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ABSTRACT 

This study was carried out to assess the water supply system in Kigoma/Ujiji 

Municipality.  The current water supply is about 27% of the demand compared to 

the supply in 2007 which was 38% and in 2006 which was 50% (Table 4.3). The 

only source of water supply is from Lake Tanganyika. Water is pumped to the 

storage tanks and then distributed by gravity scheme. The findings of this study are 

followed by recommendations that will relieve the community from extremely 

shortage. Different approaches applied in this study; including, Surveying of water 

supply system, analysis of the quality of water, estimation of demand and supply 

and analysis of revenue collection process and ability to recover operating and 

maintenance costs. The deficit in water was assessed and the main problems, namely 

technical and poor management, are discovered. Technical problems identified 

include inefficiency of supply infrastructure including pumping units, intake and 

distribution networks. Most of the technical problems  caused by dropping of water 

level in the lake, old age of pipes and pumps and lack of reliable power supply for 

pumping water full time. Managerial problem include poor billing system, low 

revenue collection and lack of qualified staff. Revenue collection covers only 96% 

of operating and maintenance costs and staffing ratio found to be seven employees 

per thousand connections where the billing is carried out manual. Recommendation 

made to look new location for new intake, refurbishment of existing intake and 

maintenance of distribution network. Full metering, employ of qualified staff and 

using advanced billing system like VYEMA, are recommended as a key towards 

financial sustainability and reduction of Unaccounted for Water. 
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CHAPTER ONE 

INTRODUCTION 

 

1.1: General Introduction:  

Water is the source of life and human civilization. The future of world depends on 

the use we make of this finite and vulnerable resource today. It is important to 

support new feelings to water, based not only on scientific knowledge, but also on 

cultural and ethical values. During 20th Century, world population tripled while 

world demand for water increased six-fold (El Kasim, 2007). 

In addition to populations needs for drinking water, various factors also contribute to 

this demand such as agriculture intensification, industrial expansion and climate 

change. The water being a shared resource, there is a fierce competition amongst all 

concerned sectors and at times also between nations. 

Therefore efficient water management is not only the key to economic development 

and environmental sustainability but also a vital ingredient in socio-political 

stability.  

 

1.1.2: Water Supply   

The supply of water is normally influenced by the population growth as increases 

the demand. The current population of  Kigoma /Ujiji where this study is 

concentrating is  about 145,000 inhabitant (Census, 2002),with growth rate of 
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4.8%.The main source of water is Lake Tanganyika  where it used for domestic 

purpose, fishing and navigation . Also the water from the Lake Tanganyika applied 

for other economic activities such as for industries, commercial centers, institutions 

and irrigation. Kigoma Urban Water Supply Authority (KUWSA) is government 

formed water utility which is responsible to supply water to the community of 

Kigoma/Ujiji Municipality. 

The main challenge to the water utility is to supply water that can meet the present 

and future demand. This is due to number of factors seems to act as barrier toward 

developing the water supply service in this town.  

The topography of an area has big influence to the settlement of the people. Large 

number of people settled in highland where water requires pumping from the source 

which located in lowland. Such condition is what used to define which mechanism 

would used to supply water whether is pumping system or gravity system. In the 

area with topography like this of Kigoma/Ujiji municipality, the pumping 

mechanism can not avoided although it involves high costs compared to gravity 

scheme. 

Lack of reliable power supply has cause poor water supply situation where that its 

capacity do not meet the demand. Kigoma region generally is not connected to the 

Power National Grid. The source power used is from generator supply power for 

different uses in town including domestic uses, industries and in water scheme for 

pumping where in large consumers like in water intake, power supplied by rationing. 
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Lake Tanganyika believed to be the biggest source of fresh water in the world with 

good water. Even if such important water body is available, the surrounding 

communities like this of Kigoma/Ujiji Municipality, still experiencing a big shortage 

of water. Through this study aimed to assess the water supply system, identified 

technical and managerial problems which causing such deficit of water. 

Currently, water is diverted from the Lake Tanganyika through the intake structures 

built on the shore of the Lake and supplied through pipe system which installed 

since 1950’s. It was desired that the required amount of water from the lake could be 

supplied under conditions and the system would be sustainable despite of increase of 

population. 

Furthermore, the demand for the population of Kigoma/Ujiji Town estimated to  

26,000m3/day but the pumping units’ capacity as it reach on January 2008, is 7123 

m3/day which is equivalent to 27% of total demand (KUWSA, 2007). Disregard of 

increase of population; still the amount of water pumps every day decrease as days 

go on. 

Increase of population is also increases the demand of water. Inability to supply 

adequate and safe water, outbreak of water borne and water related diseases may 

arise to the society. So, the major challenge to the responsible water utility is to fix 

the existing water shortage problem. The water shortage problem should be solved 

to meet the current and future water demand which is mostly affected by rapid 

expansion of the town and increase of population.  
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Institutional arrangement is another area considered as may affect the management 

in water supply. From level of the Water Utility management (KUWASA), is 

considered in tariff setting, water management and revenue collection while at 

national level, link the government and Water Utility to support them. The supply of 

water from Lake Tanganyika is also based on Regional and International rules and 

principles because is transboundary water body which shared by four riparian 

countries i.e. Tanzania, Democratic Republic of Congo, Burundi and Zambia 

1.2 Statement of Research Problem. 

The water supply situation in Kigoma/Ujiji is found to be very scarce due to number 

of factors which may exist in water intake, distribution system or in institutional 

arrangement. The current supply does not meet the population demand. However, 

the problem has been deteriorating continuously instead of getting improved. 

Financial constraints in the Water utility is what draw back the situation as it can not 

even undertake the maintenance of existing system. Poor capacity of infrastructure is 

affecting both water utility in terms of loosing income and mostly the community 

who are spending much of their time looking for water and sometime use the 

sources of water which are not safe and fit for their health.  

This study was carried out to find or to reveal the causes of water shortage and later 

propose recommendations which will quickly improve and make the system more 

sustainable. The improvement of water supply system will relief the community 

from high dependency they have to unsafe, unreliable and inaccessible sources of 

water to their household, commercial centers and in social services like schools and 
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hospitals. Also will improve livelihood of individuals as much time were wasting for 

searching water will be saving for other activities.  

1.2.1: Description of Study Area 

Kigoma region is located on the shore of Lake Tanganyika at the North West Corner 

of Tanzania (Figure.1.1). The region is situated between Longitude 29.50and 31.50 

East and between Latitude of 3.50 and 6.50 South of the Equator. It shares 

boundaries with Burundi and Kagera region to the North, Shinyanga and Tabora 

region to the East, Lake Tanganyika and DRC to the West and Rukwa region to the 

South. The capital town of this region is Kigoma/Ujiji where this research is 

concentrate. The town is along the shore of Lake Tanganyika (URT, 2002). 

1.2.2: Climate 

The climate of this area is characterized by tropical with a distinct long wet rainy 

season beginning from late October to May with short dry spell of 2-3 weeks in 

January or February followed by a prolonged dry season. Annual rainfall is variable 

ranging from 600mm to 1500mm being the heaviest in highlands, intermediate in 

the lower slopes and low in the valley bottom and lake-off shore areas. Mean daily 

temperature range between 250 C in December and January to 280C in September. 

Temperature varies with Altitude (URT 1998). 

The soil texture generally can be categorized in different zones. Along the lake shore 

the soil is deep and well drained comprising of dark reddish brown fine sandy loams, 

and sandy loams partly stony and severely eroded.  



6 

 

                               

Fig.1.1: Location of Kigoma /Ujiji   (source:URT,2002)          

 

1.3: Research Objectives 

1.3.1: The main Objective: 

The main objective of this study was to assess the water supply system so as to find 

out causes of water shortage in Kigoma/Ujiji Municipality. This aimed to identify 

the factors which cause shortage of water and thereafter the study will come up with 

empirical, workable recommendations to sustaining water supply service.  

1.3.2: Specific Objectives 

To be able to cover the whole situation involved, the study has to meet the following 

specific objectives; 

 To analyze and document the problems facing the water intakes and other 

physical status in the supply network.  
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 To analyze the current water demanded and water supplied and its variation 

with time. 

 To assess the trend of quality of water supplied by KUWSA. 

 To check the performance of KUWSA in terms of cost recovery. 

 Through discussion with water committee (Representative of Water User 

Group), affordability and willingness to pay for water were analyzed. 

 Then socio-economic impacts caused by water shortage to the community 

were identified. 

 Lastly is to recommend possible solutions that will improve water supply 

services and make it more sustainable. 

 

1.4: Significance of the Research 

Availability of water in right quality, quantity and time can bring changes. Changes 

can be natural, economic or in social sphere. This is to say that, access with portable 

water will lead to sustain many activities that involve in the community. 

This study is focused on providing the necessary information to support sustainable 

delivery of water as well as to improve the existing system of water supply. 

The community with sustainable and improved water supply will improve their 

health and also will reduce hunger if the water depends on agricultural activities. 

Also, for the water supply entity like KUWSA, increase of revenue from water 

billing and even creating of more job opportunities will attained if water services is 

also improved. 
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1.5 Layout of Dissertation 

This dissertation comprise of five main chapters and several sections and sub-

sections under each chapter. The main chapters in this report are as follows: 

Chapter one gives the general introduction of the topic concerned and also explains 

briefly about the study area including location and the climate. Chapter two it gives 

the Literature review about the topic and Chapter three is methodologies applied to 

carry out this study. In Chapter four is the discussion of results and lastly 

conclusions and recommendations given in Chapter five. 
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CHAPTER TWO  

LITERATURE REVIEW 

2.1. Introduction 

Water is a unique component and precious resources of the environment. This is for 

both living organisms and their surrounding. Also, water plays an important role for 

the social-economic development. In other words we can say water is what support 

life of everything. One of the experts agued that, water is essential to sustain life, we 

admire it, drink it, wash with it and swim in it, and fish live and sail on it (Sayi, 

2000). 

The water cover about 70% of the earth’s surface, 97.5% of it is salt water. Remain 

2.5% is fresh water ,where also 70% of this fresh water are frozen in the ice caps of 

Antactica and Greenland; others present as soil moisture, or lies in deep 

underground aquifer as groundwater. Is only 0.007% of the world’s water is 

accessible for direct human uses. That amount found in lakes, rivers, reservoirs and 

those underground sources that are shallow enough to be tapped at an affordable cost 

(www.AMREF.org,NAWAPO,2002). 

2.2: Water Supply in Urban Areas in Tanzania 

According to 2002 National Water Policy (NAWAPO), the sustainability of water 

schemes can be achieved by instituting cost recovery and beneficiary participation in 

the operation and maintenance of the schemes by established water entities. The 

entities are water user association, trustees, user groups, companies etc. 
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In 1998, United Republic of Tanzania through Ministry of Water, established Urban 

Water Supply and Sewerage Authority (UWSAs).This is among the water 

organization which operates and maintains the water infrastructure and providing the 

service in the Urban Area. Up to date, there are about 19 UWSAs in Tanzania which 

categorized in A, B and C depending on the degree to ability to recover costs. 

 

Table 2.1: Tanzania UWSAs as at January 2008 

Catego

ry 

Degree to Recover Cost UWSA 

A Operation and Maintenance,Salaries 

and administration,energy (fuel and or 

electricity) and contribution to 

Investment 

Arusha, Dodoma, Mbeya, 

Morogoro, Moshi, Mwanza, 

Tabora, Tanga, Songea and 

Mtwara. 

B Operation and Maintanance, part of 

Salaries and administration and 

energy (fuel and or electricity) 

Bukoba, Iringa, Kigoma, 

Musoma, Shinyanga, Singida, 

and Sumbawanga 

C Operation and Maintenance, part of 

Salaries and administration 

Lindi and Babati 

 Total UWSAs 19 

(Source: MOW, Annual UWSA report, 2007) 

The urban water supply in Tanzania is guided by Water Policy (URT, 2002) and 

Water Act No.8 (Miscellaneous Amendments) and Regulations (URT,1997). These 

are public (Government) owned utilities. Both the policy and legislation recognizes 

four major players namely: Ministry of Water and Irrigation, UWSAs, the regulator 
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(Energy and Water Utility Authority-EWURA) and Water Users/Customers (low, 

medium and High income earners). The social order, organizational culture, formal 

and informal interaction influence the performance of the utility. 

