

8.6. Prevent siltation of the intakes and pipes 
Severe rainfall events (like the one at 2 April 2012) cause huge amounts of runoff. At some intakes 
and collection chambers this silt-loaded runoff water flows over the intake/collection chambers and 
causes them to silt up because the lids aren’t watertight.  
 

 
Figure 38 An intake (intake 10) full of silt 
 
Making the lids watertight will be very difficult, but preventing the silty runoff water to flow into the 
chambers can be easily achieved. Either by digging a trench around the chamber to divert the runoff 
water, of by creating a protective rim around the lids to prevent the water from entering the 
chamber. 
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8.7. Regular inspection and maintenance 
The regular measurements for the hydrological monitoring have an additional benefit: anything that 
happens to the system is noticed quickly and can be fixed soon. For example clogging of pipes, 
siltation of chambers, leakages, etc. are noticed quickly by Kiyango who also actively works to 
overcome these issues. Because of this, the system is better maintained and more water is available 
for the community. 
 
It would be wise to continue these regular inspection and maintenance rounds, also if the 
monitoring program is finished. The community could appoint someone (Kiyango would be a very 
good choice) to carry out a monthly inspection round along all intakes an chambers to check if 
everything is all right.  
 

8.8. Keeping a good water quality 
One of the main benefits of this water scheme is that it uses (shallow) groundwater as a source 
instead of surface water. Groundwater is generally free of bacteria and viruses and therefore of 
much higher quality compared to surface water sources. It is however very important to prevent 
contamination of the water in the scheme itself. All intakes, chambers and tanks must be closed 
properly to prevent animals entering the system. Animals can bring parasites and bacteria in the 
water. The lids should always be closed properly and the air vents of tanks should be closed using a 
mesh filter. 
 
Although very difficult to achieve under field conditions, it is critical to carry out works in a 
hygienically safe way. Maintenance and repair works should be carried out in such a way not to 
contaminate the water with bacteria and viruses which can be attached to hand, feet, boots, etc. 
Humane bacteria and viruses are much more likely to cause illnesses to people who drink the water 
than other contaminations. It is therefore very important to work as clean as possible and always try 
to wash hands before working on the inside of the system (pipes, intakes, etc.).  
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Appendix 1 Topographic map with Kwemakame water scheme 
 

 
1:50,000 topographic map sheet 109/2, Tanganyika, 1958 
Directorate of Overseas Surveys 
 
The Dindira catchment is located at 4.727° S, 38.335° E, Kwemakame at 4.726° S, 38.363° E. 
 
This full mapsheet is included in the Google Earth file of this project: 
http://www.samsamwater.com/projects/73/data/Kwemakame_water_scheme_with_maps.kmz 
 

KKKwwweeemmmaaakkkaaammmeee   

DDDiiinnnddd iiirrraaa   cccaaatttccchhhmmmeeennnttt   
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Appendix 2 Geologic map 

    

 

 
The Dindira catchment area is described as (as most of the area): “undifferentiated granulites and 
gneisses” (light orange). The dark orange bands are “distinctive bands given their own colour to 
accentuate the structural pattern”. 
The full geological map (including the legend) is included in the Google Earth file of this project: 

KKKwwweeemmmaaakkkaaammmeee   

DDDiiinnnddd iiirrraaa   cccaaatttccchhhmmmeeennnttt   
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Appendix 3 Layout drawing of the intakes of the Kwemakame water scheme 
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Appendix 4 Digital map of the Kwemakame water scheme 
 

 
 
This is a princtscreen of the 3D Google Earth map of this project which can be downloaded here: 
http://www.samsamwater.com/projects/73/data/Kwemakame_water_scheme_with_maps.kmz 
 
If you have a slow internet conncetion you can download a much smaller version (without the maps) 
from this link: 
http://www.samsamwater.com/projects/73/data/Kwemakame_water_scheme.kmz 
 



 
                                        Mission Report 

 

  Page 44 of 47 

Appendix 5 Budget for the repair works and adaptation of the pilots 
 

PILOT ADAPTATION. REPAIRS, STRENGTHENING

A QTY UNIT UNIT PRICE TOTAL

PILOT 1

1 DIVERSION TRENCH

Remove silt sand in the diversion channel 15 man-day 3,500           52,500                    

2 DAM

2.1 Remove silt in the dam 4 man-days 3,500           14,000                    

2.2 Stones for construction at the entrance to filtration 2 cu.m 4,000           8,000                      

2.3 Construction of entrance structure 2 man-days 3,500           7,000                      

2.4 Dig clay soil near Pilot 2: 25 CU.M 9 man-days 3,500           31,500                    

2.5 Collect stones for wall construction in the dam 15 cu.m 4,000           60,000                    

2.6 Transport clay soil from Pilot 2 to Pilot 1 120 man-days 3,500           420,000                  

2.7 Fill the hole with clay masonry 10 man-days 3,500           35,000                    

2.8 Construction of clay masonry inside of dam-wall 20 man-days 3,500           70,000                    

-                          

3 SPILLWAY -                          

-                          

Digging the spillway to reduce the height 60 cu.m 5,000           300,000                  

Transporting soil to fill the back of the dam 60 man-days 3,500           210,000                  

