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Sammanfattning 
 
Utbudet av tillgängliga vattenkällor i byn Bumilayinga i Tanzania: Finns det 
behov av en förbättrad vattentillgång för byborna?   
Kajsa Enhörning 
 
Tillgång till vatten en nödvändighet för mänsklig aktivitet. I Tanzania spelar vatten en 
avgörande roll för att upprätthålla hälsa och välbefinnande hos människor på lands-
bygden. Byn Bumilayinga i Tanzanias södra bergsområden täcker en yta på 41 km2 
och har över 1600 invånare. Majoriteten av invånarna livnär sig på jordproduktion, 
vilket innebär att utbudet av vatten är betydande året runt i området. Under byns 
torrperiod är utbudet av regnvatten i floder och bäckar begränsat och tillgången till 
grundvatten i form av brunnar signifikantare. Fokus för denna studie var därför att 
kvantitativt undersöka om grundvattenresursen i byn är tillräcklig för att försörja 
invånarnas efterfrågan av vatten.  
    En konsekvens till byns få antal brunnar samt att 40 % av brunnarna är ut funktion 
är att många bybor spenderar timmar med att gå till och från brunnen varje dag. 
Bland familjer är barnen ofta ansvariga över att hämta vatten till mat och hushåll. I 
Bumilayinga är 82 % av människorna som hämtar vatten barn, att bo långt ifrån en 
vattenkälla har därför stor inverkan barns möjlighet för att gå till skolan. Studien tyder 
på att grundvatten utbudet är mer än tillräckligt för att försörja bybornas efterfrågan. 
    Bristen på vattenkällor påverkar i längden byns utveckling och denna studie 
diskuterar byns potential för att förbättra livsförhållanden för byborna i byn samt en 
säker tillgång till vatten. 
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Abstract 
 
Use of Domestic Water Supplies and the Range of Available Water Sources: 
Are There Needs for Improved Water Sources in Bumilayinga, Tanzania? 
Kajsa Enhörning 
 
Throughout history society´s supply of domestic water has been a large concern for 
example placing limitation to development in many rural areas. In Tanzania, water 
plays a critical role in providing livelihood opportunities and sustaining the health and 
welfare of rural families.  
    Bumilayinga, which is a rural village in the southern Tanzanian highlands, covers 
an area of 41 km2 and has over 1600 inhabitants. The majority of the people living in 
the area provide themselves through harvest production which means that access to 
water through floods, wells and pumps are important all year around in the area.     
    However, access to water especially in the dry season is difficult. This is generally 
true considering that some 40% of the hand pumps in the village are not functioning 
and villagers walking every day to fetch water are spending many extra hours. As 
such, there is need to assess both dry season supply and demand of groundwater 
resources to determine the potential value added by drilling wells in the region.  
    The focus of this study was, thus, to quantitatively investigate if the groundwater 
resource in Bumilayinga village is comparative to the water demand of inhabitants. 
Children and women bear the primary responsibility for water collection. In 
Bumilayinga 87% of the people coming to fetch water are children, this affect many 
children’s availability to go to school. 
    According to the study the groundwater supply is likely enough to support the 
village and meet demand. The path to development is safe access to close water 
sources and many inhabitances are not aware of the benefit with a close water 
source. This study discusses the village potential to improve rural livelihoods and 
secure access to safe water supply. 
 
Key words: Water development, rural water points, groundwater estimations, 
Tanzania 
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1 Introduction 

1.1 Background 
Worldwide millions of people do not have access to safe water or sanitation. 
Throughout history society´s supply of domestic water has been a large concern and 
limitation to development (Thompson, 2003). The Sustainable Development Goal 
(SDG) for water promises “Safe and affordable water for all human beings”. Of the 
740 million people without an improved water source, 80% live in rural areas (United 
Nations Development Programme, 2007), often in small villages where machine 
drilled boreholes and imported hand pumps are too expensive. This access is 
complicated by the need of functioning pumps and technology to bring the 
groundwater to the surface. For example, 35% of the hand pumps in sub-Saharan 
countries are not functioning and the variability of water supplies and water sources 
is one of the main limitations with regards to access to drinking water.  
    The practicality of access to functioning wells can clearly be seen in distances. 
The average distance that un-piped households walk to obtain water from their 
primary source in sub-Saharan is 459 meters (United Nations Development 
Programme, 2007), and absence of water access has impact on the wellbeing and 
economic activities of communities. In Africa, women do 90% of the work of 
gathering water and wood for the household and for food preparation (Thompson J, 
2003), Due to the hot, dry climate, safe water is limited, it is not rare to share 
domestic water sources with animals which leads to a high number of health 
problems caused by poor water or sanitation This increases the risk of infectious 
diseases like cholera, typhoid and diarrhea (White, 1975). Nowhere is this more 
obvious than in Tanzania.  
    Tanzania is the largest country in East Africa and home to over 52 million people 
(Fitzpatrick, 2012). In rural areas of Tanzania, the population carries their own water 
supplies from springs, ponds, streams and wells. The existing public water sources 
in villages are often over crowded and over used.  Many water wells in Africa, 
especially hand dug wells dry up at end of the dry season. This is because more 
water is taken out than is coming in by the natural recharge (Holtslag, 2016). 
 

