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1. INTRODUCTION 
The Kwemakame gravity water schemes is a rural water scheme located in the Usambara Mountains, 
about 19 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 Kwai and Kwemakame villages by 
pipes 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 October 2006 Chamavita, Aqua 
for All and with help of PWN have started the “Village spring water supply research project” (Aqua for 
All project nr. S06041). Since last year Aquanet supports the project (Aquanet project nr. 11016). 
 
This research project is aimed at finding the reasons of, and a solution for the decrease of yields of 
the springs. To investigate this, the project is focussed on researching the Kwemakame Water 
scheme and its sources in the Dindira ‘Gravity Spring’ catchment. 
 
The research started in October 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 where 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 and Aqua for All. PWN 
provides technical assistance to the project. Since 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. 
 
As part of the project a short mission (2013–I) was conducted between 2 and 17 March 2013 by 
Harry Rolf Aquanet/PWN. The objectives of this mission are: 

 To determine the functioning and outcomes of the two pilots. 
 To further analyse the hydrological monitoring data. 
 To start up dissemination activities 
 To discuss how to proceed with the pilots and monitoring. 

 
The project was cooperation between Mr. H. Mwanjela of Chamavita, Mr. S. Shoo, principal 
technician, hydrogeology of PBWO (Pangani Basin Water Office), Mr. Kiango, data collector, Mr. 
Yahaya, village technician and Mr Harry Rolf of Aquanet/PWN. This report describes the activities and 
findings of the mission. A short mission story is included in appendix 1.
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2. MISSION FINDINGS PILOT 1 
 
Pilot 1 is harvesting runoff water in the upper part of the catchment (A). The runoff water is lead to a 
reservoir by a diversion channel (B). From the reservoir (C) the water is infiltrated into an infiltration 
pit (E), replenishing the groundwater in front of an existing water intake (intake nr.2) (F). 
 
 

 
 
 
2.1. Diversion channel 
Some adaptations were made on the channel: 
-   At the entrance of the diversion channel the downward bank has been raised, so that the runoff 
water cannot flow over from the channel. 
-   After small runoff events the water stayed behind in the compartments of the diversion channel. 
In order to let the water flow to the reservoir more easily, the sands/silts inside the diversion 
channel were not removed.  
 
Inside the diversion channel the sediment is a mixture of sands (coarse and fines) and fine silts. The 
idea came up to use this mixture for water treatment at pilot nr.2. In order to decide if this is 
feasible, the sand was tested on hydraulic conductivity. The surprising result was 10 m/day! We will 
be using this sand for the changed concept (slow sand filter) of pilot 2 (see below, pilot2). 
Two dugouts were made across the channel, one at the entrance and another further down. (Photos 
are lost with my stolen camera) It was interesting to discover that the sand is evenly distributed over 
the profile. In the dugout further down we could see specific zones of organic material, deposited on 
top of the sand fillings from last year, when the channel was not yet filled up with sand. Only the 
very first deposit (from April last year) deposited silts on the floor of the channel. Obviously the 
settling process is similar as the Kitui sand dams: due to turbulence of the water almost all the silts 
are suspended. They just flow with the water over the barriers inside the diversion to the reservoir. 
The sand particles drop down in the channel. In this way, the channel has captured around 20 m3 of 
sand since April last year. 
The diversion channel was designed to lead the water to the dam, but also as the first silt trap. It 
turns out that it does not trap silts but sands. 
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2.2. The reservoir 
The spillway on the North side has been lowered. The reason is that the diversion channel seemed to 
be lower than the spillway, thus once the dam would be full, the water could flow back to the 
diversion channel instead of to the spillway. The maximum volume is now around 420 m3. 
The diver in the reservoir (positioned in the reservoir outlet) has been collected on March 5. and 
replaced on March 7.  
 
The protection of the dam is very well done. It holds perfectly!! (It did cost some more money, “maar 
dan heb je ook wat”) The inside is protected by masonry with clay and the top and backside of the 
dam are now covered with vegetation. This vegetation will give additional support to the dam. 
 

 
Pilot 1 hillside dam masonry protection 
 
 
 
On Thursday March 7 we were extremely lucky!! Just upon arrival in the field a big rainstorm started 
and we saw how runoff started to run along the diversion channel, first slowly and than very fast. 
We saw how the reservoir was filled up from 0.65 to 1.63m in half an hour!  
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Runoff water flowing over the shamba 
 

 
Wtaer flowing over the diversion channel to the reservoir 
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Water filling the dam (inflow from the channel is on the left, the flow on the right is from 
bedrock 
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After half an hour the reservoir filled up to 1,83m , Kiango and Shoo trying to put back the 
diver 

.  
 
Halfway the rainstorm one of these bedrock streams started to flow into the backside of the 
reservoir. 
 
Major water streams were seen flowing over the Northern bedrock, most of this water is running off 
to the catchment further down from pilot 1. Kwa sababu there is more water available for 
underground storage.  
 

 
Major runoff streams over bedrock. Note: must of these flows are down from pilot 1, running 
over or recharging downward parts of the catchment. 
 
The incoming water from the diversion channel contains a lot of silt, particularly coming from the 
shamba above. Silting up of the reservoir is a major challenge. At present the dam has already 10-18 
cm (20 m3!) of silt.  After some years the silts need to be removed from the reservoir. The best way 
to minimize the siltation would be to (kindly) re-allocate the farmer of the shamba at the entrance 
point of the diversion channel and to plant the area with grasses to prevent erosion. 
Pm wouldn’t it be great if the silts could be beneficially used by the Dindira people, starting some 
kind of business activity? 
 
The diver was put (or rather: thrown) back in the reservoir just after the rain storm. So far, since 
December there were 8 runoff fillings in the reservoir.  A total volume of 879 m3 (corrected for 
evaporation) has so far been harvested and infiltrated into the groundwater aquifer. 
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Monitoring of reservoir fillings Pilot 1 (diverlogger and hand readings). Two events were not 
registered by the diver being at the office to be read out. The last event, March 7 rain storm is 
also not yet in the diver readings.   
 
Coming back 2 days after the rain storm, the level in the reservoir had dropped 1 meter, so a lot of 
water has percolated down, even while there is already quite some silt in the dam. Still the water is 
percolating. The monitoring shows that it takes around 5 days for the water to percolate in the 
reservoir bottom. The infiltration rate is calculated at 0.2 m/day (after the Jan 6 filling). This rate will 
decrease over time, when the reservoir gets more silt. This is already shown by the diver data: the 
infiltration rate already decreased to 0,15 m/day after the filling of Feb 21, see appendix 2. Over 
time, as the bottom of the reservoir clogs up it will be more and more necessary to use the 
infiltration pit. 
 
During this mission we started to operate the infiltration system by releasing water into the 
infiltration pit. The water from the reservoir and from the infiltration pit both contribute to the 
aquifer where intakes 2 and maybe 1 get their water from. 
The operation of the reservoir and the pit was discussed. After a filling, the water in the reservoir 
must settle during at least one day. Subsequently the release to the pit can be opened at a capacity 
such that the pit is not overflowing. 
 
2.3. The infiltration pit 
The pit is unintentionally filled with sands that were flushed in after the collapse of the pilot 1 dam in 
April 2012.  
 
Two ¾” pipes are constructed from the reservoir outlet, they come together at a gate valve and from 
there the water is lead to a perforated pipe on top of the sands inside the pit. For opening of the 
valve a special handle is required. 
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Water release to the infiltration pit  
 
A piezometer is constructed inside the pit, to monitor the infiltration. Probably this is not deep 
enough since the filter is in the vadose zone. The diverlogger inside the piezometer was stolen, but 
recently replaced by another one. Unfortunately we don’t have a piezometer down in the bottom of 
the pit to monitor the effect of the infiltration on the saturated groundwater level (and the time 
delay between the infiltration and the reaction of the groundwater level).  
After the March 7 reservoir filling was left two days to settle, we started to release water to the 
infiltration pit. It is working very well. A diver was put on the floor of the pit, measuring the water 
level over time. 
 
