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ABSTRACT

Current practice of'the rural water sector in Mozambique does not generally consider all factors

that have influenc.eon project sustainability, The urgent need to provide returnees in rural areas

with safe water, does not give adequate time to engineers, technicians and those involved in the

sector, to conceive and plan a water project property.

A Decision Support System (DSS) for rural water supply has been proposed to assist the decision

making process to be more systematic, fast and comprehensive. It requires a number of input cata

variables which are not difficult to obtain and these variables have been selected to ensure that

most aspects inherent in a successful project are considered. The main achievement of this system

is the project report, similar to a project preliminary design, and the financial results which are

important for project assessment and ranking.

The Decision Support System is a computational model which uses engineering and economics

approach to combine and process input data and information contained in its database. While the

calculation method does not need constant updating, the database has to be verified frequently

to produce reliable results. South African prices have been used in the database construction but

a correction factor facility was incorporated to adjust and make the model useable in

Mozambique.

The model has been designed to be used by planners, engineers and technicians, and funding

agencies. The model can be used by planners to assess implication of policy decisions on future

water supplies and water resources development. For engineers and technicians, the model

estimates water demands, project components sizes and quantities, and water source development

and reliability. To funding agencies, the model is a tool to determine the best investment scenario
of a rural water supply project.
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Zambezi River) the climate is influenced by the subtropical anti-cyclonic zone. Around the

Zambezi River and towards the coast (east) there is a transitional zone with high rainfall figures.

The average annual rainfall is 968 mm: it varies between 327 mm at the Limpopo river entrance

(south) and 2611 mm in Gurue in the mountainous areas of'Zambezla province (north). There

is a general decline of recharge index from north to south and from the coast inland. This trend

is only modified by altitude influence.

Droughts are common and related to (he erratic rainfall distribution during the wet season,

Severe ones were recorded in 1949/50, 1959/60, 1969170, 1979/84 and 89/95. Months of

drought can be followed by heavy storms -ccornpanied by high floods. Tropical cyclones
occasionally invade the coastal areas. In the past 20 years, 4 out of 8 cyclones caused excessive

rainfall followed by floods.

The average annual potential evaporation varies from 1200 mm in the south (Libombos) to 1800

HU1\ in some low are", in the north. The water balance, calculated over monthly averages, shows

a surplus resulting in runoff in areas with more than 800 mm of annual rainfall. The annual

surplus can be over 400 rnm in mountainous areas.

Average annual temperatures varies from 18° C to 26° C, increasing northward and inland. This

trend is interrupted by the influence of the altitude in the upland arcus with average annual

temperatures of I8" C. Average relative humidity at the coast is around 71% falling to 64%

inland. The average solar radiation generally lies between 18 and 20 MJ/m2/day. Average wind
speed varies from less than 4 to over S km/h.
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3,0 MOZAMBIQUE M A DESCRIPTION

Mozambique lies on the east coast of the Southern Africa, between 10° 27' Sand 26° 25' S
latitude and 30° 12' E and 40° 51' E longitude, and has a land area of799 380 kl'n2.

The 1980 census indicated a population tib'tlreof 12.1 million. With an estimated annual average
growth rate of2.3% for rural areas and 4.2% for urban areas, the 1996 population is about 18
million.

The World Bank classifies Mozambique as one of the poorest country in the world. Just before
the Independence in 1975, the economy went into a sharp decline. This situation was reverted
in the late seventies to reach its post-Independence economic peak in 1981. Since the:" the
economy declined again and in 1987 it slowly started to recover. At the present around 70% of
the rural and 50% of the urban households live in absolute poverty i.e. no income at all. This is
reflectedin the highmortality rate, 273 per 1000 live births for children under five years old, and
a GNP of $80 US per capita.

The morphology of the country can be characterized by distinct units: coastal lowlands. middle
plateaus, upland plateaus and mountalnous areas, This division generally coincides with certain
altitudinal intervals: 0 to .200m (44% of the surface Men), 200 to 500 m (29%), 500 to 1000 In

(21%). and over 1000111(6%) respectively.

3.2 Climate

The cllmnte in tho 111(',II1h(north of Zambezl River) is under the influence of the equatorial low
pressure zone with a NE monsoon during tho hot season (Figure :U). In the south (south of
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v) Surface water treatment and supply

Small and large schemes of this nature roan be implemented, This generally implies the
construction of a weir 0(' dam, pumping to a reservoir, treatment (e.g, slow sand filtration or
flocculation, sedimentation. filtration, and disinfection), then distribution (usually requiring further
pumping and storage).

The concept ofpl'oviding water to a certain community is sometimes misleading us it implies that
the community has no water at all. The reality is that within the c"Immunity, some type of water
source exists, It may, however, not he of good Cj\lality, enough quantity, within 1\ short distance,
or continuously a\'lilluble, These factors determine whether the existing water supply need
improvement or not, It is a question of adequacy. Chapter 5 covers these subject with more
details .