1.2 Bumilayinga village 
The rural village Bumilayinga is situated in the southern highlands Mufindi district 
and the upstream area of the Little Ruaha River catchment. The Mufindi District is 
one of the seven Districts in Iringa Region located in Southern Highland of Tanzania.     
    Little Ruaha catchment is a sub-catchment to the Great Ruaha catchment that 
covers an area of 86 000 km2 (Tumbo, 2015) (Fig.1). Bumilayinga village (latitude: -
8.37946 longitude: 35.0581) covers an area of 41 km2 and is positioned on an 
altitude of 1800 m (Tumbo, 2015). Of Bumilayingas 1637 inhabitants, the majority of 
the people provide themselves through agricultural production (Bumilayinga village 
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office, 2016). This means that access to water through floods, wells and pumps are 
important all year around in the area. The Little Ruaha River originates from Ihefu 
Swamp and persists through multiple areas in Mufindi District, further it extends to 
Kilolo and Iringa Districts before joining the Great Ruaha River (Pantaleo, 2011). A 
tributary to the Little Ruaha River runs through the north of Bumilayinga village 
separating the village with a valley.  
    Water table position is highly correlated with rainfall (Tumbo, 2015). Bumilayingas 
rain season is normally from December to April and dry season from May to 
November (Fig 3). The river runoff in Bumilayinga has big seasonal variation with a 
maximum and minimum flow during the months of March and October. The average 
groundwater level noticed on the drilled well logs is 14 m (Tumbo, 2015). Minimum 
and maximum average monthly winter and summer temperatures vary from 15 °C to 
24 °C and 25 °C to 30 °C (Fig 4). The soil in the area consist with 92,7% loam 
material and 7,3% sandy loam material (Tumbo, 2015).  
 

 
Figure 1 ka32a sub-catchment (red) situated in the upstream area of the Little Ruaha River 
catchment (green), a sub-catchment to the Great Ruaha River drainage system. Map 
created in SPATSIM software 2016 (Tumbo, 2015) 
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Figure 2 Bumilayinga village area (yellow) and the river separating the village (white) 

 

 
Figure 3 The average monthly rainfall in Bumilayinga from 1950 to 2010 (Tumbo, 2015) 
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Figure 4 The average temperature in Iringa district 2000-2012 (Tanzanian Meteorological 
agency) 

1.2.1 Water sources in Bumilayinga  

Traditional water supply 
The wet season is when the streams in Bumilayinga have run-off. Typically, the soils 
in the area have a high infiltration rate. The northeast part of the village is separated 
to the rest of the village by a valley with a river in the bottom of the valley.  
    During wet season people collect water directly from the river or from ponds 
around the area. The river is especially an important water source for residents on 
the northern side of the valley. In the dry season, when there is no flowing water in 
ponds, natural springs and waterholes the access to groundwater is more significant.  
Hand pump water supply 
There are reported ten drilled hand pumps in Bumilayinga village and six of these 
are reported functioning (Fig.5). Of the working hand pumps, 2 are situated in the 
village center (1,2) and 4 hand pumps are located outside the village center 
(3,4,5,6).  
    Like many other rural water points in Africa the drilled wells in Bumilayinga are 
manually drilled boreholes and imported India Mark 2 pump (Figure 6). The wells in 
Bumilayinga have a depth between 19-30 meters and show a higher water yield 
lever with an average 14 m (Table 1). The India Mark 2 pump is a expensive pump 
to construct, a new pump cost around 5.000 to 10.000 US$. The India Mark 2 pumps 
are robust pumps with all components made out of stainless steel (Figure 7) and 
have been used in many countries of the world as the backbone of their community 
water supply (Holtslag, 2016). Unfortunately today there are millions of India Mark 2 
pumps lying broken and not being used, the main reason is that pumps with low 
quality components are being installed (Holtslag, 2016). When breaking down it is 
expensive to repair and many pumps are left behind.  
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Figure 5 Distribution of working pumps in Bumilayinga village (Enhörning, 2016) 