2.3: The Roles for different players in provision of water supply: 

2.3.1: Ministry of Water 

i. Owners of the Utility 

ii. Policy and guideline formulation 

iii. Establish Autonomous entities (Board) Sect.3 (6) of the water works Act 

iv. Facilitation and Financing for rehabilitation and expansion of the 

infrastructure. 

 

2.3.2: UWSAs 

i. Supply water and provide sewerage services to the customers 

ii. Operation and maintenance of the infrastructures 

iii. Billing and collections of revenues 

 

2.3.3: EWURA: 

Regulation of the utilities as per sector legislation: 

i. Issues renew and cancel licenses 
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ii. Establish standards for good and services 

iii. Establish standard for the terms and condition of supply of goods and 

services 

iv. To regulate rates and charges 

 

2.3.4: Others are to monitor performance of the water sectors: 

i. Level of Investment 

ii. Availability, quantity and standard of services 

iii. The cost of services  

iv. The efficiency of production of services 

 

2.3.5: Water User/Customers 

i. Pay for the service (water supplied and sewerage) 

ii. Conserve water resources 

iii. Information feedback for utility improvement on the efficiency and effective 

management( Minde  E,2007). 

 

2.4: Aims and Objectives of National Water Policy 

The water sector is governed by the National Water Policy 2002 (URT,2002). The 

NAWAPO is strongly influenced by other national policies that address issues of 
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poverty and economic development such as National development Vision 2025, 

Rural Development Policy (RDP) and Local Government and Public Sector 

Reforms. 

 

2.4.1: The overall policy objectives are as follows: 

(i) To address cross-sectoral interests in water, watershed management and 

participatory integrated approaches in water resources planning, 

development and management; 

(ii) To lay a foundation for sustainable development and management of water 

resources in changing roles of the Government from service provider to 

that of coordination, policy and guidelines formulation, and regulation; 

(iii)To ensure full cost recovery in urban areas with considerations for provision 

of water supply and sanitation services to vulnerable groups through 

various instruments including lifeline tariffs; and 

(iv) To ensure full participation of beneficiaries in planning, construction, 

operation, maintenance and management of community based domestic 

water supply schemes in rural areas (URT, 2002). 

 

2.5: Role of water Supply to the society and development 

Water is an essential commodity. Its availability in right quality and quantity can 

also lead to improved livelihoods. As we look ahead into the next decade, water will 
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become an increasingly critical issue as it becomes an increasingly scarce resource. 

People need water in many uses; for drinking, irrigation or for their animals. If 

people manage to have the water which can fulfill their needs definitely they can be 

able to promote their health, reduce hunger, and increase their income and to 

improve their living conditions (Soussan, 2004). 

 

2.5.1: Strategies to improve water supply in community 

- Strengthen water governance through water policy, laws, and action agenda 

for poor people.  

- To improve access of water quality to  poor people  

- Increase investment in water usage sectors like agriculture, rural 

development and others. 

- To invest in capacity building and empowerment of all people to be able to 

manage their own water. 

- To introduce sustainable natural resources management arrangement. 

- To build resilience to poor people so that they may prevent disaster and 

mitigation through better forecasting (Soussan, 2004). 

 

If poor people manage to get improvement in water services, number of benefits can 

be counted such as improvement in health, increase in food production due to 

irrigation, increase in income of household due to much time saved for fetching 

water used for other household activities. (Moench et al (2003) shows that, in 
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economies where a large proportion of the population is directly dependent on 

agriculture for their livelihoods ,access to reliable sources of water is a fundamental 

factor influencing the level of poverty.  

 

2.5.2 Dublin principles. 

• Fresh water is finite and vulnerable resources, essential to sustain life, 

development and the environment. 

• Water development and management should be based on participatory 

approach, involving users, planners and policymakers at all levels. 

• Women play a central part in the provision, management and safeguarding of 

water. 

• Water has an economic value in all its competing uses and should be 

recognized as an economic good. (UN,1997)  

 

2.6: Health Implication 

The provision of an adequate supply and safe water was one of the eight components 

of primary health care identified by the International Conference on Primary Health 

Care in Alma-Ata in 1978. The guidelines presented here are in full accord with the 

spirit of the Alma-Ata declaration on primary health care, which expanded the 

concept of health care to include broader notions of affordability, accessibility, self-

reliance, intersectoral collaboration, community participation, sustainability and 

social justice. 
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In most countries the principal risks to human health associated with the 

consumption of polluted water are microbiological in nature (although the 

importance of chemical contamination should not be underestimated). As indicated 

in Chapter 18 of “Agenda 21” of UNCED, “An estimated 80% of all diseases and 

over one-third of deaths in developing countries are caused by the consumption of 

contaminated water and on average as much as one-tenth of each person’s 

productive time is sacrificed to water-related diseases.”  

Manzungu (2004) argue that, if the demand exceeds the limited supply that the 

natural environment can provide, then social unrest can result. The aspect of 

development contributes in the environment degradation of quality of water 

resources due sedimentation and siltation from Agriculture activities, pollution from 

industries, poor urban waste disposal systems and lack of sanitation facilities. Major 

results of these within region are diseases and poor health which are mainly water-

related (Manzungu, 2004) 

Also pesticides and fertilizers from farmland may wash into the river to detriment of 

aquatic ecosystems. The other activity which can upset the fresh and marine 

ecosystems is damming of river which prevents also flow of sediment and nutrients 

downstream 

 

2.7: Causes of Water Shortage 

The Water Shortage can not easily separate from water scarcity. The definition of 

water scarcity elaborated by International Water Management Institute (IWMI) and 



17 

 

Falkenmark (1995).They differentiate water scarcity from water stress as water 

scarcity is availability of water per capital basis while water stress expresses as the 

ratio of water withdraw to water available. If these definitions made applicable to 

even to the small scale, water scarcity will be regarded as water shortage where 

water available or supplied per capita is not sufficient. This shortage may be there 

due to poor supply system, poor management which will always reduce the ability to 

produce or supply that can meet demand. Appelgren et al (1998) argue that, although 

water scarcity is commonly perceived as an often absolute shortage of natural 

resource, when regarded from a management point of view, it may be better 

described as a lack of adaptive capacity and thus as a social resources scarcity. Also 

Abrams (2001), states on the same concept of water scarcity as a social construct or 

matter of political and economical perception. 

Shortage of water can be caused by different factors. The water shortage is not a 

permanent problem but depend on presence or absence of some factors like 

changing of Population, changing of climate and Pollution as may affect technical 

issues in water supply system. These factors may change the availability of water or 

its quality. 

 

2.7.1: Growth of Population 

The growth rate of Tanzania as well as Kigoma/Ujiji is almost high. According to 

household census held in 2002, the population of Kigoma/Ujiji Municipality was 

about 145000 people with growth rate of 4.8% per year. For projected population 

expected to be 194,000 people by 2010 and 340,000 people by 2025. We have 
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insufficient water and an increasing demand for water is increasing due to 

population growth and in the various aspects of development such as irrigation 

agriculture, industrialization, Urbanization and changes in life style. Since there is 

increase of demand but the water resources are limited. This means the available 

population will be sharing the available resources as the result of reducing the water 

per capital if the available quantity of water is not increasing. The issue of 

urbanizing and the task of obtaining sufficient water and distributing it to the newly 

urbanized household will also be a major financial and environmental challenge to 

many authorities. 

For example, in   1970’s when water supply system implemented in Kigoma Urban, 

the population was about 35,000 people. By that time, there was no scarcity of water 

in this area. Currently, is the same system/infrastructure used to supply water at even 

less amount than previous although population has increased about four times. Due 

to effect of population increase, the effect of water scarcity now has raised. 

 

2.7.2: Climate Variability.  

Global warming is the major threatening which facing the world now. Number of 

Environmentalists have campaign much on this on how much effects are there and 

what efforts to apply to prevent more destruction. One of the effect has caused   by 

the global warming is decrease of water level in the Lakes. Changes of Lakes level 

has big effect in water supply as it disturbed the capacity of water intakes 

constructed in the Lakes. The position and level of sump well in the intake designed 
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so that it can draw required amount of water and at all season of the year (dry and 

wet season). Changes of designed parameter will also alter its operation.  

Dropping of lake water level is one of the   global warming effects which has also 

affect the water supply system as it cause inefficient operation of intake. In 

Kigoma/Ujiji where this study is concentrating, the water is no longer supplied or 

drawn at designed amount which result to water scarcity in many places. Climate 

change and extensive deforestation has greatly contributed the dropping of water 

level in Lake Tanganyika, said Boniface Nyakageni, an environmental activist and 

adviser at Burundi's Ministry of Environment 

(http://medilinkz.org/news/news2.asp?NewsID=13000). 

 

2.7.3: Pollution 

The urban water supply supposed to be safe and clean so that can fit for human 

being and other urban uses. If not meet that condition, even if is there, not useful. 

When water sources polluted can turn its uses and affect the society who depends on 

that source either for domestic uses, irrigation or fishing. 

Polluted Water bodies which were used to supply water for the particular purpose 

turns to useless as a result of causing water scarcity. This is because water available 

is no longer fit for use and no other alternative source.   

Normally, pollution of water occurs to surface supply (eg. river, Lakes) and ground 

water .As part of these water resources destroyed by pollution, forces users to turn 

elsewhere or reduce the consumption. 
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Pollution from urban to water bodies may result from different sources such as 

industries effluent, agro-chemical runoff fields, and casual disposal of human 

excreta or release of insufficiently treated sewerage from municipal works. 

 

2.8:  Loses of water through Supply system. 

Where all supplies are metered the apparent loss, or unaccounted for water is the 

difference between the total metered input to the system and the total supplied as 

measured by consumers; meters. If the metering system is accurate, unaccounted for 

water in this case excludes consumer wastage and leakage (which will be measured 

and sold via consumers ’meters) but in practice the unaccounted for water will 

include under registration of consumers metered and water taken through unmetered 

connections. 

In practice  total loses may vary from 5% to 55% or more of the total supply and 

assuming the source input meters are correct, the three elements of total loses are as 

follows: 

(1) Service reservoir leakages and overflows 

(2) Leakage from distribution mains and service pipe connections 

(3) Leakages and wastage on consumers premises or (in the case where domestic 

supply are metered) all under - recordings of water supplied due to faulty 

meters or meter reading ,illicit or unmetered connections, and other water 

usage that has been allowed for, such as wastage from public standpipes and 

unmetered consumption for watering public gardens, public office etc (Twort 

A.C.et.al,1985) 
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2.9: Chlorination of Water for Treatment  

The term disinfection is used, meaning the reduction of organisms in water to such 

low level that no infection of diseases results when the water is used for domestic 

purposes including drinking. The common disinfectants used are  

(1) Chlorine,Cl2 

(2) Chloromine,NH2Cl 

(3) Chlorine dioxide,ClO2 

(4) Ozone,O3 

The organisms in water which it may be necessary to kill by disinfection include 

bacterial, bacterial spores, viruses, cysts, and protozoa, the last being low forms of 

animal life such as worms and larvae. The resistance of this organisms to process of 

disinfection varies according to the type and subtype of organism present, the type 

of disinfectant used and the form in which it is used, the number of organism 

present, the physical and chemical characteristics of the water (principally 

temperature, amount of suspended solids and organic matter present, and pH), the 

amount of disinfectant applied, and the time period for which the disinfectant is 

applied. 

 

2.9.1: Effect of Turbidity and organic matter in Chlorination Efficiency 

Sometime found advantageous to apply chlorination at more than one stage in the 

treatment of water, the first stage is then referred to as pre-chlorination, especially 

when applied before coagulation and filtration treatment. The effect of organic 

impurity and of turbidity as well as ammonia in the water is to make it difficult to 
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obtain free residual chlorine. It is always necessary; therefore, that disinfection by 

chlorine or other agents is completed as a final stage in water which is free from 

turbidity. 

 

2.9.2: Effect of Presence of Metallic Compounds in Chlorination Efficiency 

Chlorine may be used to convert iron and Manganese in solution in the water in their 

higher states of oxidation which are insoluble in water .For that reason, removal of 

the iron and manganese is therefore desirable. 

 

2.9.3:  Effect of Low temperature in Chlorination Efficiency 

Low temperature causes delay in disinfection. The proved by notice the kill rate of 

bacteria between the temperature of 2 and 200 C both with free and combined 

chlorine. The difference in this two is noticeable as decrease in killing power takes 

place with lowering of temperature. 