.A Decision Supporl Syalem Fot' Rum! W,llel' Supply In M~lZt1mhiq\t(l
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2.4 Improving water facilities

Some of the typical improved water supply systems found in rural areas are indicated below.

i) Protected springs

Springs can be capped and the water led to a reservoir where it can be collected from a tap,

ii) Shallow wells

Where near-surface water exlsts shallow wells can be dug, capped and fitted with a low-lift
handpump,

iii) Boreholes

Boreholes have been sunk and fltted with one oftha following:
~handpump;
.. windmill pumpmg into an adjacent reservoir with taps;
.. diesel pump pumping into a reservoir nt an elevated position, with some pipeline
distribution and streets taps,

iv) Rninwnter harvesting

Schools, clinics, and some private homes have been fitted with roof runoff collection and storage
systems, This entails the fitting of guttering and downpipes which lend into constructed or
pr('ihbricntcd storage reservoirs,
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The upgrading of water facilities may therefore contribute better at improving health if they are
part of a general health and development programme.

2.3Water and economic development

An improvement if; the access of poor communitles to W Iter can make a substantial contribution
to the quality of life of such communities.

ill southern Amcn people spend substantial time daily collecting water. Usually it is the poorest
sections of the community who experience the greatest problems of access to water and who
often have to pay most for water.

The saving in costs (whether in terms of'tlme, effort and money) due to an improved system of
supply, may be invested in more productive activities such as education, chlld-care or
employment. More specifically, these savings might be used to help pay for the construction and
maintenance of the improved water supply systems.

It stands to reason that a healthy labour force is more likely to make a greater contribution to
productivity than one which is diseased. While research on the consequences of ill health is
limited and in some cases, neither consistent !.mdnor generally applicable, it does nonetheless lend
support to the assumptlon that illness decreases productivity (Emmett et aI1993).

All additional consideration is that improving water supply may, in the long run, also lead to the
greater use of water in other productive activities, such as agriculture. Another associated benefit
is the creation of employment opportunities related to water vending and the construction of
water tanks and pipeline facilities.

A Decision Support System For Rural \'?'l1lcl' Supply In Mllzllmhiqm\
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The World Health Organisation has been able to show some "demonstrable reductions" in
morbldlty and mortality due to diarrhea as it result of improved water and sanitation provision
(Churchill et al, 1987: 11). These reductions were I10t large but, are adequate enough, to prove
the link between good sanitation and reduction of'mortality rates.

It has been shown that improvements in community water supplies and modern sanitation can
cause reductions in mortality rates due to cholera of up to 70% and for typhoid fever of between
60 and 80% (Sorokln, 1988:79-80). A United Nations study has suggested that the control of
water-related diseases would add an average of about ten years to life expectancy in the
developing world (Baum and Tolbert, 1985:305).

Heavy investments in upgrading the water and sanitation facilities will not necessarily produce
quick and dramatic improvements in health. While the evidence suggests that ~. water supplies
facilitiesare necessary for ensuring good health, they may not be sufficient to achieve significant
changes in morbidity and mortality in developing communities. This is because the relationship
between disease on the one hand and water and sanitation on the other is extremely complicated.

For exa.nple, dlscnses associated with water supply and excreta disposal, may either be "water-
borne" (dependent on pathogens in the water supply), or "water-washed" (dependent on the
quantity of water used for personal hygiene) or "water-based" (requiring direct contact with the
infected water source) (Emmett ot III 1993). In addition some dlseases depend on vectors that
breed in or near water sources. Health problems may also be caused by the presence of'minernls
or other natural contaminants in tho witter supply. Aspects such as personal and cultural hygienic
practlces, contamination during transportation and storage of water, and the physical condition
of the population do contribute to the spread of diseases. Some other factors governing
susceptibility to diseases arc poverty, malnutrition, low levels of education and Iiteracy, and
overcrowding. It is apparent that diseases, high morbidity and mortality rates are a result of
several factors.

A Decision Support System For Rum! \X7aLcrSupply In MnzamhilltlC
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2.0 ASPECTS OF RURAL WATER SUPPLY

2.1 Bl'lcltground

Safewater is not only recognised as one of the basic human needs, but is also intimately related
to health and productivity of developing communities. The importance of water as a basic need
was given recognition by the United Nations' designation of the 1980s as tne International
Drinking Water Supply and Sanitation Decade. As result, many small programmes have been
developed, surfacewster sources have been protected and treated where necessary, ground water
resources have been developed and protected, and rain water harvesting has been promoted to
improve water supplies in rural areas,

2.2 Water and health

Improvingwater services is a step towards a number of'lmportent social needs and functions. The
most frequently mentioned is the relationship between the health of a population and the levels
of water supply.