The pit was filled with around 50 cm of water in 1.5 hour.  The Infiltration capacity of the pit is 
calculated at 0.6 m/day (appendix 2). This is for unsaturated infiltration.  
A typical dam filling is 140 m3. It would take 16 days to infiltrate this volume in the pit. However at 
the moment most of the water is still percolating down into the bottom of the reservoir. 
 
A suggestion is given for a minor adaptation of the pit and he rock barrier in front of it, as follows:  
There was just a very tiny layer of silts on top of the pit. We suggest to dig out some decimetres from 
the top of the pit and make the bottom of the pit a bit skewed. Then, the silts might flow to the low 
side where the can be collected easily, while the main part of the pit keeps a good infiltration 
capacity. 
Sand (first river sand and next sand from the pit) can be put on the inflow side of the rock barrier 
just in front of the pit, where an additional small ¾” pipe will be connected to the release. Water can 
be released through this pipe on the upstream of the barrier. It will be filtered in the barrier and 
flow into the pit. In this way water can be released from the reservoir, even when the reservoir water 
is still silted. This is a precaution for the case that the release to the pit would be open while at the 
same moment the dam is filling with silted water. 
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2.4. Intake 2 (30 m below the pilot 1 infiltration pit) 
Piezometers are read with a new electric dipper, donated by PWN. The (hidden) diver next to 
piezometers 2A is recovered, read out and re-installed. 
Water samples and indicative EC, pH, NO2 and NO3 were taken of the water from intake nr2. Sample 
will be analysed on macro chemicals at PWN Water Laboratory. 
 
The infiltrated water in the pit and from the reservoir will slowly reach to the saturated groundwater 
and flow out, mainly towards intake nr. 2. The monitoring of the intake (both in yield and 
groundwater level) will be continued in the coming (10) months. This will show how much and how 
fast the yield will increase by the ‘artificially recharged’ water at pilot 1. 
 
2.5. Pilot 1 effectivity 
So far, during this rain season 879 m3 of water has been infiltrated in pilot 1. We expect that over 
the years an average volume of 971 m3 (St dev 744) can be infiltrated and added to the source. This 
estimate is the result of runoff model calculations, see chapter 4. 
 
Although 971 m3 is a lot of water (almost 50.000 buckets) it is less than expected.   
The water is now stored in the aquifer and is slowly flowing to intake nr.2 . The speed is depending 
on the hydraulics of the groundwater aquifer. It would be ideal if the travel time delay is so that the 
water will become available in the dry season.  
For example:  
 the total present yield of the last 4 months of the dry season (August – November) was 3700 m3 

in 2012. An additional yield of 971 m3 would be very beneficial (25% more water). 
 Dry season yield is in the order of 0,25 l/sec, 22 m3/day. In comparison, 971 m3 is 45 days of the 

present dry season yield.  
 
The final effect of the pilot recharge in terms of water increase must become clear in the coming 
months. 
The monitoring will reveal how much and how fast the intake yields will actually increase. A part of 
the infiltrated water will pass intake nr.2 and will flow down to other intakes. Some water will be lost 
to additional evapotranspiration by deep rooting trees. A Dutch company, Artesia Water Research 
has been contacted. They are so kind to make some complimentary indicative groundwater model 
calculations to predict the groundwater flow (and the delay) from the infiltration to the intake. 
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MISSION FINDINGS Pilot nr.2 
 
The pilot consists of the new intake nr.11 and a valley dam collecting seepage and runoff water in a 
reservoir. 
The baseflow of the new intake nr.11 is disappointingly low. After rains however the yield of the 
intake increases very fast. How can this be explained?  
And how can the seepage water to the reservoir benefit the water scheme?  
 
 
3.1. The reservoir 
The reservoir receives permanent groundwater seepage (also in the dry season). This clear seepage 
water is now flowing out over to the spillway, unutilized for the water scheme.  
The seepage into the reservoir is considerable. It is at least 3300 litre per day, even in the dry season. 
This is confirmed by the rising of the water level after another incident in June 2012, when the 
reservoir dam was (accidentally) emptied (see graph). The seepage rate will even be higher when the 
water level of the reservoir is drawn down. 
 

level reservoir1

0

20

40

60

80

100

120

15-Jan-12 04-Feb-12 24-Feb-12 15-Mar-12 04-Apr-12 24-Apr-12 14-May-12 03-Jun-12 23-Jun-12 13-Jul-12

reservoir level pilot nr.1

0,02 m/day
(3300 l/day)

 
Recorded rise of water level in the pilot 2 reservoir after emptying. 
 
The top of the staff gauge (reading up to 100cm) is 6 cm below the water level. So the reservoir 
overflow level is 106 cm.   From the readings we see that overflow starts somewhere at..90 on the 
staff.. It may also be that the decline above this level is caused by increase of  seepage through the 
dam.  
After the March 7 rain storm the overflow from the reservoir increased considerably during some 
hours. The water quality of the reservoir however did not change much and the reservoir water was 
still very clear. This shows the importance of a good vegetation cover upstream of a dam: the water 
in pilot 1 was very silty because of a lack of vegetation at the shamba, while the water in pilot 2 
remained clear due to a good vegetation cover on the upstream slopes. 
 
We want to use the seepage water from the reservoir directly for the water scheme. To this end the 
water must be treated to safe drinking water. In November 2011 we thought that the easiest way 
would be to release the water in a sand-filled trench leading to intake 11. 
 
A cross trench has been dug along the foot of the dam to receive the water from a perforated pipe.   
From the washout pipe a small ½” pipe is going down, passing a gate valve to the perforated pipe on 
the bottom of the cross trench. Opening of the valve needs a special handle. 
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small dia pipe taking water from the pilot 2 reservoir washout pipe to the cross trench in 
front of the dam 
 
From the cross trench a small trench (the ‘release trench’) goes 24 m down to intake 11. This trench 
was originally filled with silt-free sands. The (river) sands (brought in from Mlalo) were accidently 
flushed away when the washout pipe was opened by a newly appointed village operator. The 
Kwemakame/Kwai village leaders promised to bring new river sand. Unfortunately, though 
promised, no new sand has been put in yet. It was said that the roads are too slippery for trucks to 
bring the sand. The problem is discussed again in the village meeting and it was promised (again) 
that the sand will come soon (kesho, tomorrow). 
 
This mission we reconsidered the concept. The ‘release’ trench was meant for treatment of the 
reservoir water. Fine sand would serve this purpose better than coarse sands. On the other hand it 
must have sufficient hydraulic conductivity to transport the water to the intake without overflowing. 
We came with the idea to fill the trench with the fine low-silty sands that are trapped in the diversion 
channel pilot nr.1.. 
 
A conductivity test was set up, putting the pilot 1 sand in a 4” pipe. First, the pipe was saturated with 
water during 2 days. Than we tested how much water can flow through, counting 100ml cups over 
time. The result of this test is a conductivity of 10 m/day, which is unexpectedly high. Effective 
porosity is estimated at 20% 
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Conductivity test on pilot 1 sands in a 4”pipe 
 
At the end of the release trench, the water infiltrates (in the leftover river sands) in front of intake 
nr.11. 
We considered that precautions should be taken that the water from the trench is actually sinking 
down to the gravel pack in front of intake nr.11. It should not overflow the dam wall. To test this, a 
dugout was made in front of the intake wall, to let the water percolate down to the gravel pack more 
easily. We released water from the reservoir to test how much water it can take without overflowing. 
The results are good, still we had to reduce the flow and the spillway was still flowing over. The area 
in front of the intake dam can thus not take all the seepage water. 
 
