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Introduction 
The Kwemakame water system is a rural water scheme located in the Usambara Mountains, Lushoto 
district, Tanga region, in Tanzania. Using several water intakes, shallow groundwater (“springs”) is 
captured in the Dindira mountain catchment. The water is transported by gravity down to the Kwai 
and Kwemakame villages. The scheme has been constructed in 1987-1989. Since then the yields 
decreased, causing water shortages in the dry season.  
 
Chamavita (Chama Cha Maendeleo Vijijini Tanga) is a Tanzanian NGO who facilitates several water 
schemes in the region, including the Kwemakame water scheme. In October 2006 Chamavita and 
SPOT Tanzania took the initiative to finding help to improve the water Kwemakame water supply. 
Upon their request, Aqua for All and PWN initiated this “Village spring water supply research 
project”. 
 
This research project is aimed at finding the reason(s) for the decrease of yields at the Dindira 
springs and finding a solution to improve the water scheme yield. Although the project is focussed 
on researching the Kwemakame Water scheme and its sources in the Dindira ‘Gravity Spring’ 
catchment, the project findings may be of great benefit to similar spring water schemes.  
  
The research started 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 pilot projects were constructed where water is captured, stored and 
filtered by means of water harvesting and artificial groundwater 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.  
 
The project is managed by Chamavita. Funding and technical support is provided from the 
Netherlands by PWN and Aqua for All and since 2012 Aquanet provides additional funds and 
technical assistance to the project. From the beginning of the project Pangani Basin Water Office has 
been fully involved in the participation of the research. The role of Pangani is to assist villages on 
water issues and sustainable water management. 
 
This report summarizes the highlights of the project in findings and results. A full technical report is 
in preparation.  
 

Kwemakame water scheme and Dindira study area 
The village of Kwemakame / Kwai (4.726° S, 38.363° E, 
https://maps.google.com/maps?q=4.726S,38.363E) is located about 19 km Northeast of Lushoto in 
the Usambara Mountains in Tanzania. The village stretches out from the valleys of the Sine river 
(elevation about 1580 m+MASL), up to the hills above the village (elevation about 2100 m+MASL).  
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KKKwwweeemmmaaakkkaaammmeee   

 
The location of Kwemakame and Kwai  
 
The scheme supplies water to the villages of Kwai and Kwemakame, both belonging to Kwai Ward, 
Lushoto District, Tanga Region. The villages comprise 9 sub-villages (or hamlets). The water supply is 
organised through a Kwai/Kwemakame Water Board. Each of the nine sub-villages has a Hamlet 
Water Committee and there are 34 tap committees responsible for the tap points. 
 
The role of CHAMAVITA is to solicit funds for rehabilitation and improvement of the scheme. Since 
2006 CHAMAVITA is involved in facilitating the community in founding a structure for O & M. In 2013 
a special Trust, TARUWAS has been founded to further support the O & M of rural Water Supply 
Schemes in the wider area. 

The study area of Dindira 
The main source for the Kwemakame water scheme is the Dindira catchment area (4.727° S, 38.335° 
E). The overall slope of the Dindira valley is about 
22% in eastern direction. 

 
 
 
 

The Dindira catchment (in yellow) and 
Kwemakame village from a photo (right) and as seen from Kwemakame 
 
Meteorology 
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.  
 
Geology 
The Kwemakame area is located in the Usambaras, a tectonic horst which steeply rises over its 
foreland. Geologically it is made up of Usagaran metamorphites, predominantly consisting of 
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granulites and gneisses. 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.  
 

Vegetation 
The Kwemakame catchment area at Dindira has lost 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.  
 

 
Impression of the Dindira catchment 
 
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 plumb and pear trees. 
In the lower (not-reserved) areas maize and bananas are grown on small plots. 
The long dry spells may have attributed to excessive tree felling (cutting), which of late has rendered 
the then well covered green rich area almost semi-arid. The removal of natural vegetation may be 
one of the main reasons for depletion of water sources. There is not yet an official demarcation of 
water sources areas to be ecologically protected. (no clearing of land, no human activities). 
 