Inadequate water and sanitation provision is regarded as a major cause of high mortality and
morbidity rates in many developing countries. The most widespread diseases in developing
countries are those transmitted by human faeces, and water is a major medium oftransrmsslon.

Availableevidence suggests that there is usually a relationship between morbidity rates and both
the (1111l1ity and quantities of water to which people have access. For example, empirical studies
(e.g, Sorokln 1988:79) have shown that the shorter the distance to safe sources of water, the
lower the incldeece of diarrhoea. Those households with water inside the dwelling tend to have
the lowest rate ofdlarrboea, followed by those with water outside the dwelling but nearby, while
those who are furthest from water sources have the highest rate of infection.

A Doolsion Suppor] Syalcm For Rural Watl)r Supply In Mm:t1ll1hiquc
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In Chapter 3, brief descriptions of the water resources and rural water supply situation in

Mozambique, is given. This chapter illustrates the context and conditions in which this model will

be used.

Chapter 4 deals with the Decision Support System model. This chapter starts by giving a general

overview on project planning and then covers issues related to the principles on which the model

works.

Chapter 5, the User Manual, starts with general principles of project planning in order to help the

user decide on variables input. Then follows a list of the required input information and hints on

the efficient use of the model.

A case study is covered in Chapter 6. A real project was selected and its data used to run the

model. The results computed by the model were then compared to those of the project to check

the reliability of the model performance.

Chapter 7 discusses and summarizes the conclusions drawn from this research work and presents

recommendations i.br further work on the subject.

A Decision Supporl SysLemFor Rural Wnler Supply In MO:t.nmbiq\\l~
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1.3 When should this model be used?

As with any project, a rural water supply project has a cycle with the following stages (Grover"
1983):

Identification Cli d Preparation: In thls stage an overview of the existing water supply, the
need for the project, and a brief descrip Ion of the proposed project, its alternatives and
order-of-magnitude of the costs, are provided.

Approval: The stage where the decision makers, including flnanciers and donors,
determine whether the project will be implemented.

Implementation: The stage when detailed designs are completed and the project facilities
are built and commissioned

Operation: The stage when the project facilities are used to provide the services.

Ev('luCltion: This is the final stage, when assessment is made to determine the lessons
learned to improve on future projects.

ThisDecislon Support System provides the preliminarycost estimates based on considerable data
gathering and analysis.It is therefore, a tool to be used during the Identification and Preparation
stage to predict costs, and during Evaluation to compare the preliminary estimates with the final
cost and identitYthe causes if major discrepancies czist,

1.4 Snucture of the I'CPOI·t

In Chapter 2, the general principlesguiding the rural water supply activity are presented. A short
discussion based on literature review is also presented therein.

A Dccislon Support System Ft'!;' Rural Waler Supply In Mozambiquo
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Some of the reasons for the central planning are inheritance of the post-independence practices,

shortage of skilled people and structured database at regional and provincial level.

The objective of this study is to develop a Decision Support System for rural water supply that

would assist the parties involved (investors, donors, government agencies and the beneficiaries)

in planning the investments, and enable them to select ("tions among several cost scenarios

depending on the particular conditions ofthe area, or village under consideration.

The as-essed costs are based on the price data gathered from South African manufactures,

suppliers, consultants, contractors and other relevant organizations. To enable the use of the

model inMozambique, provision is made for the adjustment of scenarios derived by means of cost

indices.

1.2 The contribution of this work

The Decision Support System is a simple computational model which has its strength on database

manipulation, quick calculations and easy of use in a simple computer. It can make an important

contribution to develop an uniform approach to project planning in general, and capacity building,

at provincial and regional level, in particular. The model has been designed to cater for one

scheme at a time (adequate tor local planning) and the input data format requires the user to plan
the proposed project carefully.

Continuous use of this model by the rural water operators will also contribute to improving the

sector planning mechanisms. Comments and suggestions from users will in turn contribute to

further development of the model in addressing local factors that would improve the accuracy.

- -~-~~~::---;--:-~---:---. -------
A Dceision Supporl System For Rural W,tlClr Supply III Moznmbiquu
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1.0 INTRODUCTION

1.1 Backgi'olmd

After two decades of devastating war, Mozambique is now enjoying peace and the main goal is

to reconstruct the Country and develop the economy, Displaced people and refugees have: been

returning to their places of origin. Most of these people come from the rural areas where the

infrastructure has been decimated.

Urban areas cannot accommodate any population influx satisfactorily and it has been envisaged

that to influence economy growth, rural areas have to be repopulated and in order to start

producing goods. An effective rural resettlement programme requires provision of minimum

infrastructure satisfying the basic human needs to entice people to those areas. Among the basic

infrastruotural requirements, provision of safe and reliable water supply has priority. Water is

important from the health and survival point of view and is a necessity for establishment of

villages and industries.