4 ELONGATION OF PIPE TO INFILTRATION PIT

Plastic pipe,25mm, 30m 30 m 4,000             120,000                  

Bib tap, 25mm 1 7,500             7,500                      

Elbow 8 nos 1,200             9,600                      

Construction of chamber to house the bib tap -                          

cement 1 bag 15,000           15,000                    

-                          

5 CONSTRUCTION OF WALL TO DIVERT RUNOFF AT INFILTRATION PIT -                          

-                          

Cement  2 bags 15,000           30,000                    

sand - available on site -                          

cement blocks 80 blocks 1,200             96,000                    

labour 10 man-days 3,500             35,000                    

6 Scouping 40cm of silt, mad in the infiltration pit 3 man-days 3,500             10,500                    

-                          

1,531,600               
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B PILOT 2

Prepare trench:25m x 0.5m x 1.0m 10 man-days 3,500             35,000                    

Transport riversand from Pilot 1 to Pilot 2: 17.5 cu.m 117 man-days 3,500             409,500                  

Riversand from Mlalo: 5 cu.m 1 30,000           30,000                    

Transport to Dindira: 5 cu.m 1 160,000        160,000                  

-                          

protect the sides of the trench with stones -                          

-                          

stones 4 cu.m 4,000             16,000                    

placing the stones 15 man-days 3,500             52,500                    

-                          

Pipework -                          

-                          

Saddle clamp 160mm 1 no 25,000           25,000                    

Tee - connector, 25mm 1 no 3,500             3,500                      

Pipe, 25mm 10 m 4,000             40,000                    

Labour 5 man-days 3,500             17,500                    

789,000                  

C Fixing the discharge meter on the outlet-side

disconnect the discharge meter 5 man-days 3,500             17,500                    

connect the pipe 5 man-days 3,500             17,500                    

disconnect the pipe on the outlet side 5 man-days 3,500             17,500                    

connect the discharge meter 5 man-days 3,500             17,500                    

70,000                       

D Supervision

1 Supervision on site 2 months 250,000        500,000                  

-                          

2 Quality guidance by Chamavita 2 months 100,000        200,000                  

700,000                     

SUB TOTAL 3,090,600          

E Contingency (15%) 463,590                     

GRAND TOTAL in TSH 3,554,190          

GRAND TOTAL in EURO (rate 14/5/2012) 1,707                  
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Appendix 6 Mission story 
 

Wednesday 2 May 2012 Flight Amsterdam - Kilimanjaro airport, travel to Moshi. 

Thursday 3 May 2012 Bus ride Moshi - Lushoto, discussions with Mr. Mwanjela at Chamavita 
office. 

Friday 4 May 2012 Visit to Dindira. Reconnaissance of pilots, intakes, chambers. 
Measurements, taken out diver data loggers. 

Saturday 5 May 2012 Discussions with Mr. Mwanjela on measurement data March and April, 
discharge meter, etc. Processing diver data and measurements. 

Sunday 6 May 2012 Testing divers and reprogramming. Processing measurements March 
and April. Calculations on pilots. Reporting. 

Monday 7 May 2012 Simon Shoo joins us. Morning meeting on status of the water schemes, 
discussions on progress and way to move forward. Buying equipment for 
cleaning piezometers and installing new ones. Demonstrating diver 
results. Afternoon: measurements in Dindira, de-silting of piezometers, 
augering in infiltration pit, re-installing divers. 

Tuesday 8 May 2012 Elevation measurements (using tube method) in Dindira. Installing new 
piezometer and diver in infiltration pit. 

Wednesday 9 May 2012 Data analysis and reporting. 

Thursday 10 May 2012 Re-installing discharge meter, water quality sampling, E. Coli test 
processing. Checking data with Kiyango's fieldbooks. Visit to Bandi 
system. 

Friday 11 May 2012 Discussions on progress of the work (steps and budget), data analysis, 
water quality tests, report writing,  

Saturday 12 May 2012 Meeting with Kwemakame water committee and the community. 
Explaining progress of works and how to move forward. Visit to 
Kwemakame tank and taps. Report writing. 

Sunday 13 May 2012 - 

Monday 14 May 2012 Meeting with Chamavita members. Discussion on budget and contract. 
Reporting. Diner with Chamavita. 

Tuesday 15 May 2012 Bus ride Lushoto - Moshi. Report writing. 

Wednesday 16 May 2012 Report writing. Flight Kilimanjaro - Amsterdam. 

 
 
 
 
 

 