 

2.9.4:  Effect of Contact time and pH in Chlorination Efficiency 

The percentage kill of bacteria depends upon the time of contact between the 

chlorine and bacteria. A contact period of less than 10 minutes would seldom be 

regarded as suitable for disinfection of a water supply, even in the highest doses 

applied in favorable circumstances. For disinfection by free chlorine acting in clear 

water, theoretical contact time of 30 minutes may be suitable. 



23 

 

Increasing pH reduces effectiveness of chlorine. For pH values up to 6.7 at least 

90% of the free available chlorine when ammonia is not present, comes from the 

hypochlorous acid HOCL. As the pH value rises the dissociation favours the 

production of hypochlorite ion OCL- so that at pH 9 and 0oC, only 4.5% of the free 

available chlorine is present as hypochlorous acid (Twort, et al,1985, pp 345). 

 

2.10: Water as Economic Good 

In the past most cities and utilities in the world have provided water to their 

customers almost free of charge because water is considered a basic necessity, and 

because water was a relatively cheap and abundant resource. But now with much 

larger communities  requiring service, the only way to ensure that everyone has 

access to this basic need is to ration it in some way. And perhaps the best way to 

utilize water to the best and most-valued uses is to put a price on water, and 

construct appropriate tariff structures to meet different social, political and economic 

goals in different situations (Twort, et al,1985) 

 

2.10.1: Objectives to be fulfilled when setting water tariffs 

A tariff can take many different forms. Each form or design will address a specific 

objective. The ‘‘best’’ tariff design for a particular community and situation is one 

which strikes the most desirable balance among the objectives that are important to 

that community (Boland, 1997). Consumers and suppliers of water have different 

expectations of water tariffs. Consumers like high quality water at an affordable and 

stable price. Suppliers like to cover all costs and have a stable revenue base. The 
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level and structure of fees for water and wastewater services have consequences far 

beyond these expectations. Water-related fees can be expected to generate revenue, 

improve efficiency of the supply and supplier, manage demand, facilitate economic 

development and improve public welfare and equity (Potter, 1994). The following is 

a list of objectives that different tariffs can fulfill. No one tariff design can meet all 

objectives. But the key is for the utility or community to identify the objectives most 

relevant to its situation. Some of objectives as cited from Boland (1997), OECD 

(1987, 1999a, c), Potter (1994), Howe (1997), and Wong (1999) are: 

 The tariff must maximize efficient allocation of the resource. 

 Water users should perceive the tariff as fair. 

 Rates must be equitable across customer classes. 

 They must bring sufficient revenue. 

 Provide net revenue stability. 

 The public must understand the rate-setting process. 

 Promote resource conservation. 

 Tariff-setting process should avoid rate shocks. 

 Be easily implemented. 

 Water must be affordable. 

 Rates must be forward looking. 

 The rate structure must attempt to reduce administrative costs. 

 Include environmental costs. 

 Not conflict with other government policies. 

 Water prices must also reflect supply characteristics like water quality, 

supply reliability, frequency of supply. 
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 Tariff structure must vary depending on consumption measurability. 

 More sophisticated rate structures may also account for daily peaks and 

seasonal variations in water demand. 

 

2.11: Staffing Level  

The number of staff and operatives employed to run a water undertaking varies more 

with the legal framework under which the undertaking operates than with the nature 

of technical functions to be performed. By and large the  field functions of an 

undertaking do not vary greatly from one undertaking to another, provided that the 

undertaking are of the same size and are direct suppliers of water to consumers and  

not bulk suppliers. The internal functions, however, vary according to the format of 

the undertaking. Number s employed tend to increase when the undertaking is only a 

part of the manifold activities of government and numerous internal routines must 

then be followed; numbers tend to decrease as the undertaking gains autonomy. 

Where a reasonable degree of autonomy pertains, as in the case of the water 

companies and  as usually occurs with the municipal or joint board authorities, the 

total number of employees is normally in the range of 60 to 100 per 100 000 

consumers served for undertaking supplying above 100 000 consumers. The median 

value is about 85 employees per 100 000 consumers served. Of this total number of 

employees, 50 to 60 per cent would be manual workers as distinct from the 

technical, financial, and administrative staff working in offices. 

Another measure of staffing level is the number of employees per 1000m 3 /day of 

water supplied. This appears to range from about 2.5 to 5.0 for the water companies 
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in the U.K, with a median value of about four. The higher ratio tends to occur in the 

more rural undertakings but not exclusively so (Twort et al 1985).  
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CHAPTER THREE  

METHODOLOGY 

3.1: Introduction  

This chapter is discussing the approaches which were applied to carry out this study 

in Kigoma/Ujiji Municipality. The study was to identify problems or factors which 

contributed to the shortage of water supply. To assess this situation, different 

information acquired such as (1) Population served, (2) Physical status of the system 

(condition of infrastructures) (3) Financial information (Billing, Accounting and 

Revenue collection), (4) Operation and maintenance costs and (5) Water demand 

and Supply capacity (6) Water tariffs and (7) Service coverage.   

3.2: Methodology and Data used 

3.2.1: Physical status (condition of the water supply infrastructures) 

Physical status of the system observed through surveying made in the intake to find 

its capacity to draw water, existing condition of sump well and to find how is it 

affected by location. From the intake which located along the shore of Lake 

Tanganyika, at Bangwe area, technology used to draw water was analyzed to 

identify problems that hinder the performance of the source. Photos made for 

existing feature and drawings used during construction of the intake were applied for 

desk work. 

In the distribution network, capacities of reservoirs were investigated together with 

size and length covered by distribution network. This performed on site through 

surveying of distribution network and by using drawings for more detail. 
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The quality of water assessed from the point of intake to the domestic or discharge 

point. The residual chlorine tested in different point to find how water ensured to be 

safe in the distribution system. 

 

3.2.2: Kigoma /Ujiji Population and its Demand  

Population of the Kigoma /Ujiji Municipality estimated from National household 

census book, 2002. The population recorded to be about 145,000 inhabitants. The 

Urban water demand is calculated considering per capita demand in urban with 

connection inside their house .Also considered other sectors which demand water in 

town like industries, commercial area, institution and kiosk. The demand estimated 

as per consumption in each category. For domestic uses, consumption per capita 

considered being about 130 l/day, Institution is 200 l/c/d, Commercial is 400 l/c/d 

and in kiosk are 25 l/c/dy. This consumption is according to Design Manual of 

Ministry of Water, Tanzania. 

Increase of population will also affect the water demand. The growth rate of 

Kigoma/Ujiji is 4.8% (URT ,2002). 

Also the Population projected using simple growth formula: Po )1( r+ n  

Where Po = Population at initial year 

             r = Growth rate 

             n = number of year ahead of estimation the population. 
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Demand estimated from population and other requirements involve in the 

community. The total demand per day obtained by multiplying water demand per 

capita and the population it serves. The summation of all demand per day should be 

divided by percent of effectively water used after deducting all loses in order to get 

gross demand. 

Water produced estimated from rate of pumps and working hour.  However, the 

pumps are no longer working as per manufacturer rate due to its old age, instead 

pumps calibrated in new rate using meter which was hired for short time from 

Arusha.  

3.2.3: Quality of Water Supplied 

The quality of water was analyzed from the point of intake to discharge point. In the 

intake it is necessary to identify the techniques used in preventing debris and other 

unwanted material to enter into the system. Also other surrounding factor or 

activities which contribute in polluting water near the source were examined through 

serious surveying. To determine the quality of supplied water, sample where taken 

from different points in town to check the residual chlorine in water since the only 

water treatment method observed to take place here is chlorination. At eight points 

from different area around the municipality, chlorine residual tested.  The other 

water quality test results obtained from KUWSA’s office as examined regularly in 

past years. 
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3.2.4: Financial status of water utility 

The performance of water Utility to recover the costs analyzed from deferent 

aspects. First, is the revenue collected and expenditure in particular time.  Second, 

quality of the service provided and the response of the customers to pay bills 

according to the service. Management and technology like billing system used were 

the key area to study. Staffing level also considered to measure the efficiency and 

performance indicators.  

The trend of all costs involved in operating and maintenance for different period of 

time taken as records from Water Authority’s office. These include costs used to fix 

leakages, to pay salaries, purchasing water treatment chemicals, paying electricity 

bill, car services, office requirements etc. Finding the right information were the 

tedious work as all data kept manually. No computer technology used to keep or 

prepare information concerning billing.   

3.2.5. Affordability and Willingness to pay 

The affordability and willingness to pay of customers undertaking through 

discussion with few of them especially water user group for those who posses kiosks 

or sharing domestic points. For individuals, affordability determined through living 

area or income level. For those who live in low income area and Medium income 

area have low affordability compare to those in high level income. As classified by 

KUWSA, unmetered customers fall in these area, charging rate vary from Tshs 3500 

to Tshs 7500. 
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Willingness to pay observed from the habit of pay their bills. This varies from one 

group to another depending on the quality of service they are getting. 

 

3.2.6: Social impacts caused by Water scarcity 

The health information obtained from Municipal Health Officer. This involves data 

water related and water borne diseases morbidity. Increase of diseases cases related 

with water deficiency from year 2000 to 2007.  Diseases discussed in this study were 

Diarrhea, Skin infection, Eye infection and Intestinal Worms. 
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CHAPTER FOUR 

RESULTS AND DISCUSSION 

4.1: Kigoma/Ujiji Population and Water Demand. 

According to National census 2002, the population of Kigoma/Ujiji, is about 

145,000 inhabitants with a growth rate of 4.8% per year. The population growth 

forecast anticipates a town population of about 211,000 in year 2010 increasing to 

about 427,000 by 2025. The current population demand about 27000m3 of water per 

day. Since the water supplied is very minimum with about 27% of the demand, it is 

obviously that not all people or customers getting the service. Customers almost are 

getting water through rationing which varies from one day to a week. The pipes 

domestic points are remaining without water. This is due to insufficient amount of 

water supplied which is not adequate even for the existing customers. 

Total Consumption = Sum of consumption per capita of each category. 

The Gross demand obtained by dividing the total demand by percent of effective 

water supplied. The effective water supplied can be obtained from the assumption 

that UfW is reduced to 20%, then water will be supplied 20% more to meet its 

demand even after all losses. 
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Table 4.1: Estimated Water Demand in Kigoma Municipality 

  Poppulation

Consumption

/capita 

(ltrs/c/d) 

Total 

Consumption 

/day (Ltrs/d) M3/day 

Household 

consumption 91281 130 11866530 11866.53

Institutional 

Consumption 11866 200 2373200 2373.2

Commercial Area 28706 250 7176500 7176.5

Kiosk 13000 25 325000 325

Total 144853   21741230 21741.23

Gross demand     27,176,537.5 27,176.5375

 

From the data of water supply, the situation found to deteriorate from year to year. 

The future demand seems to increase geometrically due to high growth rate of 4.8% 

and rapid expansion of urban which also increasing economic activities that require 

much water. In 2025, the demand of the area is expected to be more than three times 

of the current demand. Below is the production as compared to the same season for 

two years consecutively. The figure shows how water production was reduced from 

2006 to 2007. 
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Figure 4.1: Variation of monthly water supply in m3/day in 2006 and 2007. 
 

 Kigoma Urban Water Supply and Sewerage Authority (KUWASA) is the only 

entity responsible for supplying water in Kigoma/Ujiji Municipality. The entity was 

established in 1998. Up to now it has about 7602 Customers. Out of that, only 3274 

customers (43.1%) are metered.  However, the customers found are in five (5) 

categories as shown in the table below. Overall, 42.7% of household connection, 

38% of Institutional connections, 75.8% of commercial sites connections and 100% 

of Industrial connections were metered. While this figure seems impressive, it is 

important to note that the utility does not cover the whole municipality. 