Factors involved in rural water supply, which are to some extent different from those of urban

water supply, make it difficult to estimate in advance the cost of a sustainable rural water supply

fa:' any particular village. Some of the factors involved are: population, population density,

population migratory trends. service level, type and distance of water sources, distance to the

nearest place of procurement. These factors can be combined in different ways, varying from ase

to case, and such combinations make the determination of cost of water per capita a time

consuming and difficult exercise.

Rural water supply ill Mozambique has largely been bused all emergency reliefsupplles, usually

in the form of wells or small boreholes fitted with hand pumps. Urgency for providing safe water

to the rapidly growing rural population, limi.tsthe time for adequate project preparation. These

projects are currently coordinated with large involvement from the central level institutions.

A Decision Support System For Rurnl Water Supply In Mozamhique
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Figure 4.2 Technical calculation flow diagram
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Figure 4.1 Model flow diagram
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found. Often in such a case, a simplification of the specifications for the model may overcome
the dlfflculty.

The Decision Support f):y~,icmfor rural water supply is essentially a computational model. Most
of the relationships governing the technical and financial aspects of a rural water supply project
are extensivelydeveloped mathematically, The computation may sometimes be repetitive in order
to compare different scenarios. This is the fundamental reason to embark in this research.

The model operations, illustrated on Figure 4.4 How diagram, requires input data from the user
describing the exlsting conditions, the water supply arrangements, the proposed project, and
financialand economic factors involved. Guidelines to assist the decision on variables input are
discussed on Chapter 5, and data requirements arc:indicated on the Appendix B.

When the data input stage is completed the model then sizes the project components. This stage
is called the technical calculations (Appendix C). As often the component's size may not be
commercially available, the model converts the components into standard sizes.

A project report (Appendix D) is then created listing materials and equlpments, the unit and total
prices, and the total project cost. The project report resembles u summary bill of quantities.

The project report is the instrument thnt will help the user to decide the scenario fitting better to
the existing situation and conditions.

A detailed description of technical calculation, project reporting, financial calculation, and the
principlesguiding the analysis, is given in the following sections. For clarity, the sections below
should be read together with the Appendtaes A to F.
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4.0 THEnRY OF THE DECISION SUPPORT SYSTEM

4.1 Background

The Decision Support System for rural water supply is a model that should be viewed in the
context of general modelling o.'humen and physical systems, Modelling can be considered as the
development of a device which can represent a system behaviour. The quality of a model is
dependent on how accurately it can reproduce the system response.

A model can be classified in many ways. An example of a model classification by (Langham,
]971) is Illustrated below:

Conceptual Model: an idea of the causal relationship between vark-is systems variables
is conceived in a qualitative way from observational experience of system behaviour.

Mathematical Model: the ideas underlaying the conceptual model are formalized and
written as statistical 01' exact mathematical relationships.

Computational Modal: a procedure is adopted for solving the mathematical model with
given system data and boundary conditions.

Phys/c.'al Modet: is a mechanical or electrical model behaving according to the same kind
of equations as those describing the mathematical model.

Langham argues that a normal procedure is to devise a conceptual model and to produce n
mathematicalmodel for it. If the mathernatical model can be solved by computation, then there
is a choice between solving the equations annlytically or using either analogue or numerical
approximations. Jfthe mathematical model cannot be solved in this way, then a physical analogue
may be used. Tho sequence can be interrupted at any stage if the appropriate model cannot be

A Deciaion Supp\)rl Syslem Por I<'t' ,;Ii W'ilkr Supply In MozmllhiquQ
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Figure 3,3, Hydrogeological map of Mozambique
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Figure 3.2 Mozambican main rivers, basins and dams

30'£

MAIN IUVEUS,
BASINS ANI) I)AMS

lS'S

o 50 100...__._._.
3U'£

,.........Mllin rim
....... WulQr divide
.-,... DIIIII ,Itt

110 IIfdrl)111Q(rle 8111(IUII

3$'E

Q .... Ibl) Q l'
'~.~.'
100. - '"

1000~ tUl

10Q

t " "."" mIS'S

1'1 0

2000

10'S

25'S
1000

A DCCiGiOll-Stlppo:d System POl:' Rtll:'ul Waler Supply In .Mozambiquo



chaetcr 3 Page 17

With regard to small piped water supplies, the policy is to keep the coverage level of 5% with a
focus on rehabilitation and maintenance. New schemes will only be constructed to assist the
population resettlement.