Layout of the water scheme 
The Kwemakame water scheme was constructed between 1987 and 1989 after a cholera outbreak in 
1983.  
 
The basic water captation consists of 10 intakes in the Dindira catchment area. An intake consists of 
a 2 to 4 meters deep underground wall connected to a rectangular chamber.   
 
 

   
Schematic drawing in cross-section (left) and overview (right) of a water intake.  
 
The hydrological functioning of the intakes is relevant for this research. Just upstream of the shallow 
underground wall, plastic drainpipes are placed in a gravel pack which are connected to the intake 
chamber. The wall obstructs the downward flow of the groundwater flowing to the gravel pack and 

outlet pipe 

intake 
with wall 

gravel pack with 
drain pipe 

groundwater 

intake wall 

outlet pipe 

intake 
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gravel pack 
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the drain pipes transport the water toward the intake chamber. In the intake chamber an outlet pipe 
(and an overflow pipe) is connected to transport the water further down. 
 
It is important to note that the intakes are not real spring captations. The intakes in this way just 
block and catch shallow groundwater. In historical years the area must have had flowing water 
springs. Over the decades groundwater levels have dropped due to changed land use and or change 
of rainfall. 
 
The intakes are interconnected through collection chambers and supply to a main Dindira storage 
tank, from where the water is supplied over a main line down to the villages. 
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other 
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Impression of the intake system in the Dindira catchment area 
 
From the main Dindira storage tank the water flows down towards the Kwemakame/Kai sub-villages. 
Along the way there are several break pressure tanks, storage tanks and finally tap points supplying 
the appr. 3000 people.  Before reaching Kwemakame, the system is split up in several branches and 
water is added from another small source (Kidandi). 
 

Hydrology 
The Dindira Valley is bounded by impervious bedrock outcrops. Weathering has developed a shallow 
aquifer of alluvial and colluvial material in the valley centre, consisting of clays, sands, gravels and 
big boulders. The aquifer was surveyed by geophysical profiling and VES soundings. 
 
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 further out overland. 
 
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 large parts of the original 
natural forest in the upper catchment have been cut in favour of farming plots. Hence the amount of 
rainwater infiltration decreased and more runoff water flows out of the area. 
 
Recharge to the shallow groundwater aquifer is low and the groundwater level must have dropped 
considerably in the past decades due to change of landuse (tree cutting) and or change of rainfall 
pattern. 
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Methodology: research to improve the water situation 

Introduction 
As it is for most rural water schemes, there was little information available at the start of the 
research project.  
Right from the start of the project, intensive hydrological monitoring was started on meteorology 
(rainfall, evaporation), groundwater levels and discharges. This monitoring rendered invaluable 
information on the hydrological behaviour of the system.  

 
 
 

During twice yearly expert missions a lot of additional fieldwork 
was done, e.g. geophysical surveys, water quality analysis, infiltration- and conductivity testing. 
Field reconnaissance studies were carried out to understand and map the entire system. All intakes 
and collection chambers were visited, inspected and mapped using a GPS device. 
 
In 2010 we became to understand the hydrology of the Dindira groundwater and conclusions were 
drawn on the way to go forward. 
 
In 2011 - 2012 pilots were designed and constructed and in 2013 the results of the pilots could be 
monitored. 
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Results and the way to improve 

Depletion of the system 
 Over decades, the springs of the Dindira Catchment depleted due to deforestation.  
 There is no proof (yet) that climate change significantly contributed to spring depletion.  
 At the initiation of the scheme (1989) the intakes were constructed with a shallow intake wall. 

These shallow intakes are just ‘scraping off’ the top of the already depleted groundwater system 
and most of the intakes dry up in the dry season.   