Hydraulic calculations are made how much water can flow through the trench, assuming a hydraulic 
conductivity of 8 m/day (conservatively assuming the pilot 1 sand)1, and a max flow of 4000 litre per 
dag. This is not feasible: a  6 x 1 x 24 m (depth x width x length) trench would be required to 
transport the water. This is much more than the present trench cross section and this amount of 
sand (144 m3) is not available. So, the use of sand from the diversion channel is out of the question. 
 
The same calculation is made in case of using the river sands (as originally planned). This requires 60 
m3 of river sands (assumed at 20 m/day conductivity). This is 12 trucks, which is far beyond the 
amount of sand promised by the village. 
 
3.2. Slow sand filter 
We came up with an alternative: why not split the two functions (treatment vs. transport) and treat 
the water in a slow sand filter (SSF) and use a pipe to further transport the water to the intake? And 
can the sand from the diversion channel pilot 1 be used beneficially for this? 
  
We designed an SSF at a design flow of 4000 l/day and sand permeability in between 1 and 10m/day. 
Further details given in appendix 4. We came up with a 4 m2 filter surface, 1 m sand depth at a 
typical flow rate of around 0,2 m3/m2/hr. The sand from pilot nr.1 will do perfectly and the treated 
water can be transported to the intake just by a pipe. We accepted this alternative for treating and 
supplying safe (!) water from the reservoir. The filter sand is readily available and Chamavita and 
Village fundis will get experienced in the O&M of such SSFilters. This alternative will make it easier 
for the village to bring in the river sand. Two such trucks (10 m3) are still required for several 
purposes. 

                                                         
1 For calculations, see mission march calculations….xls 
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A further design is made in the field. We selected the location to be a 3,5 x 1,5 m (5,25 m2) SSF. The 
SSF will be just behind the dam. The concept is drawn below. 

 
Pilot 2 Slow Sand Filter concept 
 
Chamavita came up with a budget for the construction of the SSF, to be discussed with the donors. 
 
3.3. Other pilot 2 issues 
 
Reservoir vegetation 
Inside the reservoir, vegetation is growing fast (reeds and floating grasses). This is not considered to 
be a problem. It may even be advantageous for the water quality and reduction of evaporation? 
 
Source protection 
Protection of the water source might not be acceptable since some people are getting water from it.  
We discussed this, but according to Mwanjela this shouldn’t be a problem. The pilot must be fenced 
out by thorny bushes, so that no human activities can take place. 
Water sample was taken and indicative pH EC NO2 NO3 were measured. No serious nitrates/nitrites 
Ec =  … 
 
Divers 
The (hidden) diver next to well nr.3 is recovered and re-installed after reading the data. Additional 
diver is installed in the reservoir, recording the water level.  
 
Functioning of intake 11 
Although baseflow yield is low, we see a fast reaction of the yield on rainfall. Another finding is that 
the water is very silty when the yield is high. 
After rains the yield is high and a week later the yield decreases to a minimum, see graphs.. 
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Well nr.3, recording groundwater level upstream intake nr.11. Fast reaction on rainfall. 
 

Intake nr.11 reaction on rainfall
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Intake 11 yield, fast reaction on rainfall 
 
At first we didn’t understand this. We know that the catchment upstream of the intake contains a lot 
of clay. Where does the (fast) recharge come from?  
In the field we discovered how it works: the piezometers show a fast reaction on rain and we could 
see how the release trench starts draining shallow groundwater. There must be a shallow aquifer on 
top of the clays that is recharged very fast during rains. This water flows out to intake 11 and the 
yield increases. But after sometime the shallow aquifer is empty and falls dry and the yield 
decreases to a low baseflow volume. 
 

 
functioning of shallow aquifer upstream of intake nr.11 
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Silts from intake 11 
After the rains the high yield of the intake contains a lot of suspended silt. 
In the dugout that was made just in front of the intake water was released and we saw that the 
downward flow created holes in the sands on top of the gravel pack . Obviously the gravel pack 
around the receiving drain is just covered by fine soil. This soil flushes out when the flow to the 
intake increases. This should have been a graded gravel pack: coarse gravel down, and topped by 
finer gravel, river sand and than soil just on the top.  
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4. RUNOFF ANALYSIS  
 
The runoff events so far measured from the pilot 1 reservoir fillings are summarized in the table.  
 
summary of runoff events Pilot 1
catchment area = 100,1 km2
year date rainfall 

(mm) 1)

filling of 
reservoir 
(m3)

runoff 
depth 
(mm)

% of 

rainfall
2012 Apr 2 59 303 3.0240 5.1% (previous season)
2012 Dec 12 41 35 0.3496 0.9%
2012 Dec 29 35.5 37 0.3671 1.0%
2013 Jan 5 14 86 0.8565 6.1%
2013 Jan 6 56 159 1.5906 2.8%
2013 Feb 15 21 33 0.3321 1.6%
2013 Feb-21 20 149 1.4858 7.4%
2013 March 6 53 114 1.1362 2.1%
2013 March 7 55 284 2.8317 5.1%

Total filling rain season 2012-2013 896 avg: 3.6%
Total infiltration (min Evaporation) 879
1) the rainfall is maesured one day later at Dindira met station  
 
A runoff-rainfall relation is analysed from these dam fillings so far. We know the catchment area 
above the pilot 1 reservoir and we know how much water has flown into the reservoir and the 
amount of (daily) rainfall is known from the Dindira project meteo station. The analysis is elaborated 
in appendix 3. 
Although there are just a few measurements and daily rainfall is a weak indicator for runoff events, a 
relation was found, see graph. 
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SCS type of runoff relation for the upped Dindira catchment 
 
This model is applied to the historical rainfall data series of the Lushoto (Met) rainfall station, 
assuming that the Lushoto rainfall is not significantly different from the Dindira rainfall. 
 
The result of this simulation gives a first indication on how much water may be expected to fill the 
pilot reservoir over the years. 
Assuming a normal distribution, the average filling is 971 m3 (stdev 744) in one rain season (taken 
from June to June). The variance is high. There may be seasons where the filling exceeds 3000 m3 
but there can also be dry years, like 2001-2002 where the filling is just 104 m3. According to the 
Lushoto station data, daily rainfall in that season was never more than 30 mm.  
 
Remark: the runoff in percentage of rainfall is lower than expected. The pilot 1 catchment area is 
around 100.000 m2, thus a runoff of e.g. 58 m3 at 35 mm rainfall  is only 1,6% of the areal rainfall. 
This is low when compared to  (Mul, 2009) in her South Pare Mountains research, saying that about 4 
% of the rainfall is estimated to runoff overland during small rainfall events (of say 10 mm daily).  
Maybe our catchment assessment is not correct and there is another runoff outlet along the 
Northern outcrop of the bedrock that is not flowing to the dam?  
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5. WATER BALANCE  
 
A water balance is calculated from the project monitoring data march 2007 – march 2013. For 
details, see appendix 5. 
 
  

 
 
The water balance calculations lead to a final result as follows 
 
AverageWater balance Dindira Catchment 

m3/year * 1000 mm/day assumptions
Rainfall 290 2,27 from Dindira rain station
Evapotranspiration from soil area 1) 216 - 228 2,7 - 2,9 assumed range Emax 3,3-3,7 
Evapotranspiration from outcrop 2) 29 0,6 1,0 for rain days, else 0,5 mm/day
Runoff 3 applying pilot 1  runoff model
Netto Groundwater recharge 29-  43
abstraction 19 total from all intakes
seepage outflow 1 from pilot 2 reservoir spillway
groundwater outflow 9-21 in fact UNKNOWN
1)  the total catchment area is 350.000 m2
1) of which the soil, non-outcrop area is215.000 m2 
2) the outcrop area is 135.000 m2  
 
It clearly shows the dominance of rainfall and evapotranspiration. In the calculations 
evapotranspiration is calibrated in conjunction with groundwater outflow. This relation appears to 
be very sensitive.  
Evapotranspiration in assumed to be changing between an Emax value and 2/3 of this value, 
depending on the soil moisture conditions. For the outcrop area a fixed evapotranspiration of 1,0 
mm/day was assumed for days with rain and 0,5 mm/day for days without rain. The excess water is 
either flowing out as runoff or is recharging the vegetated (soil) area.  
 