The policy paper also states that priority should be given to labour based construction of wells,
springs and boreholes. Drilling machinery should only be used when there is not water near
surface within 500 m from the village and able to supply 500 people per water source. The
beneficiaries will be responsible for the operation and maintenance of these sources based on
Village Level Operation and Maintenance (VLOM) concept, that is technology to be kept
extremelysimple. Women play an important role in the process as they traditionally are in charge
of collectingwater for domestic use. Necessary training will be provided by PEC ~Programa de
Educa9uoComunitaria (CommunityEducation Programme), Although households are quite poor
some sort of financial contribution towards operating and maintaining the water supplies will be
encouraged.

PRONAR has estimated that they have an annual capacity to implement water projects able to
provide 875 000 people with safe water. This can be done through construction of 1600 wells
or boreholes, 3 small piped schemes and rehabilitation of 12 small piped schemes. The network
of contractors has capacity to construct 1110rebut availability of funds is the biggest constraint.

Funding of rumIwater supply is essentiallydependent on external donors, What is specific about
rural water supply sector is that there is a large number of small scale donors whose initiatives are
sometimes difficult to coordinate.

A Dcclaion Support System For Rural WnLt~rSupply In Mozumhiqw.l
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estimatedto be 28 million m3/year covering 28% of the rural population. For the year 2002 the
target is 40% ofthe rural populationwith access to improved (protected) sources, and higher per
capita consumption (around 20 lipid). The rural water demand will increase to 58 millionm3/year.

Industrial and commercial demand in urban areas is now about 12 million m3/year. of which two"
thirds are in the capital city ~Maputo. This demand is likely to increase to 20 million m3/year by
2002.

Present estimates indicate that about 98000 ha of irrigation areas haw been constructed, of which
about half is currently being used, The annual demand is 540 million m3/year and this figure is
expected to double by 2002 when all irrigation areas have been rehabilitated.

The demands for year 2002 referred above are some of the short term targets lis,..j in the
National Water Policy paper.

3.5 Rural water supply

In 1978 less than 5% of rural po "tlation were served by formal piped water supply schemes or
protected water sources. Within the National Directorate of Water Affairs (DNA) a unit was set
up to deal with water supply and sanitation in the country. This unit was called Unidade de
Direc9uode Abastecimento de Agua e Saneamento 8 Water Supply and Sanitation Unit (UDAAS)
and as result in 1987 the level of rural water supply coverage increased to 11.4%. In 1987
UDAAS stopped bearing responsibility for rural water supply and a new department was
established to deal only with rural water supply. This is called PRONAR - Programa Nacional
de Abastecimento de Agun Rural (National Rural Water Supply Programme).

About 28% of the rural population is !lOW provided with water of reasonable quality, In total,
6300 water source were developed (wells, springs and boreholes) serving approximately 23% and
176 small piped schemes are in operation to serve some S%.

A Decision Suppor; Syslt1m For Rural W'nhll' SUllply In Moxumhiqut1
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On the Karoo Formations, found mainly in the inland areas on the central areas of the country,

little information exists about the aquifers.

The Post-Karoo Formation found on the south of river Save and along the coastal areas in the

north, contain highly saline waters unsuitable for consumption.

Near-surface aquifers, suitable for low yield hand-pump extraction, can be found in nearly aUparts
of the country except in some parts of the Crystalline Complex. The best ground water resources

are to be found in the productive alluvial aquifers along the major rivers. These have been

developed for water supplies offive cities.

Tho main constraint in the use of ground water is often the water quality. For example, high

population densities and increased use of pit latrines in peri ..urban areas brought about severe

ground water pollution. In areas with high population density, ground water from shallow wells

are therefore unsuitable for human consumption.

3.4 Water demand

The total water consumption in 1985 was estimated at 1612 million nr', of which only 4% derived

from ground water resources. More than 90% of total consumption was used in agriculture,

7.4% for domestic use, and 1.7% in industry.

The consumption of water for urban domestic use is now about 25 million mJ/year. This is far

from meeting the demand of the existing population as only about 25% is served by formal

systems. It is expected that by the year 2002, 70% of the urban population will be served with

potable water supply and this will result in a consumption of 56 million m3/year.

In rural areas typical water usc is 10-121/p/d and falls to 4l!p/d in areas far frOm a water source.

At the present the domestic rural consumption from piped water and protected sources is

A Decision Support System For RtU'.:l1Waltlr Supply Itt Moziltuhiquc
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Cahora Bassa dam is one of the world's ten largest dams. In 1971, 583 small dams were

registered inMozambique as having ar. estimated total volume of 60 million m', More than 90%

were used for agricultural purposes OT livestock watering.

Now the total impounded water capacity is 44900 million m'. The two largest dams are Cahora

Bassa (for power generation) with 39200 million m3 and Massingir (multi-purpose) with 2260

million m3 volume. The reservoir siltation in the dams have not been monitored.

Mozambique has about 13000 km2 of inland water. The largest natural lakes are located along

the Malawian border. The Mozambican part of the Lake Niassa has a surface area of7000 km'.