 

 

 

 



35 

 

Table 4.2:  Customers Distribution in Categories 

Category Domestic institution Commercial Industrial Total 

Customers 7323 171 99 9 7602 

% 96.4 2.2 1.3 0.1 100 

Metered 3125 65 75 9 3274 

% 42.7 38 75.8 100 43.1 

 

4.1.1: Water Abstracted  

The only current source of water in use is Lake Tanganyika. The intake is located at 

Bangwe area within the municipality. The current water production is very small as 

measured in January 2008 and average to 7127m3/day (figure 4.2). This is about 

27% of the total demand of Kigoma/Ujiji. The water is mainly used in domestic, 

institutions, commercial   and in few industrial areas.  
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Figure 4.2: Daily Production in January 2008 

  

Table 4.3: Variation of  Demand and Supply Water from FY 2002/03 to 2006/07. 

Year  2002/03  2003/04  2004/05  2005/06  2006/07  

Demand 

m3/year  

8,900,000 9,490,000 9,490,000 9,490,000 9,490,000

Supply 

m3/y  

4,168,479 3,770,534 3,898,419 4,761,041 3,604,341

% Supplied 46.8 39.7 41.1 50.2  38.0

 



37 

 

 

Figure 4.3. Variation of Water Demand 

 

4.1.2: Coverage of Water Service 

The network distribution covered about 66.3% of the population of municipal area. 

This means, about 33.7% of the people in this town have no access to portable water 

supply. 

 

Figure.4.4: Total Population Covered by Water Supply in Kigoma Municipality 
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Table 4.4: Number  of Population Served to 2007 

Service Institutional Household Yard Tap Kiosk Total 

Total 

Population 

4485 98662 28706 13000 144853 

Pop. 

Covered 

4250 61465 22391 7930 96036 

Percentage 35.8% 62.3% 78.2% 60.6% 66.3% 

  

 

 

Figure 4.5: Population Covered  Categorically  
 

4.1.3: Uses of Alternative Sources of Water  

Since the water supply from KUWASA cannot meet the demand of the total 

population, other traditional sources used as a substitute for the deficiency or lack of 

water in different areas. These alternative sources used are traditional springs, 
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shallow wells and boreholes. Most of them are unimproved sources of water which 

are used by some people in the community of this town and bad enough the quality 

is not monitored. This situation contributes in the increase of water related diseases.  

However, the accessibility of this water sources somehow is limited since they 

require pumping and need high capital to reach many people. This is because they 

need mechanical or electric power to draw and supply water to the consumers which 

is not easily affordable. Kigoma has no reliable power supply since there is no 

national grid of electricity; instead, power generators are used to supply electricity. 

The power supplied by these generators can not fulfill the demand of the whole 

town, therefore power rationing becomes necessary. For this reason, even the 

production of water is much affected by availability of power. It should be noted 

also that, there is no source of water in Kigoma/Ujiji which can supply water by 

gravity system due to existing topography unless pumped to the high level storage 

tanks. 
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Figure 4.6: The Water Source Used by One of the Water User Group 
 

4.2: Physical status of Water Intake and Distribution System  

The water supply service in Kigoma/Ujiji covers only about 66.3% of the 

population. The distribution network  is about 190.8 km in length, a large part 

consist of old aged pipes installed since 1970’s and its size is small with a maximum 

of 350mm  which can not be compared to current demand or capacity required to 

meet the demand. When this infrastructure was constructed, the town had about 

35,000 people, but now the population is about four fold as well as water demand 

while the infrastructure is the same. From the intake point, there are a total of eight 

(8) pumps which are installed. Out of these, six pumps are at the source   in the Lake 

Tanganyika and other two are found at the booster station on a high level. Out of six 

pumps installed in the intake, only 3 are operating. For that reason, water supplied is 

very little compared to targeted capacity. Since there is no meter at the intake point 
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to measure the amount of water drawn, water production is only estimated according 

to pumping rate.  

However, the rate of production was not accurate as efficiency of the pump has 

decreased due to old age and increased of suction head due to extension of pipe 

made to recover dropping of water level of the Lake ( Figure 4.7 and figure 4.8) and 

the sump well are no longer working.   

 

Figure 4.7: Existing Condition of Intake 
When the intake was constructed, suction pipes were about 10 meters from the pump 

house but now they are over 40m. Also water from the lake was flowing by gravity 

to sump well but currently, no water is flowing to the sump well as the level of water 

in the Lake seems to be lower than minimum level of sump well (Figure 4.8). 
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Pump House          New extended pipe                        Previous  water level-774.4 

m.a.s.l 

 

                                                                                              Current water      level 

                            Sump well(not in use)                                           773 m.a.s.l 

                             

Figure 4.8: Schematic Diagram of Existing Intake 
 

The above situation increased the suction head by 1.4m which increases friction 

head and reduced pump efficiency. In distribution system, the type of pipes material 

used in the system is PVC and Cast Iron (CI). The maximum size of the pipe 

identified is with diameter of 350mm. This is observed through survey made around 

the water supply network in Municipal area. Furthermore, 14 storage tanks existed 

with total capacity of 4,038m3.  The leakages condition is worse regarding the old 

age of the system. The unaccounted for water (UfW) is reported to reach about 41%. 

Dropping of lake level was analyzed by considering its past years level. This also 

compared with variation of rainfall in the same years. 

 

4.2.1: Variation of Water Level in Lake Tanganyika. 

The level of lake seems to decrease as time goes. From the drawings used in 

construction of Kigoma/Ujiji water  intake located at Bangwe in 1970’s ,it shows 
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that, the lake water level during that time  it was  774.4m.a ms.l  while currently the 

water level at the same point of intake is 773.4m a.m.s.l. From 1977 to 2007 records, 

the highest water level observed in this Lake was in 1979 where it is recorded to 

reach about 775.3m a.m.s.l and the minimum value is in 2006 where the value was 

773.3 m .a.m.s.l. However, the trend shows the water level from 1979 to 2006 is 

decreasing but in 2007 it increased by 0.5m compared to previous year (figure. 4.9).  

 

Figure 4.9: Lake Level Variation, Source: Lake Tanganyika Basin Office 
 

4.2.2: Mean Annual Rainfall Variation   

The data of Lake water Level compared with Rainfall of different years from 1977 

to 2007.Only in few years the variation of lake level seems to vary with rainfall. 

This appeared from 2002 to 2005 where Lake level decreases with rainfall. For the 

remaining years, there is no relation of decrease of lake level and rainfall. In 2006 

when the lake had a minimum water level, the rainfall was found to be almost high. 
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In 1980, the rainfall was low with about 200mm per year but the water level seems 

to be high compared to other years.  

 

Fiugure 4.10: Rainfall Variation in one of the Station Near Lake Tanganyika  
 

From the data, it can not be concluded that decrease of water level is due to shortage 

of rainfall .However, rainfall is considered to be one of the factors which may have 

contributed to decrease of water level. Evaporation data for this area is not found to 

show its status relative to rainfall. But from other literature review or studies, it can 

be revealed that,  the rate of potential evaporation (2000mm) is higher than the 

rainfall almost throughout the SADC countries (Chenje, M & Chivasa M). 

  4.2.3: Condition of Pumps installed in the Intake  

 In the year, 2006, the capacity of pumps was recalibrated and new capacity of each 

was recorded as following. 
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Table 4.5: Capacities of Pumps Used in Water Intake in Kigoma/Ujiji Municipality 

Source Lake Tanganyika Intake Total 

 Pump 

I 

Pump 

2 

Pump 

3 

Pump 

4 

Pump 

5 

Pump 

6 

 

Design 

Capacity(m3/hr) 

190.83 234 190.83 234 250 NA 1099.66 

Present 

Capacity(m3/hr) 

NA 195 NA 195 220 NA 610 

 

The other shortfall in the intake is power rationing which does not allow the pumps 

to work for 24 hours a day. Full power supply with assumption of the all pumps 

working and at the same rate (610m3/d) would produce about 14640m3 /day. 

Currently pumps operate at an average of eleven (11) hours a day only and 

production is on average   6710m3/day (Appendix B).  

4.3: Recovery of Operation and Maintenance Costs       

In order to promote equity, efficiency and sustainability in water supply, water 

should be considered an economic good. This is to ensure prices; billing system and 

accounting process, are well operated and managed so that we can meet the goal. 

From this case study, billing and accounting services of KUWASA are still 

manually operated. The process leads to failure of billing and revenue collection. 

For that reason, the water authority seems to perform poorly as a result of having 

unsustainable water supply services. Good system of bills preparation, using 

computer system will improve process by providing clear information on the 
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customers and bills can be delivered on time. Implementation of such kind of a 

system, will promote efficiency in revenue collection.  

For provision of sustainable water supply services, there should be a recovering of 

all associated costs. The costs associated with the delivery of water supply are 

capital costs, operation and maintenance costs and cost for connecting customers or 

domestic points to the systems. The infrastructure (Capital costs) and connection 

costs are normally recovered through fees while operations and maintenance costs 

are recovered through tariffs. In this case study, revenues from water supply are low 

and no records are available and these factors often discourage people from paying 

for water supply and services thus affecting cost recovery. 

There are some common factors contributing to low cost recovery including high 

poverty levels, a history of free service policies, low service levels, lack of proper 

legislation, billing and management problems. 

The revenue collection may also be influenced by willingness of customers to pay 

their bills which depends on the quality of service they get. Also it may be due to 

lack of sensitization from supplies to pressurize the customers feel responsible for 

paying their bills on time. But for unmetered customers, this problem is worse than 

other places. Many complains reported nearly every month from unmetered 

customers and some refuse to pay their bills for the reason that they are not getting 

water for long period of time. Due to absence of meters, no proof to show if the 

customer’s complaints are true or false, otherwise they remain as loss to the water 

supplier. 
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Table 4.6: Status for Revenue Collection and Cost recovery for the Last Five Years. 

2002/03 2003/04 2004/05 2005/06 2006/07 
Cost for 

O&M 421,972,479

325,179,24

5

389,538,19

0

497,553,19

3 

502,319,10

7

Revenue 

Collectio

n 394,238,350

309,519,69

0

376,816,24

0

481,249,67

7 

493,948,93

6

% of 

Revenue 

Vs O&M 93.4 95.2 96.7 96.7 98.3

 

Figure 4.11: Revenue Collection and O& M Cost Variation 
 

4.3.1: Tariff Setting 

Setting of tariff depends on willingness to pay and affordability of consumers. The 

aim is to recover costs involved in provision of water service. The costs included 

operation and maintenance costs. In this case study, there are two major groups of 

tariff; for metered and non metered customers. 

Table 4.7: Tariff for Metered Customers 

Category Price in Tsh per m3 of water 

Domestic 300/= 

Institutional 450/= 

Commercial 600/= 

Industrial 600/= 
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Non-metered customers are charged by flat rates which also divided into three 

groups. They grouped according to their income level. The groups were defined 

basing on geographical routine. High income level group considered those resides 

along the main pipeline and mostly pass through official quarters. The low income 

group is those customers who are far away from main pipeline and they are rarely 

reaches by water.  

Table 4.8: Tariff for Unmetered Customers 

Group Price in Tsh. per month 

Low income  5200/= 

Medium income 6400/= 

High income 7500/=  

 

From this study, revealed that, willingness to pay varies among the groups. Those 

who get good service they are more willing to pay than others. One thing observed is 

that setting of tariff for unmetered customers is not exactly based on the income 

level of people residing there; but based on how often the area gets water. For 

example, high income level customers where the rate per month is Tshs.7500 are 

those located along the area where pipeline supplies water almost throughout a day. 

It is not that water rationing there frequently than other area but is because depend 

water from main pipeline used to take water to another storage tank. 

Affordability is another factor which exists among groups. High income groups are 

those seems to afford paying their bill. They are will to pay also because of good 
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quality of water service. Probably even those areas considered as low income areas, 

the tariff will change if the service improves.  

On the other hand, tariff used for the metered customers is sufficient to recover the 

costs involved in supplying water, provided that no management problems arise. 

 

4.4. Water Quality Status of the Existing Source and in distribution System: 

The sole source of Kigoma /Ujiji Urban Water Supply is Lake Tanganyika, situated 

at Kigoma bay. The intake is situated near the community and other economic 

activities which on other hand cause pollution to the source. The source is mainly 

polluted by sewerage originating from the police barracks, TANESCO generators, 

Magereza Camp (Prison) and the community in town itself. There is no other means 

of treatment applied except manual chlorination. 