For the runoff we applied the (SCS) runoff model of the upper, pilot1 part of the catchment. Total 
average yearly runoff is calculated at 3000 m3. Compared to the (average expected) 971 m3 runoff in 
the upper catchment (collected in the pilot 1 reservoir), we see that there is much more runoff water 
that could be ‘harvested’. The runoff in the lower area could even be more because of its land use 
that is for say 50% agricultural.  
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We have to conclude that the water balance is a just a first impression of the actual water budget 
terms. An important term is the groundwater outflow: how much groundwater is still flowing away, 
not being abstracted by the Dindira intakes? The uncertainty is just too high to quantify this, so it is 
given as ‘unknown’. 
 
Evapotranspiration is just below 3 mm/day, with Emax in the order or 3,3 – 3,7 mm/day. Any Emax 
value larger than 3,85 mm/day is leading to a negative Water Balance.   
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6. OTHER ISSUES 
 
6.1. Divers from the water tanks 
Diver loggers were placed in all the storage tanks (Sander de Haas, Kiango, may 2012). The meters 
were collected, read out and re-placed in December 2012 (Kiango, Kees Kempenaar). The diver of the 
Kimunyu tank was stolen. All divers are read out and placed back during this mission. A new diver 
was placed in the Kimunyu tank. 
 
From these divers we can calculate dynamic water balances that will be useful to assess the 
operation of the scheme, the overflows or even the loss of water. 
There was no time to analyse the data from the water tanks yet. A first view shows that there are still 
overflows at times. 
 
At most tanks, gauzes on the air vents were missing. New (fibre) gauzes are connected on the air 
vents. 
 
The Ntambwe tank has a floating ball valve. This is working properly 
 
The floating ball valve inside the Kwemakame tank is not yet repaired. 
 
The missing tap valve at the Kwemakame village stand post (Sander de Haas may 2012) next to the 
village office was repaired. 
 
6.2. The water meter 
The ongoing problems with the water meter at the main Dindira storage tank can only be explained 
by the fact that the flow is low and the water meters that were tried so far cannot measure these low 
flows. A new low-flow meter (TD8, SN 2,5, ¾”, piston flow meter ‘ringkolbenzahler’) is donated by 
PWN. The new meter is installed in the 4” incoming pipe to the main Dindira storage tank. 

 
New ¾  piston Water Meter  in the 4” supply pipe. 
 
It was not easy for Mwanjela and Yahaya (the excellent Kwemakame fundi) to get the right 
connections to reduce from the 4” Ductile pipe to the small diameter of the PWN mita. 
The meter was fixed and it ran perfectly. (Everybody happy!!??).  
However, It turned out that the last chamber was overflowing considerably (35% overflow). We 
thought that the extra pressure loss due to the new small meter was too much and the pipe cannot 
take the full yield (which is presently 2,5 m3/hr). The Dutch hydraulic didn’t do the job properly?  
According to the meter specs the pressure loss due to the meter is 0,6 bar (6 meter). The extra 
pressure due to the reduction from”4” to ¾” is just 2 m (assuming laminar flow). So the total 
additional pressure is 8 m. Without the meter, the 2,5 m3/hr flow through a 4” pipe the hydraulic 
gradient is only 4cm over 300m! The difference in altitude between the tank and the last chamber is 
around 30 m. So, 29.6 (30 – 4cm) is still available for additional pressure losses! So there shouldn’t 
have been overflow!? 
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The meter was taken out and the other Dutch ‘bovenloper’ meter was re-fixed. The Fundi (Mr. 
Yahaya) said that he noticed a blockage when opening the gate valve from the chamber. This may 
have been the cause of the overflow. Mwanjela will test the after the mission.  
Pm: 
The day after the mission Mwanjela  went back and succeeded: the chamber had a major blockage! 
The new meter is re-fixed and is running now without overflow. .A strainer was fixed on the supply 
pipe of the chamber, see appendix 6.. 
 
Note: 
 calculations show that the pipe with this meter may still not be able to take the water without 
overflow at peak flows. In normal years the peak yields are measured at 1,5 – 2 l/sec. In 2010 even a 
peak was measured at 2,4 l/sec (8,6 m3/hr). In that case the last chamber will most certainly 
overflow with this water meter. Apart from the meter the village should consider anyway to close 
some of the intakes (and store groundwater) during those of top yields.  
 
The new meter has a small inside strainer, so clogging of the meter needs to be addressed. A 
strainer on the supply pipe from the last chamber (chamber 5) is suggested (this has been done just 
after the mission). After 3 days of running, the small gauze inside the meter was partly clogged, say 
for 10 %, by tiny pieces of organic material (photos were lost). The fine silts pass the meter. 
 
As before, the ‘bovenloper’ meter that was temporarily fixed in the pipe did nor run at all. We tested 
if there was an airlock inside the meter, this was not the case. So, obviously that meter just doesn’t 
run at low flows like 2,5 m3/hr. 
 
6.2. Water quality and source protection 
Nitrate pollution is indicated (below WHO standard) particularly from the intakes which are close to 
shamba's (in particular intakes 8, 9 and 10). It is not known whether there is also pollution from 
chemical fertilizers or pesticides (this is not tested). Nitrate pollution can also come from cattle dung 
or human faecal (latrines). 
The pilot 2 reservoir and the water coming from intake 2 do not show elevated nitrates. Nevertheless 
both pilot areas need to be protected. 
 

 
Protection of spring water intakes, inner and extended protection zones  
Source: Spring Catchment, Meuli and Wehrle, SKAT 2001.  
 
To avoid pollution, water source protection needs to be addressed: 
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 Within an area of at least 10 m (the ‘inner protection area, see figure) there should not be 
any human activities and preferably no deep rooting trees and no runoff water.  

 These area must be fenced e.g. by thorny bushes  or barbed wire. 
 At least the pilot 2 area needs to be fenced this way. 
 The pilot 2 reservoir is an open drinking water source! No human activities must be allowed 

(cloth washing, playing children,….) 
 No chemicals should be used, at least not close to water intakes. This goes as well for the 

shamba just above pilot 1, since the topsoil is flushing to the pilot 1 reservoir. 
 The problem of having intakes in agricultural areas is a point of attention. Tree planting (not 

deep rooting) might be a good idea. 
 A general protection could be applied to the reserved area on the whole. 
 There are still air vent pipes on top water tanks lacking mosquito gauzes. 
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7. DISSEMINATION 
A flyer/brochure will be produced for regional dissemination. In a team session we forced ourselves 
to tell the story “what is this project all about” in ‘mama language’. The story was put on flipover 
papers in drawings and Kiswahili key words (appendix 7). To test it, Mwanjela presented it to the 
Chamavita secretary. She was requested to reflect assertively, which she did. The draft was adapted 
according her remarks. 
Later on, Mr Mwanjela told the story (“mvua bombani”) with passion in the village meeting. There 
was a positive reaction from the meeting. 
 
We agreed that the final text will be ready by  April.  Mwanjela contacted a  ‘drawing artist’ in Lushoto 
who may be able make the drawings. This man, Mr. Geoffrey Matthew came to the office. He 
understood our ‘mvua ardhini’ message and he presented example drawings the next day. His first 
drawings were looking good, but still need refinement. 
 