 
Figure 6 Pump1 (brand India Mark 2) in Bumilayinga village center (Picture: Enhörning, 
2016) 
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Table 1 Completed well description of drilled pumps in Bumilayinga village (Bumilayinga 
village government, 2016) 

Completed well description 

Village Region District Nos of wells 
BUMILAYINGA IRINGA MUFINDI 10 
  
Well no. Well depth 

(m) 
Aquifer depth 
(m) 

Water 
level 
(m) 

Tested 
yield L/h 

Screen depth 
(m) 

  from to   from to 
1 21 12 12 12 1455 10 21 
2 23 16 16 16 960 15 23 
3 30 22 23 22 706 22 30 
4 31 23 23 23 706 23 31 
5 21 16 17 16 1600 16 21 
6 22 12 12 12 1560 8 22 
7 20 8 9 8 1800 8 20 
8 22 12 13 12 1500 11 22 
9 20 7 7 7 1835 6 20 

10 20 9 10 9 1600 9 20 
        
Average 
well 

23 13.6 14.05 14 1372 13 23 

 

1.3 SHIPO  
SHIPO (Southern Highlands Participatory Organisation) is a local NGO (Non 
Governmental Organisation) in the Southern Highland of Tanzania started in 2001 
(Holtslag, 2016). The private sector approach and direct sales have proven to be a 
realistic and sustainable solution not only giving locals the change to get a affordable 
water source but also the chance for locals to start their own local business. Trough 
SMART (low cost effective technology) SHIPO arrange training programs designed 
for maximum involvement of local private sector and direct sales to ensure profit-
based sustainability.  
    In general SMARTechs can be produced by locals and with local materials, its 
function can both reduce the cost of Communal water supply and scale up the 
options for Self-supply at family level (Holtslag, 2014).  
    The pumps constructed for local purpose are supposed to be easy to repair and 
obtain and affordable for poor. The training center in Njombe town has been proven 
successful and local businesses have started in many Tanzanian highland areas.  

http://www.shipo-tz.org/
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    Examples of a SMARTechs are the rope pumps that are inexpensive and easily 
constructed and repaired by the local private sector. The pump fits in both hand-dug 
holes and drilled boreholes down to 35 meter. The pump can be used both for family 
use and serve communities up to 150 people (Holtslag, 2014). Since SHIPO 
introduced the rope pump in 2005 there are today 20 workshops producing pumps in 
Tanzania which have installed over 10 000 pumps, of the installed pumps 40 % of 
are purchased by families (Holtslag, 2014).  
    Because of its high pumping capacity the pump is a good alternative for livestock 
and small-scale irrigation use. Depending on the depth and style the price varies, a 
drilled rope pump costs around 1000 dollars. For the same drilling depth, the Rope 
pump is 3 to 5 times cheaper than (imported) piston pumps like the India Mark 2. 
    More advanced designs of the rope pump are being devised. The rope pump can 
be connected to a wind power station that pumps up water with the help of the wind. 
It fills up a tank that can later be used for irrigation (Holtslag, 2016).  
    Many places in Tanzania come across dry wells in the end of the dry season. 
Causes for limited ground water recharge could be compact topsoil layers, a loss of 
vegetation or changed rain patterns due to climate change etc. Through SHIPOS 
training program local entrepreneurs simple techniques how to use rainwater, that 
otherwise would run off to rivers or evaporate, thus penetrates into the ground and 
reach the first aquifer. The Tube recharge system consists of a manually drilled hole 
with a drainage tube, a filter and a pond. The Tube recharge works as soil moisture 
recharge and keep the ground water level in a probable state. It is used in areas with 
a compact top layers and where rainwater runs off to rivers (Holtslag, 2016). 

1.4 Aim and purpose 
The access to safe drinking water is a major time limitation in many parts of the 
world. For the people of Bumilayinga a lot of their day is spent by the water sources 
of the village to fetch water.  
    This study aims to investigate the water sources of Bumilayinga village and to 
estimate a connection between the groundwater availability and the ground water 
use. These resulting issues will later be discussed in the context of groundwater 
development in Bumilayinga and answer the aim question “What can be done to 
contribute effectively to a sustainable improvement in the living standard of the 
people of Bumilayinga?” 
    To answer this, there are several subjects to investigate: 1) Find out the water 
requirement and accessibility in Bumilayinga today (Assess the demand). 2) Perform 
a brief hydrological survey of the village area (Assess the supply). 3) Learn about 
drilling information in rural areas (Assess the connection between supply and 
demand).  
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2 Method 

2.1 Assess the water demand  
To make an estimation of the village water demand some information need to be 
obtained. Most of the information was estimated with field investigations of the area, 
water sources and interviews with the village office. 