Some smaller lakes and ponds can be found in the north-east, but the majority are situated in the
south on the inland plains, in local depressions in the inland dune, area and behind the recent

dunes in the littoral zone.

In the short term, the highest priority will be given to establish water sharing agreements on t.he

Incomati, Limpopo, Pungoe, Save and Zambezi rivers. These agreements should also guarantee
minimum ecological flows.

3.3.2 Ground water

Ground water resources can be found in three main hydrogeological units (Figura 3.3): the

Crystalline Complex, the Karoo Formations, and the Post-Karoo Formations.

The Crystalline Complex covers the north-west region of the country and contain two types of

aquifers: those in the saturated zone and those in fractured rock. Typical borehole yields are 1..2

1113/h and rarely greater than 6 m3/h. Low uneconomic yields (0.5-0.8 ml/h) can also be found.

The degree of mineralization depends on the water bearing formation and typically lies between
700 mg/l and 1500 mg/l.

A Uedsi()n Suppor; System For Rttral Walc!' Supply In Mozambique
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3.3 Water resources

3.3.1 Surface wate ..

The main source of water in Mozambique is surface water. The average annual run-off amounts

to 213 * 109 m3/year, of which only 97* 10 9 m ~ Iyear originates from rainfall 011 Mozambican

tenitory. Tr~ irregular rainfall distribution during the year implies that substantial water storage

is required in order to make use of most of the water potentially available: about ;,0 m3/day/person

compared to world average of27 m3/day/person (DNA 1994).

There are over 100 river basius in the country and the majority of the rivers flow into the Indian

ocean (Figure 3.2). The rainy season contributes to 70% of the annual run-off. Most rivers have

a torrential regime. The rivers are classified as perennial, seasonal or ephemeral streams. Some

of the previously perennial rivers have no flow towards the end of the dry season e.g. Incomati,

Limpopo, Save, Ligonha. Monapo, Lurio and Messalo. The seasonal rivers have water

throughout the wet season but are otherwise dry; frequently these river beds function as

underground drain. The ephemeral streams only have water during and immediately after heavy
rains,

Almost all major rivers in Mozambique are international rivers and the water consumption by the

upstream riparian states reduces the availability of water for the future economic development of

the country. South Africa, Swaziland and Zimbabwe now abstract over 50% of the potential

border flow. As a result of this consumption by the neighbouring states, the previously perennial

rivers in the southern provinces are now dry for 5

source of water for the city of Maputo and th ...

Umbeluzl, Incomati and Limpopo basins.

tenths of the year. These rivers are the
)mically important irrigation areas in

Many dams have been constructed with the aim to guarantee water supply to urban centres and
to irrigation schemes, to produce electrical energy or to regulate the torrential regimes. The

A Decision Support Syslcln For Rural Waler Supply In Moz<llnhiguc
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Figure 3,1 Climate (after Reddy 1984 and ATLAS Geografico 1986)
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(31)

where,
D ""the pipe diameter (m)
A c: the non-dlmensional Darcy friction coefficient
L e;: the pipeline length (m)
Q "'"the flow (ml/s)
g :;;::the gravitational acceleration (9.81 m/s2)
Ho head (m)

'It C'l ratio of circumference of a circle to diameter (3.14)

Storage

Storage is calculated us a function of daily water demand. The user specifies how many days
demand of storage is appropriate for the scheme taking into account the system reliability and
hour" pel' day pumping versus hours per day drawoff

Stol'nge exces~

The model compares the existing storage capacity with the calculated capacity required. If the
existing storage is bigger them the calculated capacity, then there is a need fClraddltie ul storage.
If the existing storage is smaller than the calculnted enpaeity, then there is storage capacity in
excess which could be used for futuro demands.



Chapler 4

New schcm~

Pumping requirements for a new scheme, is assessed using the same approach as used for the
existing scheme, and the values offlow and head now correspond to those offuture needs.

The power required for the extension of the system is then compared with the installed capacity
to determine additional pumping capacity to be installed.

Gravity Scheme

Neglecting minor losses and using Darcy-Weisbach equation
(28)

and continuity equation
(29)

the following relationship is obtained
(30)

rearranging the above forrnuln diameter D is calculated as follows:
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For a new scheme the final velocity is not known at the start. This is because the pipe diameter
calculated not always is the pipe diameter commercially available. An interaction is therefore
required.

Pipe diameters are based on maximum permissible flow velocities decided for practical reasons.
The next larger commercially available pipe size is selected in each case.