 The water quality is monitored by KUWASA laboratory. Water from the intake 

pumped to the high level tanks. Dosing of chlorine is done manually where it mixed 

in one point and discharged to the tanks by small pipe (Figure 4.10). From the two 

tanks where dosing is takes place, water distributed to consumers and other reserves 

tanks located away from the source. 
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Figure 4.12: Dosing of Chlorine in the Storage Tank 
 

Checking of residual chlorine was traced in different places of the municipal where 

water is distributed as shown in figure below. The points were selected from 

different areas which are almost far from the application. 

 

Figure 4.13: Variation of Residual Chlorine at Different Location 
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From the above data for residual chlorine tests, is within the recommended limits as 

observed in each point. 

There are other bodies responsible for checking and controlling the quality of water 

in Kigoma Municipality. This is the Lake Tanganyika Basin Water Office. This is an 

external agent who counter checks the water quality in the distribution network. 

Lake Tanganyika basin water office is also responsible to control and manage water 

resources around the basin. This includes provision of water right to use water as per 

water act of Tanzania within the basins. Also basin water office is responsible to 

ensure sustainable management and control of basin catchment as well as to 

preventing pollution in water bodies. 

 From the intake point, strainers are used as a primary stage of treating water to 

ensure quality water and long life of pumps. They prevent entry of debris and other 

material which may go through. However, the strainer was found not to perform 

effectively as sometimes it is detached from the mouth of the pipe and allows debris 

to go in to the system. 

Routine analysis of some water quality parameters carried out to observe the quality 

of water. 

 

4.4.1 Bacteriological Water Quality Analysis. 

(1) According to bacteriological standards drinking water should not contain any 

faecal organisms. Origin and the presence of it should be considered as an 

indication of remote faecal pollution (Source: Twort A.C.et.al,1985) 
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Table 4.9: Results for Bacteriological Water Quality analysis  

S/N PARAMETER MAX.OBSERVED 

LEVEL 

MIN. 

OBSERVED 

LEVEL 

1 Total Coliforms per 100mls 

sample 

200 2 

2 Faecal Coliforms per 100mls 

sample 

14 2 

3 Faecal streptococci per 100mls 

sample 

138 2  

 

The total coliform counts estimate the number of bacteria of ‘coli-aerogenes’ group 

in a sample, these being both faecal and non-faecal origin. Also faecal coliform 

counts  estimate the  number of E.coli bacteria in sample. 

According to WHO standard on bacteria, quality applicable to disinfection treatment 

is only when total coliform bacteria per 100ml range from 0 to 50 and Faecal 

coliform bacteria per 100ml range from 0 to 20 in raw water. For treated water 

which is used for drinking, it should be free from any bacteria. Presence of such 

bacteria in the water as  shown in the table 4.9 above, may cause society to suffer 

from a variety of diseases which probably are taken through water. Example of 
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bacterial diseases which appeared to be common in the society although the exactly 

number of victims wasn’t recorded are; Cholera, Typhoid fever, Paratyphoid fever, 

bacillary dysentery and other water related diseases. Faecal Coliform presence 

indicates pollution by faecal contamination and gives advance warning that more 

serious pollution may follow after rains. Faecal Streptococci bacteria principally 

occur in the faeces of man and animals. 

4.4.2: Analysis of Physical-Chemical Parameters. 

Presence of metallic compounds in water can cause poor efficiency during 

chlorination as they oxidized by chlorine and become insoluble in water.  

Almost all the parameters tested under this group are found to be above 

recommended limit. Presence of elements in excess such as Nitrate indicates 

presence of agricultural activities taking place near the water source .Pollution in 

water sources occur due to fertilizers applied in the farm and during rain taken by 

runoff to the water body. Sulphates can come from several sources such as the 

dissolution of gypsum and other minerals containing sulphate. In this case as we 

have seen, pipes are too old and risk of installed cast iron pipes to wear is very high. 

Probably this is what increases concentration of this elements in water. The element 

is not harmful but undesirable on aesthetic grounds; it can impart a bitter taste when 

present in large amounts, making the water unpalatable.  
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4.5: The Social Economics Impacts Caused by Water Shortage   

The community found themselves relying on other sources of water which actually 

are not safe. This situation became major factor in promoting spread of water related 

diseases such as cholera, dysentery, typhoid etc. The cases of getting such kind of 

patients always reported in different hospitals in Kigoma/Ujiji although the exact 

figure was not available. Frequently occurring of this diseases, reduce the working 

power as it affect the health of human being.  

 

Figure.4.14: Variation of Water Borne and Water Related Disease in Kigoma/Ujiji 
 

Increases of patients of water related diseases are corresponding with the increase of 

water shortage.    Many cases reported for partients with diorhea and intestinal 

worms.This shows how people opt to use unsafe water due to existing 

shortage.Figure 13 shows the variation of water shortage in pecentage. 
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Figure.15: Variation of water shortage 
 

4.6. Analysis of Affordability and Willingness to pay by the Community. 

The community was found to be divided in two groups. First group are those who 

have access from KUWASA network and second are those who do not access piped 

water. Another  group  is that rely on other sources of water such as natural springs, 

boreholes and by direct fetching water from the lake for those who are nearby. The 

affordable and accessible water sources, are used even if water is not safe enough to 

be used for domestic purposes.  This is due to the fact that, even water kiosks owned 

by KUWASA may be far from some households or they may have no water at all. 

For that case, most of people waste too much time just looking for water. 

From the discussions made with different  people, show that those who  have no 

access to piped water supply have loose hope of getting water or connecting to their 

household, as they think even those who have connection,  are not getting good 
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services. In their view, they would like to form their own water associations or water 

groups so that they can operate their own water sources such as drilled boreholes. 

On other hand, some of those who are in connected in the KUWASA network didn’t 

show their willingness to pay as they complain that the services are poor. How can 

they pay for a service they didn’t receive? Unmetered customers in some areas, 

particularly with low and medium income, complain that they can stay even two 

weeks without water in their pipeline. Complaints from the metered customers are 

about billing. Most of the interviewed reiterated that it taken even three months 

without being asked or receiving their bills.  

From the above findings, it can be concluded that, the customers have no habit of 

going to ask for their bills and pay every month, unless they are asked to do so or 

put under pressure.  

There are about two Water User Associations in this area. They are for the natural 

spring in Nyakageni in Gungu Ward and in Rutale in Kitongoni Ward. Other small 

groups are formed by water users in other water sources, for example wells .This is 

used by ten to fifteen households organize themselves depending the number of 

households who are nearby and are willing to use that well. Their strategy is to 

maintain and make the source more sustainable. They achieve this by sensitizing the 

members to contribute in maintenance costs incase of any breakdown.  
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4.7: Governance and Institutional arrangement: 

4.7.1: Utility Level 

At the Utility level, staff management is key towards the performance of the Utility 

as well as improvement of water services. Lack of qualified staff and good 

management has contributed much to poor services. The working ratio of staff to the 

number of connections is important and common indicator used to check the utility 

performance. In this case, even if the increment of connections was small but 

number of staff increases that why the working staff to connection ration seems to 

remain constant. From year 2000, the utility is working with average staffing level 

of seven (7) staffs per thousand connections. From the study it was found that, even 

if connections were increasing, the staffs were increasing proportionally that is why 

staffing connection ratio remains constant (Table 4.10). 

 

Figure 16: Number of Connection as increasing in different areas of Kigoma 
Municipality  
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Table 4.10: Staffing level per ‘1000 connection 

2000 2001 2002 2003 2004 2005 2006 2007

Total connection 6077 7134 7648 8061 8413 8754 9120 9479

No. Of Staff 48 52 54 58 60 65 65 68

 No. Staff /1000 

connection 7.9 7.3 7.1 7.2 7.1 7.4 7.1 7.2

 

The other problem observed is lack of enough staff. Some sections or departments 

have few staff or some staff are not fit to their section depending on qualification of 

each.  For example, if an engineer works in the finance sector it is not a relevant 

section. To work in wrong places results in poor performance due to lack of relevant 

knowledge to execute the required job. It is recommended that, for better 

performance, employees to be allocated in the field of specialization. For instance to 

work in the finance department, are requires  to have enough knowledge on how to 

collect revenue from the customers, they know how to keep the records and even to 

balance the revenue and cost that they can advise the management on what to do 

either in tariff setting for cost recovery. 

4.7.2: National Level 

The Government through Ministry Water and Irrigation (MoWI) uses the organs 

formed  in different classes to control and harmonize the water issues in the regions 

and districts. Basin offices and urban water supply and sewerage authorities are 
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common ministry’s organs which usually used to provide water service to the 

community .The responsibility of government is to provide funds and experts for all 

water works such as construction of water infrastructure. 

Also at national level, water policies, regulation and legislation are formed to control 

and manage water sources. If a water course within the boundary is found to have 

effect on another state either upstream or downstream, it should comply with the 

international or regional principles or laws. At this point, the Ministry of Water and 

Irrigation through Lake Tanganyika Basin Water Office controls and manages water 

sources in Kigoma/Ujiji as well as  ensures use or draw of water from Lake 

Tanganyika This is done within agreements or rules guiding it nationally, regionally 

or Internationally. To promote fairness in how water used and managed peaceful 

within the basin, Helsink Rule, SADC water protocol on shared water resources and 

other international agreement have been adopted by all countries of SADC to share 

transboundary water resources.  

 4.7.3: International and Regional Level 

Lake Tanganyika as one of transboundary water bodies falls within the region of 

SADC countries, international water laws and principles applied to whoever uses 

water from it.  KUWASA is one of them .The riparian countries sharing this water 

body are Tanzania, Democratic Republic of Congo, Zambia and Burundi.  

SADC countries and other countries have a number of International protocols but 

the most common used is Helsinki rule which was enacted in 1966 by International 

Law Association. The central principle of Helsinki Rules is that each basin state is 
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entitled within its own territory to a reasonable and equitable share in the beneficial 

uses of the waters of a drainage basin. These rules have been agreed by SADC 

members as it is found to be very useful and they are normally included in the terms 

of agreement of river basin institutions.  

Helsinki rules are principles and not fixed rules which are law unto all. These rules 

provide only guidelines that can help to prevent confrontation between the basin 

states and enhance a spirit of cooperation and understanding between the various 

parties. The other principles which involve the Helsinki rules are: 

 Riparian States have the right to use the water of shared river systems 

 States should not claim the water which it cannot use 

 No country has right to deny the another state the use of shared water 

 Each riparian state is entitled to an equitable and reasonable share of 

the water (Peter Zhou,2004 ) 

In this case study, uses of water  from Lake Tanganyika based in the first principle 

of Helsinki rules where Tanzania as one of riparian state has this right to use the 

water. 

4.8: Strategy of Kigoma/Ujiji Urban Water Supply and Sewerage Authority 

(KUWSA) as per Memorandum of Understanding with Municipal Council 

 

By 2020, the total number of connection expected to increase to about 18,000 of 

which some 17500 will be for household customers and 3700 connection to 
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sewerage system of which 3,450 will be to households and 250 to non-household 

customers. 

Memorandum explains the following goal should be achieved to meet the demands 

for water and wastewater services by 2020. 

(a) Operational Improvements:  

Reduction of UfW to 25% of water production or less.  Provision for installation of 

about 2,500 new/replacement   meters per year  

(b) Water production:  

Re-construction of the intake on Lake Tanganyika and    associated pumping station, 

chlorination facilities and transmission main. This may involve reconstruction of the 

existing site or at a new location and possibly, separate intake for Ujiji. 

(c)  Water Distribution:                  

 Additional 6,700m3 of storage,160 km of new distribution mains and about 11,000 

new consumer connections. 

(d) Wastewater System:                

Approximately 60km of new sewers, 3700 new connection and the construction of 

treatment plant. 
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4.9 : Performance of KUWSA 

The utility expected to increase connection of sewerage but still no sewerage system 

has been implemented. Either, the water supply connection expected to be increased 

to 17500 by 2020, but due to poor services of water, other customers are 

disconnecting from the system. Currently there are only 7602 connected customers 

who are active. 

The utility planned to fix or replace 2500 new meters per year but it failed to meet 

this objective due to financial constraint and low revenue collection. Construction of 

new intakes, extension of distribution network and increasing storage tanks has not 

yet been implemented. In general very small effort has been applied towards 

achieving this goal. 