The village area 
The area of the village was problematic to state since there is no actual map data of 
how big the village is. The estimation of the village area was made with a handhold 
GPS while traveling by motorcycle across the area with accompany of a village 
landlord of Bumilayinga. The landlord provided with information about the outlines of 
the village. The coordinates of the outlines were collected and the area was later 
calculated in the software Garmin Basecamp (fig 7). Coordinates of all pumps in the 
area were collected and later mapped to get a view of the distance people in the 
village walk to the local pumps of the village. The locations of the valley and the river 
are shown in Fig 2. 

 
Figure 7 Area estimation of Bumilayinga village 

The habitants living in the area and location of water sources 
Inhabitant amount and the numbers of men, women and children living in the village 
were collected from the Bumilayinga village office as well as a list of all the functional 
and non-functional pumps in the area.  
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The water use in Bumilayinga 
In terms of daily needs of water per person a study of a well in central Bumilayinga 
village was made (well 1). The pump chosen for the study is the well most 
inhabitants visit to catch water in Bumilayinga (Bumilayinga village office, 23-Feb-
16). By manually counting the amount of water (liters) taken from the pump for the 
time of 12 hours on two different time events, a Wednesday (24-Feb-16) and a 
Saturday (27-Feb-16), an evaluation was made of the water use in a week. A 
Wednesday and a Saturday were selected to get a better evaluation of the water use 
for a week when people are working and are in school for 6 hours 5 days a week. A 
Wednesday allows insight to the water use when people are in school and at work 
from 8am to 2pm and a Saturday to see the water use when people are not in school 
and not at work from 8am to 2pm.  
    The average water use per day in the wells outside the village center (well 3, 4, 5, 
6) is estimated in the calculations to be two-thirds compared to the village center 
(well 1, 2). This is because of the larger amount of inhabitants living in the village 
center. 
Each person coming to the well was evaluated in three classifications:  

1 How much water did they pump up from the well?  
2 Who has the responsibility (woman, man, child)?  
3 What is their walking distance to fetch water? 

 

 
Figure 8 Distance to the water sources in Bumilayinga 
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2.2 Assess the water supply 
To assess the water supply in Bumilayinga village the following things were studied 
and used in the ground water supply calculations: 

• The spatial variability of soils in the area and therefore drainable porosity 
(specific yield) 

• The information of precipitation, geology, soil, vegetation and topography in 
the area is collected from Dr. Madaka Tumbo’s PhD research “Uncertainties 
in modeling hydrological responses in gauged and un-gauged sub basins”, 
2015, Rhodes University, South Africa.  

• The probable aquifer level and depth of the village and the average 
groundwater level in the area.  

Ground water level, aquifer information and tested yield of the wells in the area were 
collected from the water district office in Iringa town (Idala ya Maji) who also are 
responsible of drilling the wells in the area.  
    An aquifer is a body of saturated rock where groundwater can easily move and be 
extracted. It needs to be kept in mind that the aquifer’s “real” area from which the 
inhabitants pump up water in Bumilayinga is not known and hard to estimate. To 
simplify this difficulty and provide a first-order estimate, the area of the village was 
used as the aquifer extent area in the calculations; however, even this estimate is 
questionable due to the fact that a river separates the village. As such, this shows 
that it is more than one aquifer in the village. Still this initial estimate based on village 
area provides context for the remainder of this study.  
    Along this same line and to have something to compare the calculation results 
with a valuation of the average recharge in areas was estimated with a simple water 
balance equation over the catchment where Bumilayinga village is situated with data 
taken from Dr. Madaka Tumbo’s PhD research “Uncertainties in modeling 
hydrological responses in gauged and un-gauged sub basins”, 2015, Rhodes 
University, South Africa. 

Calculations  
In the calculations some assumptions were made about the hydraulic conditions in 
the aquifer and about the pumping and observation wells. Specifically, it was 
assumed: 

• The aquifer is unconfirmed, homogeneous and isotopic.  
• Soil material is the same over the whole village. 
• Ground water flow is horizontal. 