 
Figure @  example of first draft for Flyer/brochure 
  
For scientific dissemination the project will be presented at the International Seminar on Managed 
Artificial Recharge, ISMAR-8 in Beijing, October 2013. 
 
Further we discussed and agreed who we will contact whom for further dissemination. Ideas have 
been suggested and agreed (see appendix 8).  
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8.  FINANCES  
 Confidential 
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9. CONCLUSIONS AND RECOMMANDATIONS 
 
Pilot 1 
The pilot is functioning successfully. We proved that it is feasible to catch runoff water and to 
recharge groundwater artificially. Good work was done on the protection of the dam after the 
collapse of last year.  
 
During this rain season so far 880.000 litres of water are harvested and added to the water source. 
There is yet more water expected to come; the Masika rain season just started. 
Calculations show that a volume of 970.000 litres may be expected on average over the years, with 
great deviations in each particular year.  
 
The final effect of the pilot recharge in terms of water increase must become clear in the coming 
months. The recharged groundwater is now travelling towards the intake, delayed by the slow 
groundwater system.. Hopefully the yield will increase particularly in the dry season. Continued 
monitoring during the full coming dry season must reveal how much and how fast the intake yields 
will actually increase.  
 
To give a first impression of the effectivity: 970.000 litres divided over a 4 months dry season would 
be an increase of 25% of the present dry season yield.   
  
Although most of the water is presently percolating down from the bottom of the reservoir, the 
infiltration pit is tested successfully. Over time the dam will clog up and the infiltration pit can be 
used more frequently. 
 
In stead of trapping silts, the diversion channel is catching sand. These sands can be used 
beneficially at pilot 2. The clay silts are collected in the dam. The infiltration pit receives only a 
minimum amount of silts. 
 
Challenges Pilot 1: 
 Although 970 m3 is a lot of water, more runoff was expected. 
 It is yet not known how much and how slow the yields will benefit from the artificially recharged 

water. The coming months monitoring will answer this crucial question.    
 Apart from the upper  pilot 1 area , there is more runoff flowing out, further down in the 

catchment, unutilized for the water scheme. 
 The silts in the runoff water are mainly from the shamba just above the inlet point. The mere 

existence of this shamba is a challenge, not only the erosion but also potential source for 
pollution. Re-allocation over the farmer should be considered. 

 Over time (years) the silts need to be cleaned out from the reservoir. There still is a lot of volume 
available in the dam. Presently the thickness of the silt is 15cm (20 m3 already). 

 The infiltration pit needs some small adaptations to improve the infiltration capacity and to 
prevent unintentional clogging. 

 
 
Pilot 2 
After the difficult construction of the new intake (nr.11), the results were disappointing. The yield 
drops back to only 0,01 l/sec (864 l/day) in the dry season. We came to the understanding that the 
aquifer is blocked by impervious clay. Geophysical filed investigations have been misleading here. 
There is just a very shallow aquifer on top of the clay that is recharged very quickly during rain 
showers. The yield reacts very fast on this recharge and after some weeks it drops back almost to 
baseflow, when this shallow aquifer falls dry. 
 
Due to the same cause (the clays), the pilot 2 reservoir just uphill from intake 11 reveals a 
continuous groundwater seepage of at least 3300 l/day. This water is presently overflowing to the 
spillway. 
 



 
                                        Mission Report Spring water Chamavita 2013-I 

 
  Page 26 of 50 

We want to make sure that this clean water can be used for the water scheme. Although the water is 
clean, it is not safe for drinking. So, treatment is required. Initially we planned to construct a trench 
filled with sand and to release the water from the reservoir through this cleaning filter trench flowing 
to intake 11. A small trench was dug last year, filled with silt-free river sand. However, due to an 
incident,  the trench was overflown by washout water and the filter sands were flushed away. The 
village leaders accepted their responsibility for this incident and promised that new sand will be 
supplied. During the mission they promised again to bring new river sand. 
 
In order to supply at least 3300 l/day (we design for 4000 l/day) we calculated that the size of the 
filtertrench must be larger. Too much river sands would be required and still there would be a risk of 
contamination or overflows.  
 
An alternative is found and accepted. We will treat the water in a slow sand filter (SSF) and supply 
safe water through a pipe directly to the intake chamber. The SSF is designed at 3 x 1,5 x 1 m 
(LxBxH). The fine sands from Pilot 1 can be used beneficially as filter sand. River sands are still 
required for the SSF gravel pack and others small constructions. (Conf) 
 
When the construction of the SSF is completed successfully, we expect to supply at least 4164 l/day 
safe drinking water from intake 11, even in the dry season. This will increase the present dry season 
supply of the Kwemakame water scheme by 20%. 
 
Challenges pilot 2: 
 Construction of the slow sand filter and request for additional budget. 
 Take care that the SSF is well protected from vandalizing (children will like it) or water from any 

dam breakings. 
 Proper operation of the SSF needs attention. 
 The gravel pack in front of the intake wall is undersized and causes silty water after rains. River 

sand could be added on top of the gravel pack to prevent. 
 
Water Quality 
Nitrate pollution is indicated (below WHO standard) particularly from the intakes which are close to 
shamba's (in particular intakes 8, 9 and 10). It is not known whether there is also pollution from 
chemical fertilizers or pesticides. 
 
To avoid pollution, water source protection needs to be addressed by physical protection and 
banning of chemical fertilizers. 
   
Dissemination 
We discussed intensively how to ‘spread the word’ about this project by the end of this year and in 
2014. Preparations are started up in several directions: 
1. A flyer/brochure is being prepared in simple language. First drafts are ready and a ‘drawing 

artist’ is requested to make test drawings. Mr Shoo and Mwanjela will finalize the text before the 
end of April. The flyer will be ready in October 2013.  

2. Several suggestions are discussed on to how and who can be contacted to ‘tell the story’. 
Chamavita and PBWO will follow up on this. 

3. The final technical report will be send to major water organisations and it will become available 
on the internet. A final draft will be ready in October. 

4. A paper will be presented at the scientific conference ISMAR-8 (Beijing) September this year 
5. The production of a video is considered. This would be an intensive job which needs to be 

discussed with the donors. 
   

Other 
We are close to a solution for the water meter at the Dindira main tank. The new water meter, 
donated by PWN Water Supply is running very well. There was a challenge; after fixing the meter 
there was an overflow from the last chamber. This was not caused by the meter, but by a sand 
blockage of the supply pipe inside the tank. To prevent clogging of the meter, a strainer was fixed on 
the supply pipe in the last chamber. 
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The quality of the monitoring data is good. The young data collector Kiango is doing an excellent 
job. After the project he should be in a position to continue this kind of work. He is a smart and 
attentive young guy and can be of great benefit for the future operation and maintenance of the 
water scheme as a village technician and or as technician for the Water Service Company. 
 
We will request Aquanet to continue the monitoring over the full upcoming dry season (9 month in 
2013 in stead of the planned 6 months. 
 
O&M is a serious point of attention. There are still losses from the scheme such as overflowing tanks 
at night, leaking valves and tanks. Maintenance needs to be addressed more seriously. Nobody 
wants the gains of this project to be lost to overflowing tanks. The new Water service Company 
must play in leading role here. 
 
Apart from the physical outcomes, this project brings a lot of new knowledge to Chamavita as well 
as to the village fundi's. Also the Dutch experts are learning a lot. The negatives of the project are 
important lessons learned as well.



 
                                        Mission Report Spring water Chamavita 2013-I 

 
  Page 28 of 50 

References 
 
C. Meuli and K.Wehrle. Spring Catchment. SKAT, Switzerland, 2001 
 
Haas, S.A. de, PWN and SamSamWater. Artificial recharge at Kwemakame spring water intakes, 
Usambara Mountains, Tanzania, Mission report 2 May 2012 – 16 May 2012, July 2012 

J.Boonstra, ILRI 1994. Estimating peak runoff rates. In: HP Ritzema, Drainage Principals and 
Applications. International Institute for Land Reclamation and Improvement, Wageningen, pp. 111-
144. 