 The yield of the intakes decreased over the years since 1989 because the intakes ‘used up’ the 
part of groundwater storage in the aquifer that is flowing on top of the intake walls. 

 
How to improve? 
The major conclusion of the research is that there has been a lack of groundwater recharge over the 
years. A 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. 
Nevertheless re-forestation is still a good solution on the long run 
 
The key to improvement is to infiltrate more water into the underground.  
The scientific term is to create more ‘groundwater recharge’, when this is done artificially, it is called 
Artificial Recharge.  
 
In 2009 it was decided to start a pilot project to determine if we can increase the intake yield by 
artificial recharge of groundwater. Particularly since large volumes of rainwater are running off 
overland, unutilized for the water scheme. So, the idea is to catch this unused water and to store it 
underground. 

Artificial recharge to improve the water supply 
The mitigating strategy therefore is to increase the infiltration of water artificially: 
 To harvest rainwater that is now flowing out of the catchment (runoff water). 
 In order to save this water for the dry season it is infiltrated in the underground (the biggest 

available ‘tank’) where it will boost underground groundwater, the source of the water intakes. 
 The (artificially recharged) groundwater system increases the dry season yield of the intakes. 

Pilot rainwater harvesting and artificial recharge 
Pilot design 
At some distance above the highest intake (intake nr.2) a diversion trench is created that captures 
runoff water. The water flows through the trench to a newly constructed hillside dam, where the 
water is temporarily stored. From this dam an outlet pipe releases the water slowly into a 5 x 3 
metres wide and 7 m deep infiltration pit where the water can infiltrate and recharge the 
groundwater, upstream of intake 2. The purpose of the system is to increase the amount of 
groundwater that is slowly flowing to intake 2 and thus is boosting the yield of that intake. 
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Schematic cross section of the pilot. 
 
 

 
 
 
 

Rocks, catching the flow of runoff water (left) and the diversion channel leading the water to 
the reservoir 
 
 
 

infiltration pit  
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Left: hillside dam under construction 
Right: Hillside dam and reservoir for 
temporary storage of runoff water. 
The entrance of the water is on the 
back and  the outlet construction to 
the infiltration pit is in the centre-left 
of the reservoir 
 

 
 
 
  
 
 
  
 

The water from the reservoir is infiltrating 
down in the underground, partly through the reservoir bottom and by releasing the water 
into the 3 x5 x 7m (B x W x Depth) infiltration pit picture left: pit under construction and right:  
release of water on top of the pit backfilled by river sands 
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The infiltrated water is boosting the underground water and flows slowly downward to intake 
nr2 (picture), increasing its yield in the dry season.  
 
 
The construction of the pilot was finished in 2011. Unfortunately the original dam collapsed in April 
2012 during the first heavy rain shower. The dam was repaired and re-enforced in the summer of 
2012.  
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Effect of the pilot on water availability 
The first fillings of the dam with rainwater were observed in December 2012. Up to May 2013 a total 
12 fillings occurred. In stead of leading the water to the infiltration pit, most of the water infiltrated 
already through the bottom of the reservoir within some days. The total amount of infiltration is 
estimated at 1.2 million litres in that rain season. This amount of water is added to the groundwater 
that is flowing slowly down to intake nr.2. This effectively has lead to a significant increase of water 

during the dry season. 
 

 
Harvesting runoff rainwater (left) and filling of the 
reservoir (right). The water infiltrates into the underground in 4 days 
 
Another measure may have had a positive effect as well.  
During the rain season the outlet of some of the intakes have been closed. This was done to prevent 
overflows in collection chambers and storage tanks. Closing of intakes causes additional storage 
which is back-held in the groundwater aquifer. So, closing of intakes actually is a good way of 
(ground)water conservation that can be used later in the dry season.  
 