Soil percentages  
Bumilayinga is situated in the ka32a catchment area, which is the most upstream 
area of little Ruaha sub-catchment. Bumilayinga is assumed to have the same range 
of soil properties such as structure; porosity and land cover as the ka21a catchment 
(Tumbo,2015). 
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Specific yields  
As water is draining through pores in the soil not all of the water will easily leave an 
aquifer. The specific yield (Sy) is the ratio of the volume of ground water that drains 
from a saturated material to the total volume of the material. It is the volume of 
stored groundwater that can be released or taken up per unit surface area (Dingman, 
2008). Each type of soil has a different specific yield value and, depending on what 
type of soil it is, the soil can store a different amount of water.  
    That the aquifer in Bumilayinga area is unconfined is logical since the water level 
is very correlated with precipitation in the area (Iringa water district office 2016). This 
also confirms the drought that occurs in the end of the dry season multiple years that 
makes the wells typically run dry.  
    The specific yield value of the soils in Bumilayinga was taken from literature 
(Dingman, 2008). Using the soil percentage and the literature values of specific yield, 
an average value of specific yield was calculated for the village with following formel: 

𝑆𝑆𝑆𝑆 = 𝑆𝑆𝑆𝑆𝑆𝑆(𝑋𝑋% ∙ 𝑆𝑆𝑆𝑆𝑥𝑥) 
 
where Sy stands for specific yield, X% the soil coverage percentage and Syx is the 
specific yield of the soil. Porosity decreases with depth because of higher pressure 
from top material, this also affects the specific yield. This was ignored since the 
difference is not large enough to consider in the calculations.  

Water table positions  
The Water office in Iringa (Idala ya Maji) who are responsible of drilling pumps in the 
Iringa region, Tanzania have well-log records of all drilled wells in the Bumilayinga 
area and gave access to all their information (depth, water level, aquifer information 
and age) (Table 1). Keep in mind that the water table position differs depending on if 
it was rain season or dry season the drilling was made (which is not stated in the 
drilling logs).  

Bedrock depths  
The depth to bedrock is very hard to estimate in the village since drilling to the 
bedrock has never been made in the area or the surrounding areas. To drill deeper 
than the boreholes in Bumilayinga was not possible with the manual drilling 
techniques that was done by 1994(Iringa Water Office). The drilling logs from each 
pump in Bumilayinga did have information of aquifer depth (starting depth and 
ending depth).  These aquifer depths are used in the coming equations to estimate 
the total volume of drainable groundwater in Bumialyinga.  
    The closest drilling log down to the bedrock accessible at the Iringa Water Office 
was in Ndolezi, Mafinga where a lithological log down to 196 m has been made. It 
showed that the first bedrock (weathered granite) was determined at the depth of 24 
meter, which is similar to the aquifer depths estimations in Bumilayinga that are used 
in the calculations.  
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Variability of drainable groundwater  
With the estimated parameters that were calculated earlier the variability of drainable 
groundwater in Bumilayinga was calculated with following formel: 
 

𝐷𝐷𝑤𝑤𝑤𝑤 = 𝑆𝑆𝑦𝑦 ∙ (𝑑𝑑 −𝑊𝑊𝑊𝑊) 
 
where Dwd is the variability of drainable groundwater in meters, Sy the annual 
specific yield, (d-WT) the depth of the aquifer in meters,  WT is the average 
watertable position from the drilling logs (Iringa Water Office, 2016) and d is the 
depth to bedrock, 

Total volume of drainable groundwater  
Groundwater storage has been estimated by combining the saturated thickness and 
effective porosity of aquifers across Bumilayinga. The values of drainable water were 
calculated between all the 10 pumps in Bumilayinga resulting in an average 
drainable groundwater value of Bumilayinga village using following formel: 

𝑉𝑉𝑤𝑤𝑤𝑤 = 𝑆𝑆𝑦𝑦 ∙ ((𝑑𝑑 −𝑊𝑊𝑊𝑊) ∙ 𝐴𝐴𝑐𝑐) 

where Vwd stands for the total volume of drained water in meters,  A c the area of 

the aquifer (in this case the are of the village), (𝑑𝑑 −𝑊𝑊𝑊𝑊) is the depth of the aquifer 
and (𝑑𝑑 −𝑊𝑊𝑊𝑊) ∙ 𝐴𝐴𝑐𝑐) represent the volume of aquifer.  

Annual water balance  
To get an overview of the hydrological context in the sub-catchment area where 
Bumilayinga is situated a water balance equation. With hydrological information over 
the sub-catchment a simple calculation was made with the annual water balance 
equation  
 

𝑃𝑃 = 𝑄𝑄 + 𝐸𝐸 + ∆𝑆𝑆 
 
where P stands for precipitation, Q for annual runoff, E for evaporation and ∆𝑆𝑆 for 
storage. 
 