M.L.Mul, 2009. Understanding hydrological processes in an ungauged catchment in sub-Saharan 
Africa. Dissertation Delft Universitu of Technology and UNESCO-IHE Institute for Water Education, 
CRC Prewss/Balkema, ISBN 978-0-415-54956-1. 



 
                                        Mission Report Spring water Chamavita 2013-I 

 
  Page 29 of 50 

 

 

 

 

 

     Appendices 



 
                                        Mission Report Spring water Chamavita 2013-I 

 
  Page 30 of 50 

APPENDIX 1 Mission story 
 

Saturday 2 March  Flight Amsterdam - Kilimanjaro airport, travel to Moshi. 

Sunday 3 March  Bus ride Moshi - Lushoto, 

Monday 4 March  discussions with Mr. Mwanjela at Chamavita office on programme time 
table and project finances  

Tuesday 5 March  Field work at Dindira many issues on pilots and divers 

Wednesday 6 March  Teamwork on final report concepts. Processing diver data 

Thursday 7 March  Fieldwork Dindrira catchment. Perfect timing!! We watched the runoff 
coming at pilot 1 and saw how the reservoir was filled !! 
RE-installing divers; installing the water meter; investigations on pilot 2. 

Friday 8 March  Teamwork preparing a project flyer ín ‘mama’ language 

Saturday 9 March  Fieldwork Dindira testing pilot 2 , Start infiltration from pilot 1 reservoir, 
fixing the water meter  

Sunday 10 March  Day off 

Monday 11 March  Project finances with Mwanjela, February monitoring data. Processing 
Diver data discussion on source protection. Design for Slow sand filter 
pilot nr.2 

Tuesday 12 March  Fieldwork Dindira, dugout diversion channel pilot1. Field design SSF 
pilot nr.2.  
Kwemakame/Kwai village meeting  

Wednesday 13 March Report writing. Checking conclusions with Mwanjela   
Presenting Flyer concept to Mr.Matthew. Runoff analysis 
Water Balance 

Thursday 14 March  Chamavita Bard meeting 
Project finances 
Diner with Chamavita members at Kaka Kuona 

Friday 15 March  Fasaha Bus Lushoto – Moshi (mountain Inn hotel) 

Saturday 16 March  Various Analyses and Reporting. Diner with Chamavita. 

Sunday 17 March  Various Analyses and Reporting. Flight Kilimanjaro - Amsterdam. 

Monday 18 March  Arrival Amsterdam 
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Appendix 2  Calculation of infiltration rates 
 
 
Reservoir Pilot 1 
 
Filling and percolation Jan 6 – 10, 2013 
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after Jan 6 filling   
drop down 80 cm in  4 days (lineair 
part) 0.2 m/day 
   
(later use the Green &Ampt formula accounting for the water depth and wettting zone 
to explain the non-lineair parts) 

 
 
Filling and percolation Feb  21 – 27, 2013 
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after Feb 21 filling   
drop down 58 cm in 4 days (lineair part) 0.145 m/day 
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Infiltration pit 
 
Rate of infiltration in infiltration pit pilot 1 
We released water from the dam 2 days after major runoff filling. Diver was put on the top of the pit 
floor. 
 
Results of the water depth over time 
(Pm: not yet corrected for baro) 
 

water depth on infiltration pit pilot nr.1
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 We could analyze this by the Green& Ampt piston flow model but first it is done roughly here for the 
linear part 
 
As follows: 
 
let's analyse quickly.          
infiltration rate is  0.025 m/hr        
  0.6 m/day This is for unsaturated (vadose) infiltration   
    because of entrapped air K = 0.5 * Ksat (Bouwer 2002) 
    so the rate is typically for fine sands or loamy coarse sands (Ksat = 1,2m
Thus, in the 3 x 5 m pit we can infiltrate        
  9 m3/day        
a typical reservoir 
filling is  140 m3        

it  takes  16 days 

to infiltrate the 
whole reservoir 
volume      

Which is ok as such          
           
in 2 month time we can         
Infiltrate  8400 m3        
           
(When available)          
At present most of the water is percolating in the bottom of the reservoir     
.           

 
So a reservoir filling of 140m3 can be released in 16 days. But presently the percolation from the 
reservoir is large and the water percolates in the bottom in just 5 days. 
 
But still, 
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when there is another runoff meanwhile releasing water to the pit, the release pipe to the pit is still 
open, this would bring additional silts on top of the pit. This will be difficult to operate, since the rain 
storm come quickly and there might be no time to close the release gatevalve at the pit. 
Moreover we don’t know how the pit infiltration would be I there were no sands (and silts!) flushed 
into the pit at the collapse of the dam April 2012. 
 
So we consider and agree on the following: 
1) Let’s remove 50 cm from the top of the pit sands and make the bottom a bit skewed. 
2) Put the sands on the upstream side of the rock barrier protection close to the pit 
2a) It would even be a good idea to make also the barrier a bit skewed, so that the silts will flush to 
the lower end of the barrier. 
3) have an (one!) additional small 32 release pipe (maybe ¾”) just in front of the barrier 
4) one day after a runoff filling this the gate valve to this extra pipe may be opened permanently, the 
water will flow and be filtered in the barrier and enters the pit. Even when there is an unexpected 
runoff to the reservoir, the silty water will not be directly released in the pit. 
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Appendix 3  Runoff – Rainfall relation and simulation 
 
Pm calculations can be found in Stored volume runoff analysis and water balance…..xls 
 
From the pilot 1 dam fillings so far (March 2013) and the project rainfall data from Dindira we can 
assess the relation between runoff and rainfall. 
Once we ‘know’ this relation we can simulate the runoff model to the Lushoto Met rainfall series 
1975 – December 2012. 
 
Runoff events at pilot 1 for this season so far (up to March 8 2013) are given in table below 
 
summary of runoff events Pilot 1
catchment area = 0,1 km2
year date rainfall 

(mm) 1)

filling of 
reservoir 
(m3)

runoff 
depth 
(mm)

% of 

rainfall
2012 Apr 2 59 303 3.0240 5.1% (previous season)
2012 Dec 12 41 35 0.3496 0.9%
2012 Dec 29 35.5 37 0.3671 1.0%
2013 Jan 5 14 86 0.8565 6.1%
2013 Jan 6 56 159 1.5906 2.8%
2013 Feb 15 21 33 0.3321 1.6%
2013 Feb-21 20 149 1.4858 7.4%
2013 March 6 53 114 1.1362 2.1%
2013 March 7 55 284 2.8317 5.1%

Total filling  2012-march 2013 896 avg: 3.6%
Total infiltration (min Evaporation) 879
1) the rainfall is measured one day later at Dindira met station

l ti b t ff t
 

 
Based on a sub-catchment area of 100.000 m2 (from digitized topographic maps) runoff varies 
between 1 and 7% of the rainfall depth. 
 
For the runoff relation it is important to know the start: at what rainfall runoff starts? 
We just have daily total rainfalls from the Dindira project met station (from April 2008 –now 
Runoff is triggered by rain storms and the intensity is very important. Daily rainfall is just a rough 
indicator for this. 
 
When we analyze the daily rainfall on days with or without runoff (just for the period after the pilot1 
dam was finished, April 2011) the result is: 
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Rain days w ith and without runoff
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From the graph we see that runoff starts somewhere in between 10 and 45mm.  
There was runoff in days with rainfall 10-15mm, but there were also days with 40-45 mm without 
runoff. This clearly shows how much runoff is depending on the rainfall intensity. There can be 
runoff after an extreme 14 mm rain storm of very short duration, but a ‘manyunyu’ 40 mm day with 
rainfall spread over the day with no runoff is possible as well. 
Rain storms can be very local. The Dindira station is situated lower than pilot1, thus it may 
underestimate the rainfalls of the higher pilot 1 sub-catchment. 
We have not seen any reservoir fillings after rainfalls less than 10 mm. Though there may have been 
unaccounted small runoffs to the diversion trench. 
 