Pumping Requirement

(27)

The power consumed, in watts, by a pump when delivering a discharge Q (m3/s) at a head Hm (m)
with combined pump/motor efficiency 11,is:

pc: P~Q!i

"
where,
p t,:.l is power (wai.ts)
pc: is the water density (1000 kg/m~)
" ::~is the pump/motor efficiency
g Cl is tho gravitational acceleration (9.81 m/s2)
Q to is the flow (m3/s)

H to is the total head (metres)

Comparing the pump requirement of the existing conditions with that of installed pumping
cupncity, it is possible to determine if the existing equipment is working overloaded, under-loaded
or within recommended runge. The head H, is the slim of the static head and the friction head loss.
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For a new scheme the final velocity is not known at the start. This is because the pipe diameter
calculated not always is the pipe diameter commercially available. An interaction is therefore
required.

Pipe diameters are based Q:\ maximum permissible flow velocities decided fOI' practical reasons.
The next larger commercially available pipe size is selected in each case.

Pumping Requirement

Existing SQh9m~

The power consumed, ill walls, by a pump when delivering a discharge Q (m3/s) at a head Hm (m)

with combined pump/motor efficiency 11.is:
(27)

p~:pgQll
11

whore,
p 1.'-" is power (watts)
P L-::J is the water density (1000 kglm3)

11L-;l is the pump/motor efficiency
g :;:J is the gravitational acceleration (9.81 m/s2)
Q :::J is the flow (rnl/s)

H r:::: is the total head (metres)

Compnring the pump requirement of the existing conditions with that of installed pumping
capacity, it is possible to determine if the existing equipment is working overloaded, under-loaded
or within recommended range, The head B. is the sum of the static head nnd the friction head loss.
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If the proposed project considers only handpumps level of service, i.e, does not include a scheme
construction, the demand for users not served by the scheme is equal to the total domestic
demand.

The result, demand for users not served by the scheme, is then assessed in relation to water
source. Surface water sources are not considered.

(26)

PUlIlpi,ng scheme

Under this classification fall all the schemes that involve pumping. The calculation is as follows:

The head loss duo to friction is calculated based on Darey-Weisbach formula:

H=?:!:V:
2gD

where,
H c:: the head loss due to friction in metres
A :-;J the non-dimensional Darcy friction coefficient
L ""the pipe length in metres
V COl the flow velocity in metres per second
g :.t: the gravity acceleration in metres per second square
D Q the pipe diameter in metres

For the ey,istingscheme it is an explicit equation because all the variables nrc known. However,
the rate at which the pipeline is operating can be accessed by comparing the actual velocity and
the recommended velocity, set in the model database,
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Water source in excess of domestic demand (WSEDD). The importance of this calculation, is
to check if the availablewater sources are adequate to meet the domestic demand. independently
if it is through the scheme, or direct collection from the water source. The calculation is as
follows:

(23)

WSIWD :::Water Source Capacity - total Domestic Demand

(24)

For the "current situation", the value of water source capacity is related to the developed sources,
and for the proposed scheme, the water source capacity is the water source potential less the
developed sources.

W~ltcr souree ill excess ef tetnl demand (WSETD):

WSEtD ::::Water Source Capacity .. Total Demand

This is a \Isefulindicator, ifplnns exist to develop irrigation schemes, fauna, or industrial activities.
For the "current situation", it compares the total demand with water sources developed. For
future, or under proposed scheme, potential water sources are taken i' .0 account

Wllter' source balance for scheme demand, This exercise compares the water demand with the
source. It indicates, in percentage, how much can each source eontrlbute to the total demand.
It is up to the user to decide how to combine the sources.

Water source balance for d()lltcsiic users not served by tile scheme (DUNSS). Since the
primary ob)~clive is to supph! water tt' rurnl domestic consumers, consideration is also taken to
thos(.)CO\":sl,,, ers not served b'v'11u existing or proposed scheme.

(25)

DlINSS t_': Total Domestic Demand = Schema Domesua Demand



Chapter 4 Page 29

Wllter source cl\pacity

Present water source capacity is the capacity which has been developed and is in working
condition. The calculation is as follows:

Present Water Source CllPllCity (PWSC):
(20)

PWSC ::;:(River -I' Weir + Spring -l- Borehole + Wells) Daily Yields

For a gravity system, where pumping is not required and treatment consists only of disinfection,
the scheme can operate up to 24 hours It day. However, for pumping schemes in particular when
water treatment is involved, the scheme will operate on average not more than 10 hours a day,
This aggmvates when electricity is not available, or is supplied by a local generator. Number of
working hours is fundamental to calculate the water source development, and storage
requirements.

Maximum dtlily Ilbsb'll(.'tion (MDA) fOJ' sUI'face water:
(.21)

Max Dally Abstraction ::::PWSC * No of Operating Hours * 3600secs

The model repeats this calculation for each SOlll'CO and adds them. This gives the maximum
capacity orsurface water sources.