2.3 Assess the connection between supply and demand 
The connection between the water demand and supply is estimated with a 
comparison between the water use of the village and the calculated total volume of 
stored groundwater and recharge of the village per month. By studying the relative 
impact of water use and water resources in Bumilayinga village this project enables 
to better understand the inhabitants water situation and security in the area, what is 
substantially possible to be done for securing rural livelihoods and poverty reduction 
of the village.  
    A trip to Njombe town was made to visit SHIPOs SMARTtech program. SHIPO 
(Southern Highlands Participatory Organisation) is a NGO (Non Governmental 

http://www.shipo-tz.org/
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Organization) started in 2002 and has the goal to improve water resources in 
Tanzania. SMARTech products can both reduce the cost and increase functionality 
of communal water supply and increase options for Self-supply (private wells) which 
later results in extra family income and more food security. By visiting SHIPOs head 
office and observe their training center learn about the ongoing commitments to 
secure water availability in the surrounding areas of Bumilayinga.  
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3 Result 

3.1 Water demand of Bumilayinga village 
Bumilayinga have a population of 1637 people and the area of the village is 41 km2. 
Within the village there are smaller communities while school, nursery and village 
office are all in the village center of Bumilayinga.  

Water use in Bumilayinga 
The two-day study of pump 1 (Fig 2) estimated a yearly water use of 4400 m2 for 
Bumilayinga village (Table 2). The daily water use of Bumilayinga is 12 m2 per day 
(Fig 9), which corresponds to a daily water use of 7,3 liter/day per inhabitant in the 
village.  
 

 
Figure 9 The estimated water use of the functional pumps in Bumilayinga from the two-day 
study of pump 1. 

 
Table 2 The estimated yearly water use in Bumilayinga village. 

 
Area km2 

Nr of  
pumps 

Water use 
m3/year 

Whole 
village 41 6 4400 
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Who is responsible 
Of the 1637 inhabitants in the village 540 persons are estimated to go and fetch 
water per day (Fig10). Among the people coming to the pump to fetch water 82% 
were children and 18% were women. Not a single man came to the pump to fetch 
water during the two-day study of the village center pump 
 

.   
Figure 10 Inhabitants estimated to visit each pump per day from the two-day study 

 
 

 
Figure 11 Estimation of gender and age responsible of fetching water based on the pump 
studies. 
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Distance from household to water source 
People living in the village center have a short distance to the water sources in the 
village. Inhabitants living in the north of the village fetch water for domestic supply in 
the river during wet season when the run off is still flowing (Bumilayinga village 
office, 2016). During dry season the people living by the borders to Ugensa and 
Nacongomi have an over three-kilometer long walking distance to the closest water 
source in the village (Fig 2).  
    The two-day study of pump 1 showed that 4% of the people coming to fetch water 
had walked over 3 km one-way to the water source (Fig 12). 
 

 
Figure 12 Walking distance distribution from the two-day study of pump1 (Enhörning,2016) 

 

3.2 Estimated water supply in Bumilayinga village 

Soil percentage 
Bumilayinga is situated in the ka32a catchment area, which is the most upstream 
area of little Ruaha sub-catchment. Bumilayinga is assumed to have the same range 
of soil properties such as structure; porosity and land cover as ka21a in Dr. Tumbo’s 
study (Fig 1). From the study following information of ka21a was collected: 

Table 3 The distribution of soil material, their porosity and specific yield in ka32a sub-
catchment (Tumbo, 2015)  

Ka32a sub-catchment 
   Name of soil % Porosity (-) Sy((-) 

Loam 92.7 0,44 0,2 
Sandy loam 7.3 0,38 0,33 
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Specific yield 
The specific yield represents the drainable part of the porosity of an unconfined 
aquifer (MacDonald et al. 2012). The soils of Bumilayinga have a specific yield near 
20% (Table 4).  
 
Table 4 The specific yield of Bumilayinga soils 

Specific yield Sy 
 Fraction of aquifer occupied by water that is drainable  

Sy=sum(soil%*Syx) 0,21 
 

Water table position 
Figure 1 shows the well-log information about all pumps in Bumilayinga. Only six of 
the ten pumps are currently in use (1-6). The information is obtained from the Water 
office in Iringa (Idala ya Maji) 1992 that are responsible of drilling and constructing 
pumps in the Iringa region, Tanzania. The water table position is altered among the 
pumps in the village going from 7 m to 23 m. The average water table position from 
all the drilled pumps is 14 m (Fig 9). 
 