(pm a rainfall recording instrument would give much more relevant information) 
 
After trying several linear models we come up with a model more or less following the SCS formula 
(J.Boonstra,1994 and SCS, 1972)  
The curve number method (j.Boonstra ILRI) 

developed bySoil Conservation Service, 1964; 1972 

Soil Conservation Service 1972. National Engineering handbook, Section 4. Hydrology. Department of Agriculture, Washington 

Boonstra, J . 1994. Estimating peak runoff rates. In: 

Ritzema, HP Drainage Principles and Applications. International Institute for Land Reclamation 

and Improvement/ILRI, Wageningen, pp. 111–144 
 
SCS formula: 
 
R = (P - 0,2S)^2 / (P + 0,8S)   for P> 0,2S 
 
with: 
P = accumulated rainfall depth (mm) 
R = accumulated runoff depth (mm) 
S = potential maximum retention (mm) 
 

 
The model is calibrated so that the total runoff fits with the total fillings in the pilot 1 reservoir up to 
March 2013. 
We had to change a bit on the catchment area. The model is fitting much better on a smaller 
catchment area? The following model fits best: 
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P = 25.0 x (P-19)2  / (P+76) 
For P > 19 mm 
 
With  
P = total runoff (m3) 
The model assumes runoff at days with Dindira rainfall beyond 19 mm 
 

Rainfall-Runoff relation (SCS approach)

0

100

200

300

400

500

600

700

800

900

1000

0 20 40 60 80 100
rainfall depth (mm)

ru
n

o
ff

 (
m

3)

runoff (filling of reservoir) (m3)

SCS model

No runoff rains

 
 
The relation is weak and there are just a few, quite scattered measurements. 
Still, when we take this model as the truth we can apply it to the Dindira rainfall data 2007 – March 
2013, simulating the runoffs in previous years. 
 
The relation is also applied to the longer rainfall series of the Lushoto met station (1975 – December 
2012). (see file Lushoto met rain 1975-2012). For this we assume that he Lushoto rainfall , although 
at lower altitude, is not significantly different from Dindira.  
 
The results are : 
 

total yearly runoff  simulated (SCS model) by  Lushoto Met rainfall and Dindira project rainfall )
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The resulting total runoffs (from June – June) are  very variable. 
Assuming normal distribution (though it may be lognormal distributed), the average total runoff is 
971 m3 (standard deviation 744) 
 
Since it is based on just a few measurements and the Dindira rainfall is an uncertain indicator, the 
results of this analysis is rather uncertain. 
 
The result of this simulation gives a first indication on how much water may be expected to fill the 
pilot reservoir over the years. The variance is high. There may be seasons where the filling exceeds 
3000 m3 but there can also be dry years, like 2001-2002 where the filling is just 104 m3. According to 
the Lushoto station data, daily rainfall in that season was never more than 30 mm.  
 
When we compare the results to the findings of M.Mul saying 
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. 
 
rainfal 

depth 

(mm)

runoff 

depth`(m

m)

% of 

rainfall
19 0.00 0.0%
22 0.02 0.1%
24 0.06 0.3%
25 0.09 0.4%
30 0.29 1.0%
35 0.58 1.6%
40 0.95 2.4%
50 1.90 3.8%
70 4.45 6.4%

100 9.31 9.3%  
 
The runoff percentage at 100 mm daily rainfall in our model (9,3%) compares well to the Mul,2009 
findings. The pilot 1 area gets however less runoff during small rainfall events. 
 
There are some doubts on the pilot 1 catchment area, estimated from topo maps. It may be that 
there is another outlet of runoff water just at the foot of the outcrop rock on the North side? 



 
                                        Mission Report Spring water Chamavita 2013-I 

 
  Page 38 of 50 

Appendix 4 Slow Sand filter design 
 
Pm Most calculations can be found in Mission March Calculations…..xls 
 
SSF design     
In the table below, variants for the design are calculated. Starting point is that the filter must be able 
 to supply 4m3/day 
A typical vertical flow fro SSF is 0.2 m3/m2.hr (4,8 m/day). Huisman: 0,1 - 0,4.   
The flow may be less but not much higher. 
The thickness of the sand layer will not be less than 1meter 
The top of the filter must be wet (saturated) at alle times to let the bacteria do its work. 
The target (silty)sand is from the diversion channel pilot1(trapped during runoff). 
A sample was tested at 10 m/day permeability (k) 
But we cannot exclude that k will be lower because we took just one sample.  
And the top of the filter will clog by silt deposit. 
So what are the risks? (see table)  
When the k value is low like 1m/day al\t least 4m2 surface is required.(pressure head=0) 
In that case we would choose the filtersand thicknes at 1meter,to minimize the sand volume 
When the k-value is high, like 10 m/day, the risk is that the specific flow can be too high be too high 
but the flow can just be reduced by closing the get valve so, that the pressure head is raised to.. 
Our design is a 4 x 1m filter,sand thichness 1m  
What will be the result?    
in case of k=10:    

(1) when operated for a 4m3/day flow, the pressure head must be raised to 0.9 m  
to assure that water is still on top 

     for lower flows the pressure head can be raised more 
     
Since we have no more information on the actual k-value this 4x1 is the best choice. 
Assuming that k>1 the filter can produce the design yield of 4 m3/day at a specific flow rate  
less than 4.8 m/day 
 
lower head D (m) k (m/day) q (m/day surface (m2sand volumTotal Q (m3/hr

0.0 2 1 1.00 4.0 8.0 4
0.5 2 1 0.75 5.3 10.6 4
0.0 1.5 1 1.00 4.0 6.0 4
0.5 1.5 1 0.67 6.0 9.0 4
0.0 1 1 1.00 4.0 4.0 4
0.5 1 1 0.50 8.0 8.0 4
0.0 2 5 5.00 0.8 1.6 4
0.5 2 5 3.75 1.1 2.2 4
0.0 1 5 5.00 0.8 0.8 4
0.5 1 5 2.50 1.6 1.6 4
0.0 2 10 10.00 0.4 0.8 4
0.5 2 10 7.50 0.5 1.1 4
0.0 1 10 10.00 0.4 0.4 4
0.5 1 10 5.00 0.8 0.8 4
0.6 1 10 4.80 0.8 0.8 4
0.9 1 10 1.00 4.0 4.0 (1)

 
 
In the field we adjusted the design to a 3,5 x 1,5 m surface (5,2 m2) SSF surface 
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Appendix 5      Dindira Water balance 
 
Water balance  
A water balance is calculated from the project monitoring data march 2007 – march 2013. 
 