. 
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CHAPTER FIVE  

CONCLUSIONS AND RECOMMENDATIONS  

5.1: Conclusion 

In this study it was found that, the water shortage is mainly caused by technical and 

managerial problems involved in the supply system. Dropping of water level in the 

intake is one of the technical problems which is obviously caused by dropping of 

water level in the Lake. Lake Tanganyika is one of those lakes facing the problems 

of dropping water level in Africa. The data shows that, from 1977 to 2007 the level 

of water in the intake has dropped by 1.4m. The intake failed to draw water to the 

designed capacity due dropping of water level. Before, water was flowing to the 

sump well by gravity. Currently, water can not flow to the sump well since the water 

level in the lake is below the pipeline which was taking water to the sump well. 

Another technical problem observed is inefficiency of pumping units. From the 

sump well, about six pumps were drawing and pump it to the storage tanks in high 

level which is 150m above the sump well level. Due to number of factors involved, 

currently is only three pumps are in operation. Existing intake and pumps installed 

since 1950’s. For that reason, pumps units are too old to perform efficiently. Also 

due to failure of sump well, pipes extended to draw water directly to the existing 

level of water in Lake. This alternative has increases the suction head of the pump as 

well as suction distance which increase the friction (Appendix F).  This alternative 

has reduces the pumps’ efficiency as well as to increase rate of wearing of pumps 

due to increase of suction  head and suction distance  which is not comply with the 

specification or designed capacity of pumps. 



64 

 

The shortage of water is also caused by old age of distribution system. The high 

percentage of unaccounted for water (UfW) is due to leakages in the distribution 

system. Currently the value of Unaccounted for Water is estimated to be 41%. Lack 

of reliable power supply found to contribute also in reducing water supply. The 

study concludes that, pumps operate only for average of eleven (11) hours a day. 

The power problem is regional problem as this region is not connected to the 

National Power Grid. The study found that, total present capacity of pumps is 

610m3/hr. This capacity would raise the supply to about 56% (14640m3/d) of a 

demand if power would be there full time.  

From managerial part, problem found is poor billing system, low revenue collection 

and lack of qualified staffs.  The staffing level of Kigoma/Ujiji Water supply 

Authority as only utility responsible to provide  water supply service in this town, is 

less than recommended level of ten (10) employee per thousands connections or 100 

per 100,000 consumers. The study show that, staffing level averaged at seven (7) 

staff per thousand connections. Also the responsible organs like Ministry of Water 

and other bodies are not yet put their effort to support the utility financially and 

technically by providing funds and experts. Funds would be required to construct 

new infrastructures or refurbishment of the system. Also experts would be there to 

ensure proper management water and implementing proper method of collecting the 

revenues to make the system more sustainable. Currently the utility manage to 

collect very small revenue from the water service compared to the cost involved.  

The ratio of revenue collection versus operation and maintenance costs is 96%. The 

main causes of poor revenue in this utility are: 
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 Small amount of water billed.   

 Manually billing which does not promote efficiency in billing. 

 Poor water service which discourage the customers to pay their bills. 

 

Improvement of water supply service and proper institutional arrangement will 

increase supply by making the customers satisfy with the service to increase their 

willingness to pay. Also sensitization is required among the customers to insist them 

paying their bills and to provide penalty to those fail to pay their bills. From the 

study, revealed that some customers not paying their bills because are not satisfied 

with the service provided and others not pay because no any penalty mentioned for 

them.  

 The above mentioned factors found to deteriorate the water supply service instead 

of improving it. The level of supplying water is decrease as observed  in 2005 were 

the supply was 51% of demand, 2006 drop up to 38% and as measured in the 

beginning of 2008, supply dropped to 27% of demand.  

 

5.2: Recommendation 

5.2.1: Construction of Water Intake: 

The dropping of water level is mainly due to hydro-climate effect which needs 

further study. Since the existing Intake is under efficiency to draw enough water that 

meet the town demand, there is need for visibility study and design of a new intake. 
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Construction of new intake require intensive study  which involve finding of proper 

location of new intake that  can’t  affected  dropping of water level Lake. This study 

recommends construction of new intake and reconstruction of existing one. The new 

intake should be constructed in Eastern part of Vamia hill (Burega) with new storage 

tank at Kilimahewa. This intake will purposely serve the following areas: 

Kilimahewa, Maweni, Burega Part of Mlole, Buzebazeba, Ujiji, Mrubani, Lake 

Tanganyika Stadium, Rutale, FFU, Airport, Kagera and Buhanda/Businde. 

On other hand, recommended to reconstruct the existing intake which will involve 

refurbish of infrastructure and pumping system. Reconstruction of existing intake 

will supply water to the following areas. Kigoma, Mwanga, Part of Mlole, Mji 

Mwema, Katubuka, Bangwe, Kamara, Kibirizi Gungu, Kalalangambo, Bushabani, 

Nondwa hill, Kahabwa, and Butunga. 

 

 5.2.2: Rehabilitation of Distribution and Pumping System. 

The distribution system requires rehabilitation by replacing the system with new 

pipes. The system will require the pipe with big size than the existing one of 14 

inches. This will carry more water in the short period of time. Replacement of new 

pipes and full metering of customers will reduce if is not to eliminate the leakage 

problem as the result of reducing the problem of water shortage. The 44% of 

customers who metered should be increased to at least 90%. 

Since the existing pumps are too old need replacement probably with high capacity 

ones which can supply much amount of water even if pumps run for few hours. 
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Since the availability of power is still a problem which can not fixed by water utility 

itself, then installation of  large capacity pumps which can work at least  ten hours a 

day and meet the demand is recommended. The study propose that the existing 

pumps (six pumps) should be replaced with capacity of at least 2600m3/hours 

(Average of 435m3/h each). 

5.2.3: Power Supply 

The shortage of power in Kigoma is long term problem to be solved by the 

government by connecting the region to the National Power Grid. While waiting for 

the government effort, the water utility itself should purchase one of power 

generator that can be applied in the water intake. Full time availability of power will 

increase supply to the extent that shortage will decrease in high magnitude. 

5.2.4: Management Problem 

Lack of qualified staff in different section especially commerce is another area 

recommended that the qualified staffs should be employed. This will improve the 

revenue collection and billing system. KUWSA use manual bill which involves 

problems like inaccessibility of data in time, over manning level, serious error and 

expenses in bill preparation and poor retrieval of data. Implementation of other 

method like VYEMA (Visualized Yielding for Efficient Management and Analysis) 

tool, proposed as it proved to replace manual bill in other places and it has result to 

good efficiency. Ministry of Water and Irrigation in collaboration with Mbeya 

Regional Secretariat has implement this tool in Tukuyu Urban Water Supply and 

Sewerage Authority and reported to have good performance. 
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The revenue collection found to be lower than the cost of operation and 

maintenance. The strategies to improve revenue should be formed. The tariff used 

are in proper setting which can meet the costs if are well implemented. Increase of 

metering is one of the goal to achieve and which can raise revenue .By taking 

example of supplied water and revenue collected in last two year 2005/06 and 

2006/07. If we consider our customers to be domestic water users as it comprise 

about 96% of all customers, the rate per cubic meter of water is Tshs. 300. If all 

customers were metered, and 30% of water supplied counted as UfW, then remained 

billable water would earn the Authority Tshs. 756,971,610 in 2006/07 which is 53% 

more than the actual revenue collected. Likewise, in the year 2005/06 basing on the 

same criteria, Authority would earn Tshs. 999,818,610 which is 107% more than 

actual revenue collected. From that, we recommend full metering as a key toward 

financial sustainability and reduction of unaccounted for water (UFW). The increase 

of revenue will enable the Authority to sustain itself i.e to pay staff salaries, wages, 

operate and maintain the water system and thereafter to rise to category of grade A. 
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APPENDICES 
Appendix A1: Different Indicators of performance in KUWSA  

A FINANCIAL INDICATORS  
i Operating costs as percent of operating revenue 107% 
ii Own source revenue as percent of total expenditure 92% 
iii Electricity bill as percent of expenditure 45% 
   
B PERSONNEL INDICATORS  
i Personnel expenditure as percent of revenue 40.4% 
ii Number of employees for 1,000 connections 10 
iii Percent of female employees against total employees 24% 
iv Percent of female supervisors against total employees 7.5% 
v Percent of vacant posts against total posts 6% 
vi Percent of support staff to core staff 40% 
vii Percent of staff under contract (Senior Management 

Team) 
50% 

   
C INDICATORS RELATED TO DATA BASE  
i Customers records  maintained and updated   Yes 
ii Computerized billing in place No 
iii Computerized  accounting in place No 
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Appendix B1: Daily variation of Water Supply in January 2008. 

DATE SOURCE PUMPING UNITS HOURS TOTAL 
  1 2 3 4 5 6     
      
1.1.08   2418 0 2412     8 4830 
2.1.08   2790 0 3618     11 6408 
3.1.08   1860 0 2010     7 3870 
4.1.08   2976 0 3618     11 6518 
5.1.08   2790 0 2613     9 5403 
6.1.08   2976 0 3216     11 6192 
7.1.08   2232 1800 3015     9 7047 
8.1.08   1116 900 1809 5 3825
9.1.08   2790 1620 3216 10 7626
10.1.08   1116 1080 3216     7 5412 
11.1.08   3162 1620 2814     10 7596 
12.1.08   3162 1260 3015     10 7437 
13.1.08   1116 1620 2814     7 5550 
14.1.08   2604 2880 2412     11 7896 
15.1.08   3534 3420 3015     13 9969 
16.1.08   3348 2160 2412     11 7920 
17.1.08   2976 2700 3216     12 8892 
18.1.08   3720 1440 3618     12 8779 
19.1.08   3162 1440 3417     11 8019 
20.1.08   3162 2340 2613     11 8115 
21.1.08   3348 2880 3015     12 9243 
22.1.08   3534 2160 3618     12 9312 
23.1.08   3534 3600 3618     14 10752 
24.1.08   3534 1440 3819     12 8793 
25.1.08   3348 1440 2412     10 7197 
26.1.08   2976 1440 3216 10 7632 
27.1.08   2046 2160 2814     9 7020 
28.1.08   744 1260 2613     6 4617 
29.1.08     2340 3216     7 5556 
30.1.08   2790 180 3819     9 6789 
31.1.08   3162 0 3417     9 6579 
 Total   82026 45180 93666     306 220794 
 Average           9.87 7122.38 
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Appendix B2: Daily Variation of Water Supply in February 2008 

DATE SOURCE PUMPING UNITS HOU
RS 

TOTAL 

  1 2 3 4 5 6     
      
1.2.08   2604 540 3819     9 6963 
2.2.08   3534   4020     10 7554 
3.2.08   3348   3819     9 7167 
4.2.08   2790 1620 3717     10 8127 
5.2.08   3534 3600 3618     14 10752 
6.2.08   2976 2160 3216     11 8352 
7.2.08   2976 2880 3216     12 9072 
8.2.08   3534 3420 4020     15 10974 
9.2.08   3534 2700 3717     13 9951 
10.2.08   3534 2700 3618     13 9852 
11.2.08   3162 2520 3717     12 9399 
12.2.08   3534 3420 3819     14 10772 
13.2.08   3534 3420 4020     12 10974 
14.2.08   3348 1800 3618     12 8766 
15.2.08   2976 1080 3216     12 7272 
16.2.08   3348 2340 3618     12 9306 
17.2.08   2790 360 3015     5 6165 
18.2.08   3162 2700 3618 13 9480
19.2.08   3162 180 3819 9 7161
20.2.08   2604 620 2814     8 6030 
21.2.08   3720 1800 4020     13 9540 
22.2.08   3534 1980 3819     12 9331 
23.2.08   3534 360 3819     10 7711 
24.2.08   3162   3717     9 6874 
25.2.08   2976   3216     10 6192 
26.2.08   3534   3216     12 6750 
27.2.08   2976   3618     11 6594 
28.2.08   3348   3618     11 8586 
29.2.08   3348 1620 4020     13 10068 
    94116 43820 105117     326 245735 
 Averag
e           11.24 8473.621 
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Appendix B3: Daily Variation of  Water Supply from May to August 2006  

 

DATE SOURCE PUMPING UNITS HOURS TOTAL 

  1 2 3 4 5 6     
      

5/1/2006 2380 4162 0 4575 4162 Nil 20 15279 

5/2/2006 2460 4162 0 4575 4162 Nil 20 15359 
5/3/2006 1771 2737 0 4095 3762 Nil 16 12365 
5/4/2006 1790 3126 0 4493 4131 Nil 17 13540 