Table 5 Water table positions of the drilled pumps in Bumilayinga (Iringa water office, 1992) 

 
 
 
 
 
 
 
 
 

 

 
 

Bedrock depth 
The closest drilling log down to the bedrock accessible at the Iringa Water Office was 
in Ndolezi, Mafinga, where a lithological log down to 196 m has been made. It 
showed that the first bedrock (weathered granite) was determined at the depth of 24 
meters; wish is similar to the aquifer depths estimations in Bumilayinga (Table 1) that 
are used in the calculations. The average aquifer depth of the drilling logs in 
Bumilayinga is 0,45 m. 

Well nr In use Water table (m) 
1 Yes 12 
2 Yes 16 
3 Yes 22 
4 Yes 23 
5 Yes 16 
6 Yes 12 
7 No 8 
8 No 12 
9 No 7 

10 No 9 
   

Ave  14 
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Variability of drainable groundwater  
The variability of drainable groundwater in Bumilayinga is 9 cm (Table 6).  
 
Table 6 The variability of drainable ground water in Bumilayinga 

Variability of drainable GW (m) 
Dwd=Sy*(aquiferdepth) 0,09 

Total volume of drainable groundwater in Bumilayinga  
The volume of drainable groundwater in Bumilayinga village is 3870000 m3 (Table 7) 
 
Table 7 The volume of stored groundwater in Bumilayinga village  

 Area km2 Storage volume m3 

Bumilayinga 41 3870000 

Water balance equation over Bumilayinga 
The area (ka32a) where Bumilayinga is situated in has following meteorological 
characteristic.  
Area 838 km2 
Precipitation (P) 459 mm/year 
Runoff (Q) 109,6 MCM/year 

 
For 1ka32a sub-catchment (Fig.1), following meteorological values occur per year in 
cubic meter:  
 
Table 8 The yearly water balance values for ka32a sub-catchment (Tumbo, 2015) 

  Precipitation Evapotranspiration Runoff 
1ka32a 384780000 27510000 109640000 
% 100% 72% 28% 
 

3.3 Connection between water supply and demand of Bumilayinga 
By comparing the ground water supply and the water use of the village it is clear that 
the aquifer can support a larger amount of water use (Table 9). 
 
Table 9 The yearly water use and the stored ground water volume of Bumilayinga 

 Area km2 Pumps Water use m3/year Storage volume m3 

Bumilayinga 41 6 4400 3870000 
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4 Discussion 
Water situation in Bumilayinga 
The estimations of groundwater storage in Bumilayinga village shows that the aquifer 
can easily support water use of Bumilayinga village. The water balance equation 
also showed that of the yearly amount of rainfall it is likely that a significant amount 
of water ends up as groundwater recharge. The overarching goal of this study was to 
see if there is enough water in ground to support a whole village with 1637 
inhabitants. The lack of water for the inhabitants of Bumilayinga does not thus 
appear to be a water supply problem, so why is water access still a problem in 
Bumilayinga? Why do women and children have to walk for many hours every day to 
get water for their home and family? How do we get more water for productive uses?  

Technical issue 
That 35% of all water points in Africa are today broken and not being repaired 
(Holtslag, 2014) matches to the amount of broken wells in Bumilayinga where 4 of 10 
public pumps are broken. All of these are situated within a 4 km2 from each other 
and close to the village center. The drought during dry season might be because of 
this short distance and overcrowding by the public pumps. By pumping up 
groundwater from points too close to each other might cause so-called cone 
depression interference and lower the ground water level on a larger area. The 
problem with the drilling of high yielding boreholes is that they cannot reach the 
ground water and seasonal dry up meaning they are likely to be unsuccessful.  
    The daily water use for the people of Bumilayinga is 7,2 liters, which is about a 
sixth of the volume water used for a typical 5-minute shower in Sweden (Hellberg, 
2012). Physical factors such as distance to the source is important in determining 
levels of water use in Bumilayinga. There is still a need of water for the people and 
people spend a lot of working hours fetching water instead of doing something with 
profit for the future.  
    First of all, there are not enough pumps in the village, there are 10 public pumps 
and 4 of them are not working. The distance is too far for many people and it effects 
the development of the village (Figure 12). Children skip school and women do not 
have any time to do something that will profit themselves.  
    Second of all is the technology of the pumps in the village. This is seen through 
the interviews and information gathered from colleagues at SHIPO. The existing 
pumps in the village, the India Mark 2 are robust and expensive pumps. They are 
supposed to work for a long time and are hard to break. There will always come a 
time when they do break. At that time it takes much time, money and effort to fix 
them. Most of these pumps are just left behind, just like the 4 broken pumps in 
Bumilayinga. The reparation of the broken pumps is not happening basically 
because it is not enough money in the village to pay for it - people in the village live 
of their harvest production and support themselves. Evaluation, monitoring and 
protecting water resources is very important. With a simpler technology and less 
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expensive costs it should be possible to sell and drill more pumps among 
neighborhoods and therefor gain enough water for the village with better conditions. 
    SHIPOs educating center in Njombe is an investment that goes directly to the 
locals. Locals get educated in more than just drilling pumps. They learn how to 
manage their own business and make it profitable for the future along with 
understanding the importance of doing a good work and business.  
    The local entrepreneurs generate income with selling wells and pumps. Families 
like the convenience of water near the house and water increases income so pumps 
are maintained. The self-supply eventually results in a high profit-based 
sustainability.  
    Many children skip school to help out at home, one of the main tasks at home is to 
fetch water. 82% of the people coming to fetch water in Bumilayinga are children. By 
offering an affordable way for the locals to get a closer water source, the trip to go 
and fetch water is not as long and more children can go to school. 