Water balance terms are  

 
 
For the water balance calculations (see file stored volume runoff and water balance…..xls) 
assumptions had to be made: 
 

 outcrop area  135000 m2  
 non-outcrop area  215000 m2  

 max evapotranspiration (calibrated) 3.5 mm/day 
(to be calibrated 

) 

 
minimum evapotranspiration (2/3 of 
Emax) 2.333333333 mm/day  

 evapo(transpi)ration from bedrock 1 mm/day (when rain), else 0,5 

 gw outflow (calibrated)  57 m3/day 
(to be calibrated 

) 
 factor gw outflow (x yield ch5) 0 (not used)  
    nr of days 1854  

 
The balance is calibrated, optimizing on the stability of the groundwater storage over the … years 
period. This is done by the linear trend line that must be horizontal, see graph below (dotted line). 
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An example(variant A)  of average yearly water balance for the whole catchment area (350.000m2, 
up to intake nr.11) is as follows: 
  
Water balance Dindira Catchment (variantA)

m3/year remarks
Rainfall 290,049 1)
Evapotranspiration from soil area 215,678 2)
Evapotranspiration from outcrop 29,501 3)
Runoff 3,046 4)
Groundwater recharge 41,824
abstraction 19,493 5)
seepage outflow 1,095 6)
groundwater outflow 20,805 7)
TOTAL IN 290,049
TOTAL OUT 289,618
storage increase 431  

1) Rainfall assumed uniform over the area, according to the Dindira rainfall station 
2) Calibrated evapotranspiration: 3,5 mm/day for wet soil conditions (Emax) , assumed to 

reduce to 2/3 (2,33  mm/day) in dry periods (Emin),  
3) For the outcrop area (135.000m2) we assumed E is 1,0 mm/day on rain days and 0,5 mm/day 

on non-rain days. 
4) It was assumed that the runoff model of pilot 1 area is valid for the whole area 
5) This is the total abstraction from all the intakes 
6) Seepage outflow from the reservoir/pond at the pilot 2 location 
7) Extremely uncertain!! Calibrated in conjunction with evapotranspiration   

  
The balance clearly shows the dominance of rainfall and evapotranspiration. In the calculations 
evapotranspiration is calibrated in conjunction with groundwater outflow. The evapotranspiration 
rate is assumed to be linearly related to soil moisture condition. For dry periods we assumed that 
the evapotranspiration drops back to 2/3 of the evapotranspiration in wet soil conditions . The 2/3 is 
according to Min/Max ratio of the potential evapotranspiration in the LocClim database. We 
assumed that the total yield from the system is a good measure of the soil moisture condition.  
Evapotranspiration from the outcrop area will be much less than from the vegetated soil area. For 
the outcrop area an evapotranspiration of 1,0 mm/day was assumed for days with rain and 0,5 
mm/day for days without rain. The excess water is either flowing out as runoff or is recharging the 
vegetated area.  
 
The calculated amount of groundwater outflow is extremely uncertain and very much related to the 
assumed evapotranspiration. This is shown in the table below. 
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Water Balance Alternatives
(dependancy evapotranspiration - groundwater outflow) 

A B C D
Emax  (mm/day) 3.00 3.50 3.85 4.00
Emin  (mm/day) 2.00 2.33 2.57 2.67
Groundwater outflow (m3/year) 52,195 20,805 0 -9,490  
 
Assuming an evapotranspiration Emax (case B) of 3,5 mm/day, Emin  is automatically 2,33 (3/4) and 
the balance is stable when groundwater outflow is set to 57 m3/day. In case of E = 3,85  (case C) 
there is no groundwater flow and any evapotranspiration higher than 3,85 would even lead to a 
negative groundwater flow, which is hydrogeologically not possible. 
According to various sources (e.g. LocClim and Mul) potential evaporation is expected in the order of 
3 – 5 mm/day.   
According to the water balance Emax is less than 3,85 (there surely will be some positive 
groundwater outflow). So, Emax in the order of 3,5 mm/day seems a reasonable estimate (but still 
uncertain). The calculated groundwater outflow is extremely uncertain, highly depending on the 
assumed evapotranspiration. 
  
Of course also the other assumptions have their uncertainty: the assumed evaporation from 
bedrock, the catchment area surface (from maps), the runoff model and the assumed uniform 
precipitation. 
 
For the runoff we applied the (SCS) runoff model of the upper, pilot1 part of the catchment. Total 
runoff is calculated at 3046 m3 . Compared to the (average expected) 971 m3 runoff in the upper 
catchment (collected in the pilot 1 reservoir), we see that there is much more runoff water that could 
be ‘harvested’. The runoff in the lower area could even be more because of the land use that is for 
say 50% agricultural.  
 
We have to conclude that the water balance is a just a first impression of the actual water budget 
terms. An important term is the groundwater outflow: how much groundwater is still flowing away, 
not being abstracted by the Dindira intakes? The uncertainty is just too high to quantify this.  
 
 The Water balance is presented in order of magnitude as follows: 
 
The balance has been calculated for Emax around 3,5 mm/day in a range of 3,3 – 3,7 mm/day, 
leading to the following final result. 
AverageWater balance Dindira Catchment 

m3/year * 1000 mm/day assumptions
Rainfall 290 2,27 from Dindira rain station
Evapotranspiration from soil area 1) 216 - 228 2,7 - 2,9 assumed range Emax 3,3-3,7 
Evapotranspiration from outcrop 2) 29 0,6 1,0 for rain days, else 0,5 mm/day
Runoff 3 applying pilot 1  runoff model
Netto Groundwater recharge 29-  43
abstraction 19 total from all intakes
seepage outflow 1 from pilot 2 reservoir spillway
groundwater outflow 9-21 in fact UNKNOWN
1)  the total catchment area is 350.000 m2
1) of which the soil, non-outcrop area is215.000 m2 
2) the outcrop area is 135.000 m2  
 



 
                                        Mission Report Spring water Chamavita 2013-I 

 
  Page 43 of 50 

Appendix 6  Mwanjela’s action on water meter 
 
The new water meter caused overflow in the last chamber. We suspected that this was not 
caused by the meter but rather by a blockage in the last chamber. One day after the mission 
Mwanjela went back to Dindira. This is his report.   
 

 
The dirt which was inside the pipeline – caused overflow 

 
Cleaning chamber 5 through washing out  

   
Unblocking reducer near chamber 5  wire gauze (surrounded by gravel)on outlet of 
chambe r 5  
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The new miter is in place. So far now overflow. Be happy 
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APPENDIX 7  First drafts for Flyer / Brochure 
 
 
 
 
 

Explaining the ‘project  story 
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Appendix 8  Dissemination actions 
 
 
Look for a forum (and make contacts) to present the concepts of the project, e.g.: 
(to be contacted by Simon Shoo) 

 DWE ‘s of Tanga 
 Tanzanian Association of Water Suppliers (ATAWAS) 
 Pangani Basin Water Office? 

 
Aanvullen uit aantekeningen 
 
Ask Dick Bouman A4All, DHV (Joe…?), Vitens 
 
Make a flyer in ‘mama words’ in Kiswahili and English and send/bring the flyer to the attention of 
NGO’s, Rural Village water supplies. This is taken up in the mission. A draft is completed and Mr. 
Geoffrey Matthew will be requested to finalize it to nice simple drawings. (budget required). 
The text for the flyer will be completed and communicated by Mwanjela and Simon Shoo, ultimately 
end of April (2013). 
  
(contacts through Camavita) 

 Losaa KIA trustee (Hai district) 
 Uroki Bomang’ombe (Hai) 
 Uchira WUA (Moshi Rural) 
 Kili Water Ltd  
 Other Water Supply Companies (e.g. Morogwe 
 Rungwa-Kyela project 
 Makonde Plateau 
 Tanangozi Water Service Company 
 

Also lay contacts to the Germans supporting the establishment of new Water Service Copmany 
Facility (details?) 
 
The final technical project report. Make the report available on the internet (SamSamwater, ….) and 
send it (Harry/Sander) actively to known organisations (e.g. Simavi, AMREF, RWSN, WASH partners, 
NIA,….) 
 
Make the dataset available on the internet e.g. for hydrology studies (Sander) 
 
Present findings on scientific conferences and discuss the opportunities and lessons learned 
(e.g. RWSN conference 2012 and ISMAR8 in Beijing 2013). Focus on low-tech applications and 
challenges (what are the critical issues that make Spring Artificial Recharge feasible and succesfull? 
Whch investigations are at least required?) (Harry) 
 
Pepare and produce  a video on the Kwemakame case study (takes a lot of time and effort) 
(idea still hanging) 
 