5/5/2006 141 4141 0 2914 4192 Nil 16 11388 
5/6/2006 68 3157 0 4703 4151 Nil 14 12079 
5/7/2006 0 3137 0 4563 3977 Nil 14 11677 
5/8/2006 0 3106 0 4750 3977 Nil 18 11833 
5/9/2006 0 3352 0 3124 4131 Nil 17 10607 

5/10/2006 0 1056 0 3393 3106 Nil 12 7555 

5/11/2006 0 1671 0 3779 3311 Nil 13 8761 
5/12/2006 1121 3772 0 4013 3782 Nil 15 12688 
5/13/2006 1421 3116 0 3826 3085 Nil 15 11448 
5/14/2006 0 3946 0 4797 3321 Nil 19 12064 
5/15/2006 1611 4162 0 4762 4141 Nil 18 14676 
5/16/2006 1624 3772 0 4107 3916 Nil 17 13419 

5/17/2006 1784 3362 0 3873 2932 Nil 15 11951 
5/18/2006 1421 4151 0 4750 4100 Nil 18 14422 
5/19/2006 0 1958 0 4458 3782 Nil 16 10198 
5/20/2006 0 4213 0 4540 3977 Nil 20 12730 
5/21/2006 0 3936 0 4306 3700 Nil 19 11942 
5/22/2006 0 4305 0 4739 4121 Nil 20 13165 

5/23/2006 0 4182 0 4750 4141 Nil 20 13073 
5/24/2006 0 4151 0 4703 3998 Nil 20 12852 
5/25/2006 0 4151 0 3627 3777 Nil 18 11555 
5/26/2006 0 4305 0 4551 3895 Nil 20 12751 
5/27/2006 0 4131 0 4259 3998 Nil 19 12388 
5/28/2006 0 4305 0 4680 4162 Nil 20 13147 

5/29/2006 0 4305 0 4493 4151 Nil 20 12949 
5/30/2006 0 4315 0 491 4141 Nil 14 8947 
5/31/2006 0 4305 0 2340 4141 Nil 17 10786 

TOTAL 17,592 112,650 0 127,029 120,323 Nil 537 377,594 

Average             17.323 12180.5 
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DATE SOURCE PUMPING UNITS HOURS TOTAL 

  1 2 3 4 5 6     

1.6.06         -     4,141           -    2,340     4,100 Nil 20      
10,581  

2.6.06         -     4,008           -    4,259     2,768 Nil 17      
11,035  

3.6.06         -     4,192           -      ,872       ,131 Nil 16      
10,195  

4.6.06         -     4,356           -           -      4,213 Nil 14        
8,569  

5.6.06         -      3762           -           -      3,588 Nil 18        
7,350  

6.6.06         -     3,588           -           -      3,577 Nil 17       7,165 
7.6.06         -     4,182           -    1,977     3,987 Nil 16     10,146 
8.6.06         -     4,203           -    4,072     4,151 Nil 19     12,426 

9.6.06         -     3,772           -    3,803     3,557 Nil 17     11,132 
10.6.06         -     4,305           -           -      4,182 Nil 21       8,487 
11.6.06         -     3,803           -           -      3,700 Nil 18       7,503 
12.6.06         -     3,998           -    2,235     3,957 Nil 16     10,190 
13.6.06         -     4,431           -    2,679     3,957 Nil 17     11,067 

14.6.06         -     4,162           -    4,914     4,131 Nil 20     13,207 
15.6.06         -     4,203           -    4,703     3,998 Nil 20     12,904 

16.6.06  1,046   4,100           -    4,680     4,162 Nil 17     13,988 

17.6.06     252   1,476           -       480     3,085 Nil 7       5,293 

18.6.06  1,248   2,952           -    2,855     4,182 Nil 14     11,237 

19.6.06  1,279   2,973           -    4,563     4,100 Nil 16     12,915 
20.6.06         -     3,352           -    4,259     3,485 Nil 17     11,096 
21.6.06         -     2,358           -    2,925     2,891 Nil 13       8,174 
22.6.06         -     3,301           -    4,060     3,178 Nil 16     10,539 

23.6.06         -     4,326           -       328     4,192 Nil 14      8,846 
24.6.06         -     2,358           -           -      4,162 Nil 16       6,520 

25.6.06         -     3,116           -    2,410     5,012 Nil 17     10,538 

26.6.06         -     2,337   1,863         -      4,151 Nil 14       8,351 
27.6.06         -        625   3,618         -      4,141 Nil 14       8,384 

28.6.06         -     1,753   3,294         -      4,121 Nil 16       9,168 

29.6.06         -      1,107    3,780      983      4,162 Nil 13     10,032 
30.6.06         -        923   3,258  3,381     3,905 Nil 14     11,467 

TOTAL    3,825  98,163   
15,813 

 63,778  
116,926 

Nil 484     
298,505  

Average             16.13 
        
9,950  
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DATE SOURCE PUMPING UNITS HOURS TOTAL REMARK
S 

  1 2 3 4 5 6  %
        

1.7.06   3998 3483 4247 3967 Nil 19 15695 60%
2.7.06   3280 3636 5050 3987 Nil 20 15953 61%
3.7.06   3280 1885 3510 2921 Nil 13 11596 45%
4.7.06   3987 3321 4516 4100 Nil 19 15924 61%
5.7.06   1466 2610 3358 2081 Nil 12 9515 37%
6.7.06   3280 3141 2387 1948 Nil 13 10756 41%
7.7.06   1497 1287 1697 1456 Nil 7 5937 23%
8.7.06   1937 3078 3767 3116 Nil 14 11898 46%
9.7.06   3936 2160 4505 3998 Nil 17 14599 56%

10.7.06   3987 1260 4540 3926 Nil 16 13713 53%
11.7.06   4505 2610 4739 4100 Nil 14 15954 61%
12.7.06   3290 2232 4271 3946 Nil 16 13739 53%
13.7.06   3383 3474 4505 3905 Nil 19 15267 59%
14.7.06   3321 3267 4317 3690 Nil 18 14595 56%
15.7.06   1937 3078 3767 3116 Nil 14 11898 46%
16.7.06   3741 2412 3779 3516 Nil 16 13448 52%
17.7.06   3700 2394 4060 3793 Nil 17 13947 54%
18.7.06   1466 2610 3358 2081 Nil 12 9515 37%
19.7.06   4110 963 4680 4192 Nil 16 13945 54%
20.7.06   1497 1287 1697 1456 Nil 7 5937 23%
21.7.06   3782 2412 4216 3987 Nil 19 14397 55%
22.7.06   3547 2394 4103 3342 Nil 17 13386 51%
23.7.06   2696 2925 4003 2962 Nil 15 12586 48%
24.7.06   3290 963 4040 3957 Nil 18 12250 47%
25.7.06   4305 3078 4083 4162 Nil 21 15628 60%
26.7.06   2696 2925 4093 2962 Nil 15 12676 49%
27.7.06   1937 3078 3767 3116 Nil 14 11898 46%
28.7.06   2696 2925 4093 2962 Nil 15 12676 49%
29.7.06   1466 2610 3353 2081 Nil 12 9510 37%
30.7.06   2696 2925 4083 2962 Nil 15 12666 49%
31.7.06   1937 3078 3767 3116 Nil 14 11898 46%

TOTAL 0 92,646 79,501 120,351 100,904 Nil 474 393,402 49%
Averag
e             15.29 12690   
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DATE SOURCE PUMPING UNITS HOUR
S 

TOTA
L 

REMARK
S 

  1 2 3 4 5 6       
        
1.8.06   3752 2943 4247 3516   17 14458 56%
2.8.06   2768 2565 281 2511   10 8125 31%
3.8.06   3526 2412   2942   15 8880 34%
4.8.06   4100 3483   3936   20 11519 44%
5.8.06   3977 3600   3977   20 11554 44%
6.8.06   3157 2610   2255   14 8022 31%
7.8.06   3383 2520 2211 2757   13 10839 42%
8.8.06   2973 2790 3744 2347   14 11854 46%
9.8.06   4100 2592 3978 2973   16 13643 52%
10.8.06   3557 2574 3744 2306   15 12181 47%
11.8.06   3711 1692 4107 3178   15 12688 49%
12.8.06   3895 2394 3147 3577   16 13013 50%
13.8.06   4121 3096 4446 2368   14 14031 54%
14.8.06   3926 2574 3826 2942   16 13268 51%
15.8.06   2911 1854 4446 1732   13 10944 42%
16.8.06   2870 1710 3803 2101   13 10484 40%
17.8.06   3137 1980 2668 2747 13 10532 41%
18.8.06   441 3312 4282 2142   12 10177 39%
19.8.06     2706 2214 2665   10 7585 29%
20.8.06   2552 2340 2902 2870   13 10664 41%
21.8,.06   2942 405 2691 2286   10 8324 32%
22.8.06   4121 1863 3288 3485   15 12757 49%
23.8.06   4162 3474 4703 3987   20 16326 63%
24.8.06   3782 3285 4762 2911   18 14740 57%
25.8.06   3741 2412 4469 2542   16 13164 51%
26.8.06   3731 3150 4692 3731   18 15304 60%
27.8.06   4719 2880 4076 3909   19 15584 60%
28.8.06   3577 1883 4039 3087   15 12586 48%
29.8.06   2358 3312 4540 3957   17 14167 54%
30.8.06   4203 3303 2574 3690   17 13770 53%
31.8.06   4162 3483 4914 4100   20 16659 64%

Total   
1E+0

5 81197
9879

4 93527 474 377842 47%
Averag
e             15.29

12188.
5   

 

 

 

 

 



81 

 

Appendix B4: Daily Variation of Water Supply from May to August 2008 

DATE SOURCE PUMPING UNITS HOURS TOTAL 

  1 2 3 4 5 6     
      
1.5.07            2,976          738            3,618              10        7,330 
2.5.07            2,046       1,150            3,648              10        6,844 
3.5.07            2,418          738            2,211                8        5,367 
4.5.07            2,976          369            3,618                9        6,963 
5.5.07            2,790               3,819                9        6,609 
6.5.07            3,348               4,020              10        7,368 
7.5.07            2,046               3,417                7        5,463 
8.5.07            1,860               3,618                7        5,478 
9.5.07            2,232          861            2,010                7        5,103 
10.5.07           2,790     1,845           3,819         12       8,454 
11.5.07              930        246           2,814           5       3,990 
12.5.07            3,213               3,819                9        7,032 
13.5.07            2,046          861            3,417                9        6,324 
14.5.07            2,790          123            3,819                9        6,732 
15.5.07            2,790          252            2,613                8        5,655 
16.5.07            2,892          246            2,633                8        5,777 
17.5.07            3,348       1,144            4,020              12        8,512 
18.5.07            2,976          861            4,020              11        7,857 
19.5.07            3,590               2,824                8        6,414 
20.5.07            3,748               3,085                9        6,833 
21.5.07            3,162               3,216                8        6,378 
22.5.07            2,976               3,216                8        6,192 
23.5.07            3,395               3,849                9        7,244 
24.5.07            3,590               2,825                8        6,415 
25.5.07        129           3,804               4,080              11        8,013 
26.5.07            3,534               4,020              10        7,584 
27.5.07            3,906               4,080              11        7,986 
28.5.07       781           3,562           3,457         11        7,800 
29.5.07       633           3,348           3,719         10        7,699 
30.5.07     1,722           2,976               3,618              12        8,316 
31.5.07     1,845           3,720            -               4,020              14        9,585 
Total     5,110         91,778       9,434        106,962         -          -          289    213,317 
Average                       9        6,881 
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DATE SOURCE PUMPING UNITS HOURS TOTAL 