Responsibility issue 
Another problem with the water situation in Bumilayinga today is that the pumps 
situated in the area are public and owned by the government. There is no one in the 
village responsible of fixing a pump if it breaks down accept the government (who 
often have other priorities). In many cases the people in the village just accept it 
when a pump is not fixed and start using the next pump. If there were access to 
more and better wells the access to water would be a lot easier but it will not help the 
locals if more pumps are being installed in the village and not being belongings to 
anyone. If possibly a couple of neighbors drill a pump together, they are all 
responsible of repairing it if it breaks down. This can potentially increase and 
improve financing at local level.  
    International charity has accomplished various projects in road construction, 
electricity development and water development. Many of these projects are going 
through and carried out without involving the locals. This eventually leads to a lack in 
local knowledge from when the international companies disappear. If the great 
investment breakdowns it is not possible to get fixed by locals. 

This brings to mind the adage: 
“You don’t help someone by giving them a fish; you help if you teach the person how 
to fish”.  

Social issue 
It has become increasingly accepted that women play the most important role in 
household activities and water management. This role could be enhanced through 
the strategy of gender mainstreaming in the future. In rural households, children 
carry the main responsibility for collecting water.  
    Thoughts before the study was that the burden would be more equal between the 
families, but the study proved that during a two-day study 82% of the people fetching 
water were children (under 15 years old) and the rest 18% were women. During the 
two-day study no man came to fetch water. This could also be a reason why 
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development is not happening in the village, why the broken pumps are not being 
taken more seriously.  
    Unfortunately, the gender view is a lot less urbanized in Tanzania than in many 
other countries and the authorized people in villages and government are almost 
only men. The people with the money and power are most of the times men. The 
women are responsible of cooking, cleaning, washing and taking care of the 
children. To go forward in developing water sources in the village more men should 
be included in the question, make them understand the benefit with a close water 
source. What it looks like now is that many men are not aware of how much their 
wives and children spend fetching water per day. Since it is not their responsibility no 
energy is spent trying to improve it. By providing access to water close to home it will 
dramatically reduce women and children’s workloads, and free up time for other 
economic activities. For children, this time can be used to attend school. 

5 Conclusion 
The yearly water use of the village is 4400 m3 and is not comparative to the 3870000 
m3 available ground water for Bumilayinga village area. Of course, the calculation of 
water fetched from rivers and reservoirs are not included. The village center is the 
part of the village where most pumps are situated. All of the six functioning pumps 
are situated within a 4 km2 from each other. The northern and eastern part of the 
village does not have a single pump installed in the area, which means that the 
ground water level in this area is not very much effected of the water fetched from 
the pumps.  
    The conclusion of this study is that there appears to be enough groundwater in the 
ground to support the whole village. By increasing the amount of water sources in 
Bumiilayinga the ground water supply should not be affected much. People in the 
parts of the village where there are no drilled water sources have long distances to 
go to the existing water sources in Bumilayinga.  
    For some people there is over a 4 km walk. A first step in development could be to 
increase the access to ground water use for the village. The water balance equation 
over ka32a sub-catchment shows that 28% of the monthly rainfall reaches the rivers 
and floods in the sub-catchment which means that considerable amounts of rainfall 
potentially infiltrate into the ground as ground water recharge within a given year. 
    The reasons of drought in the existing pumps during dry season is not because of 
the lack of ground water but because of the ground water levels sink during dry 
season and overcrowding at the existing water sources.  
    Drilling of new wells in secondary positions could alleviate this issue and shorten 
the distance for retrieval faced by the village inhabitants. 
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