Both the pilot and the water conservation had a very positive effect on the water availability in the 
2013 dry season. 
The people from Kwemakame/Kwai noticed that there has been considerably more water. Even in 
the last dry months there was water all day long, which (acc. to the village leaders) has not been the 
case for many years. The general feeling is that this was because of the project. Some village leaders 
stated:  
 
“We don’t know exactly what you’ve been doing up there in Dindira, but it helped a lot. We didn’t 
experience having so much  
water for many years. Even in the last dry months we had water all day long”. 
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The positive effect of the project shows also from the monitored yield (see table).  
 

year month yield (l/sec)
2009 Oktober 0.15
2010 November 0.42
2011 September 0.31
2012 November 0.25

average before the project: 0.28
2013 November 0.68

Observed yield of the Dindira Water 
Catchment at the end of the dry season

 
 
The water demand of Kwai/Kwemakame is estimated in between 0.87 l/sec (25l/pp per day for 3000 
people) and 1.1 l/sec including animal watering. The other (small) Kidandi source supplies 0.15 l/sec 
in the dry season. The table shows how the dry season yield of the Dindira scheme usually dropped 
to an average 0.28 l/sec. As result of the project, the dry season yield in 2013 has increased to almost 
0,70 l/sec. During a recent visit (29/10/2014) the dry season yield was still high, even close to 0.90 
l/sec. Thus we conclude that the improved Water Scheme can supply the Kwemakame/Kwai water 
demand.  
The challenge now is to keep the supply sustainable by organised cost recovery and proper 
operation and maintenance. 
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Conclusions and recommendations 

 Rainwater harvesting and infiltration by artificial recharge can significantly improve the 
water supply 

 Water conservation by closing intakes during the rain season adds positive effects as well. 
 Proper maintenance and operation is a serious and first requirement for sustainability 
 It is important to fully involve the community from the very beginning 
 Both the community, Chamavita and Pangani Basin Water were deeply involved in this project 

and gained a lot of new knowledge on how to improve the ‘spring’ water catchment system. They 
are eager to replicate and upscale the concept to similar water schemes. 

 

Challenges and lessons learned 
 
Village O&M 
Just as for any water scheme, proper operation and maintenance is essential for a sustainable water 
supply.  
 
Silts 
Silts are a serious issue. Silts are settling in the runoff storage reservoir. Over time they need to be 
taken out. Best strategy would be to prevent silts by upstream erosion control. Next best is to find 
business opportunities for re-use of silts (tree nursery, re-use on farming plots). 
 
Expertise 
Understanding the processes and failure mechanism beforehand is a requirement when replicating 
the concept in similar schemes. Understanding the groundwater system and its behaviour over the 
seasons. Develop design rules for the required distance between recharge location and the intake 
(water capitation). 
 
Know your runoff 
The major finding at this pilot is that there is substantially more runoff that could be harvested and 
infiltrated. Lesson learned is that a better assessment of runoff tracks and volumes is essential 
before deciding on the recharge location. Know your runoff in the early project stage! 
 
Monitoring 
Technical monitoring (yields, rainfall, evaporation, groundwater levels) is required to understanding 
the system and to prove the effectiveness of the project. It is rather difficult to manage extensive 
hydrological monitoring without experts on the ground, who are continuously analysing and 
checking the quality of the data collection. 
 
Earth dam construction 
It is possible to construct low cost hillside earth dams. Though, extreme care and supervision is 
required, particularly when the dam is constructed on a steep slope (22% at Dindira). 
 
Water quality 
Water quality analysis shows that the water is clean, typically recent rainwater quality. However 
some intakes are prone to pollution by agricultural activities, indicated by raised Nitrate contents. 
Protection of the intakes and recharge facility must be addressed. It is advised to demarcate the 
wider water sources area to be the area where human activities should be strictly prohibited. 
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Dissemination 
The basics of the project are explained in a poster (‘MVUA BOMBANI’, both in English and Kiswahili). 
The poster is available at Chamavita office in Lushoto (Chamavita@yahoo.com). 
 

 

 