  1 2 3 4 5 6     
      
1.6.07 2414 3534   4020     14 9768 
2.6.07 984 3534   4020     9 8538 
3.6.07 529 2660   3628     9 6817 
4.6.07 369 744 3216 6 4329 
5.6.07 141 2288 567 3075 8 6071 
6.6.07   744   3819     6 4563 
7.6.07 1676 2790   3618     11 7884 
8.6.07   2976 1620 3216     10 7812 
9.6.07   3162 540 4020     10 7722 
10.6.07   3720 2880 4221     14 10821 
11.6.07 615 2790 3060 3819     14 10284 
12.6.07 492 1674 1620 2814     9 6600 
13.6.07   3534 3420 3819     14 10773 
14.6.07   2790 1260 3417     10 7467 
15.6.07   4278 360 3015     8 7653 
16.6.07   3348 180 3618     9 7146 
17.6.07  3534 4020 10 7554
18.6.07   3348 540 2814     9 6702 
19.6.07 984 2418   3618     10 7020 
20.6.07 492 3162   3818     10 7272 
21.6.07 738 2976   3417     10 7131 
22.6.07 2214 3720   4221     15 10155 
23.6.07 738 2976   3618     10 7332 
24.6.07   3534   3819     10 7353 
25.6.07   3534 3060 4020     12 10614 
26.6.07 738 2976 1440 4020     12 9174 
27.6.07   3162 2160 3417     12 8739 
28.6.07   3348 1440 3618     11 8406 
29.6.07   3720 1800 4020     13 9540 
30.6.07 0 3534 720 4221     11 8475 
Total 13124 90508 26667 110016     316 2E+05 
Average             10.53 7991 
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DATE SOURCE PUMPING UNITS HOURS TOTAL 
  1 2 3 4 5 6     
      
1.7.07 1968 3534   4020     11 9522 
2.7.07 1968 3162   4020     13 9150 
3.7.07 1845 3348   3618     13 8811 
4.7.07 1107 3534   4020     12 8661 
5.7.07 615 2604   3618     9 6837 
6.7.07 123 2790   3015     8 5928 
7.7.07 861 3348   4020     9 8229 
8.7.07   3534 3240 3819     14 10593 
9.7.07   3435 3420 4020     15 10974 
10.7.07   2418 2160 3818     11 8196 
11.7.07   3348 2160 3618     12 9126 
12.7.07   3162 1080 3417     10 7659 
13.7.07  1860 2880 3618 11 8358 
14.7.07   3534 1968 4020     11 9522 
15.7.07   3534 1107 4020     12 8661 
16.7.07   1116 1620 3819     8 6555 
17.7.07   1674 1260 3417     10 7212 
18.7.07   1860 2520 3819     11 8199 
19.7.07   3720 1080 2814     10 7614 
20.7.07   2418 2160 3818     11 8196 
21.7.07   3348 2160 3618     12 9126 
22.7.07   3162 1080 3417     10 7659 
23.7.07   1674 2700 4020     11 8394 
24.7.07   2790   4020     9 6810 
25.7.07  558 1440 3618 7 5616 
26.7.07  2046 2160 3819 11 8025 
27.7.07   3348 3060 3417     13 9825 
28.7.07   3534 3060 3819     14 10413 
29.7.07   2604 2160 2211     9 6975 
30.7.07   3348 3240 3819     14 10407 
31.7.07   2790 3420 4020     14 10230 
Total 8487 87135 51135 114166     345 261483 
Average             11.13 8434.94 
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DATE SOURCE PUMPING UNITS HOURS TOTAL 

  1 2 3 4 5 6     
      
1.8.07   1860 3420 3819     12 9129 
2.8.07   3348 3600 3819     14 10767 
3.8.07   3162 3420 3819     14 10401 
4.8.07   2046 3240 4020     12 9306 
5.8.07   1674 2700 4020     11 8394 
6.8.07   1674 1620 3015     8 6309 
7.8.07  2046 1800 4422 11 8268
8.8.07  3534 3600 3819 15 10953 
9.8.07   3162 3600 3819     14 10581 
10.8.07   3534 2880 2819     12 9228 
11.8.07   3348 2880 3618     13 9846 
12.8.07   1860 3420 3819     12 9129 
13.8.07   3534 540 3819     10 7893 
14.8.07   3162 2880 3819     13 9861 
15.8.07   2976 1800 2814     10 7590 
16.8.07   2790 2340 3015     11 8145 
17.8.07   3534 3600 4020     15 11154 
18.8.07   2604 3060 3618     12 9282 
19.8.07   3534 3060 3818     14 10413 
20.8.07  3348 2880 3015 12 9243
21.8.07   3534 2880 3819     14 10233 
22.8.07   3162 3060 3819     13 10041 
23.8.07   2418 3060 4020     10 9498 
24.8.07   2232 2700 3618     11 8550 
25.8.07   2604 2340 2613     10 7557 
26.8.07   3348 3420 4020     14 10788 
27.8.07   3534 3420 4020     15 10974 
28.8.07   3534 3600 4020     15 11154 
29.8.07   3720 3780 4020     15 11520 
30.8.07   3348 3240 3819     14 10407 
31.8.07   3162 3600 4020     14 10782 
Total   91326 91440 114574     390 297396 
Average             12.58065 9593.419 
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Appendix C1: Variation of water level in Lake Tanganyika as measured in m.a.m.s.l 

 

 

 

 

 

MONTH 1977 1978 1979 1980 2001 2002 2003 2004 2005 2006 2007 Max Min 
January 774.12 774.38 774.77 775.2 773.92 774.04 Nil 773.67 773 773.18 773.5 775.2 773
February 774.22 774.47 775.15 775.23 774.08 774.21 Nil 773.73 773.55 773.26 773.7 775.2 773.26
March 774.32 774.7 775.12 775.26 774.26 774.34 774.1 773.77 773.58 773.31 773.8 775.3 773.31
April 774.37 774.98 775.42 775.34 774.46 774.46 774.2 773.93 773.66 773.45 773.8 775.4 773.45
May 774.68 775.02 775.82 775.51 774.45 774.58 774.2 773.9 773.65 773.53 773.8 775.8 773.53
June 774.61   775.76 775.44 774.34 Nil 774 773.71 773.56 773.48 773.8 775.8 773.48
July 774.44 774.72 775.59 775.11 774.18 Nil 773.9 773.51 773.38 773.31 773.6 775.6 773.31
August 774.28 774.55 775.43 774.89 774.01 Nil 773.7 773.39 NIL 773.13 773.4 775.4 773.13
September 774.12 774.41 775.2 774.71 773.89 Nil 773.6 Nil 773.08 773.01 773.4 775.2 773.01
October 774.05 774.33 775.05 774.64 773.8 Nil 773.5 Nil 773 772.91 773.3 775.1 772.91
November 774.04 774.34 775.04 774.63 773.84 Nil 773.4 Nil 772.97 772.94 773.3 775 772.94
December 774.22 774.61 775.14 774.76 773.89 Nil Nil Nil 773.02 773.22 773.4 775.1 773.02
Mean 774.2892 774.592 775.291 775.06 774.093 774.33 773.8 773.7 773.31 773.2275 773.6 775.3 773.23
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Appendix C2: Rainfall Variation  in Kigoma as Recorded in mm/year 

 

RAINFALL DATA AS VARYING MONTHLY IN MM FOR DIFERENT YEAR 
   
MONTH 1977 1978 1979 1980 2000 2002 2003 2004 2005 2006 2007
January 280.7 203.8 132.6 44.2 38.7 347.2 180.2 122.7 206.1 150.7 93.8
February   131.6 103.8 32.9 52.4 49.3 136.6 78 40.6 148.5 26.5
March 149.8 222.2 115.9 140.4 214 172.3 125 162.4 105.9 83.3 77.5
April 207.1 256 174 Nil 77.4 231.5 183.9 68.1 57.3 174.7 115.9
May 155.9 3.7 45.8 Nil 33 30.3 4.9 Nil 45 110 16.7
June Nil Nil Nil Nil Nil Nil 6.3 Nil 22.9   3.3
July Nil Nil Nil Nil Nil Nil Nil Nil Nil 2.6 Nil 
August Nil Nil Nil Nil Nil Nil Nil Nil Nil Nil Nil 
September 27.7 2.5     Nil Nil Nil 29.9 Nil 33.7 Nil 
October 48.2 1.5 6.4   36.9 21.6 21.6 69.3 19.4 27.4 59.4
November 169.5 205.8 137.9   177 159.8 159.8 74.9 118.6 215.1 112.6
December 151.8 197.5 132.3   143 84.4 84.4 185.3 32 284.5 130.1
AVERAGE 148.838 136.067 106.09 72.5 96.5 137.05 100.3 98.83 71.978 123.1 70.64444

 



87 

 

Appendix D1: Water Supply, Demand and Population Covered 

 

Year  2002/03  2003/04  2004/05  2005/06  2006/07  

Demand m3/y  8,900,000 9,490,000 9,490,000 9,490,000 9,490,000

Supply m3/y  4,168,479 3,770,534 3,898,419 4,761,041 3,604,341

% Supplied 
46.8 39.7 41.1 50.2 38.0

Deficiency % 
53.2 60.3 58.9 49.8 62.0

 

 

 

 

Graph shows water supply and demand 
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Appendix D2: Variation of water connection from 2000-2007 as collected in Area of 
Distribution 

Area 2000 2001 2002 2003 2004 2005 2006 2007

Kigoma 988 1057 1110 1179 1231 1319 1378 1411

Gungu 432 545 595 623 635 645 661 671

Mwanga 

Kati 419 437 455 477 516 550 592 616

Mwanga 

Mlole 460 609 656 704 766 822 941 1056

Mwanga-

K/Hewa 249 390 435 467 504 536 561 629

Majengo 

Block O 970 1134 1233 1300 1331 1365 1393 1412

Katubuka 589 802 888 940 991 1031 1059 1087

Ujiji 1269 1354 1395 1434 1458 1476 1488 1498

Buzebazeba 701 806 881 937 981 1010 1047 1099

 Total 6077 7134 7648 8061 8413 8754 9120 9479

 

Appendix D3: Ratio of Employee per ‘1000 Connection 

2000 2001 2002 2003 2004 2005 2006 2007
Total 
connection 6077 7134 7648 8061 8413 8754 9120 9479

Employee 48 52 54 58 60 65 65 68

Employee/1000 
connection 7.9 7.3 7.1 7.2 7.1 7.4 7.1 7.2
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Appendix E1: Status of Water Borne and Water Related Disease as Caused by 
Shortage of Water 

  
Water borne and water related diseases as varied with water 
deficiency 

  2001 2002 2003 2004 2005 2006

Diorhea 7253 9170 48542 13197 26671 27571
Skin 
diseases 2992 1460 3326 1340 2002 4767
Eye 
Infection 2883 3125 26204 2677 5319 4333
Intestinal 
Worms 8991 9712 49140 4161 6707 26101

 

 

Appendix E2: Physical-Chemical Parameters  Analyzed from 1995-2006) 

S/

N 

PARAMETER MAX.OBSERV

ED LEVEL 

MIN.OBSERVE

D LEVEL 

WHO 

STANDARD 

 pH value 9.2 7.9 7.0-8.05 

 Colour mgPt/l 10 5 5 

 Turbidity (NTU) 14 0.1 5 

 Permanganate 

value KMNO4 

mg/l 

48 1 10 

 Conductivity 

uS/cm at 250 C 

683 520 500 
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 Total hardness 

Caco3 mg/l 

280 110 100 

 Iron mg/l Fe 0.3 <0.1 0.1 

 Sulphate mg/l 

SO4 

15 8 5 

 Flouride mg/l 

Mn 

0.2 0.1 1 

 Manganese mg/l 

Mn 

0.002 0.000 0.05 

 Taste Tasteless Tasteless Unobjectionabl

e 

 Odour Odourless Odourless Unobjectionabl

e 

 Nitrates mg/l 

NO3 

0.23 0.00 0.1 

 Total dissolved 

solids 

150 100 500 
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Appendix E3: Chlorine residual results as checked in different points.  

Na Points /Place Residual 

Chlorine in mg/l 

TZS in mg/l 

1 Kamara (near Lake) 0.2 0.2-0.5 

2 Bangwe (Police Line) 0.3 0.2-0.5 

3 Mlole (Near Faragha Church) 0.2 0.2-0.5 

4 Ujiji (Post Office) 0.1 0.2-0.5 

5 Mwanga Sokoni 0.2 0.2-0.5 

6 Gungu(Kasulu /Kigoma Rd 

junction) 

0.2 0.2-0.5 

7 Katubuka (Air Port) 0.1 0.2-0.5 

8 Maji Yard (KUWASA Office) 0.2 0.2-05 

 

Appendix F1: Photos show extension of pipes to bypass sump well   
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Appendix F2:Water Pipes  from Lake to Pump House                                                 

 

 

Appendix F3: Old Condition of the Pumping Units     

 

 