Maximum dl\ily abstracuon (MDA) rOl' gronndwuten
(22)

MDA C1 Av Borehole Yield II< No of Borehole >I< No Operating Hours '" 3600slJ(,'s

The model repents this calculation for each source and adds them. This gives the maximum
capacity of groundwater SOlll'CCS.

A Decision 81.lppm:lSyslem Por Rmai W,)ler Supply In Mll~amhique
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Number of yard conuections:
(16)

No oj YT ::; Population * %Populatiol1 With YT
No of people per household

(17)

The number of standpipes for the existing system should entered by the user. For the proposed
scheme, the number of standpipes is calculated as follows:

No oj SF ::: Population * %Popu/atioll Using SP
M.':lX Design No oj people Using Sf'

Numbcr of hand pumps:
(18)

No oj HPu :::Population * %Populatioll (/Sil1[; HPu
Max Design No oj people Using HPu

Number of requlred water points:
(19)

No oj Water Potnts ::: _ Pl'qjecl Area •• No of Sf>
Max Design Walklllg Distance

To be accurate, the project area should be divided in smaller areas according to the levels of
service. In the above formula, fur instance, the 'project area' should not have included areas
covered by house connection or yard connectlon. This model does not take this into account
because, inmany cases, the areas covered with house connection and yard connection, are almost
negligible when compared with the total project area,

A Decision Support Syslem Pm' Rud W7alerSupply In Mozamhiquc
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Then Other Demand is calculated as follows:

(12)

Other Demand :: (Hospital + School + Workers) Demands

(13)

Total Demand:

7.J1alDemand :::Total Domestic Demand -r Other Demand

The total demand is then divided into scheme demand, and demand of users not served by the

scheme; the scheme demand is the sum of demands of users served by the scheme. This

differentiation is important because rural water schemes are generally designed to serve only part

of the domestic demand. The computation of Scheme Design Demand, taking into account daily

peak factor and unaccounted-for water (UFW), is as follows:
(14)

Scheme Design Demand :;.:Scheme Demand * Daily Peak Factor * UFW

Once the demands are calculated, the model computes the following numbers of consumer
connections.

Number of house connections.

(15)

No oj He :::Population * %POP1l/"llolI Wilh He
No oj people per household

A Dcclslon Suppurt System P;;r RUfill \Viller Supply In MmmmbicltW
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(7)
Wells Demand :::Population * %l'opulatiol1 Using Wells * Wells dp.c.o.

where,

He == House Connection

YT::::: Yard Tap

SP == Standpipe

Hpu == Handpump
d.p.c.c == daily per capita consumption

Therefore, the Total Domestic Demand:

Total Domestic Demand ;::(H(" .~ YT +SP l' HPu 'I- Wells) Demands

Hosphnl demand:

Hospital Demand ;::No. Beds '" Hospital dp.c.c.

School demand:

School Demand » No. Students * Stllde,,( d.p.c.a.

Office demand:

Workers Demand « No. Workers » Workers d.p.c.c.

A Dc>cisioll Support Systcm For Rur"l Willer Supply In Mozilmhique

(8)

(9)

(10)

(11)
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G"" population growth ratio
n :::::number of years
Pn == population in year n

Page 25

Population density in the project area:

(2)

. . PopulationPopulation DensIty ::.:- --Project Area

Total domestic Witter demand is a combination of a series of calculations as follows:

(3)

He Demand :: Population * %Population With He * He dp.o.c.

(4)

YT Demand ::;:Population >I: %Population With YT >I: YT d.p.c.c.

(5)

SP Demand ::;:Population * %Populatlol1 L~~'il1gSP >I: SP dp.o.o.

(6)

llPu Demand= Population * %POpll/aliol1 Using HPu * HPII d.p.c.c.

A Decision Supporl SYl:llmn Fol' Rural WnLor Supphr In M~\Zilmhiqlw
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4.2 Model Computation

The standard engineering practice is to let a feasibility study precede the final design, using

acceptable simplifications and reasonable estimates. The model uses this principle supported by

a database to do the calculations.

A project scenario is computed at the time. In order to compare different scenarios the model has

to be run as many times as the number of scenarios.

The calculation is divided into technical and financial calculations. Technical calculation concern
sizing the project components, and financial calculation cost the project and provides the related

financial information.

4.2.1 Technical computation

The supply capacity of a project is one of the most important variables afl:ecting cost, and cost

per capita of water. Project horizon and levels of service are the two factors with major influence

on the supply capacity. The criteria to select values for these variables are described on Chapter

5. After entering the required information (Appendt» C). the following parameters are calculated
by the model:

r.

The populatlun figure at the project hcrixcn is calculated using geometric projection formulae:

(1)

Pn := J> * ( 1 ·f· G )"

where,
P "" current population

A Decision Support System F'Jr Rural Wolcr Supply III Mozamhique
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5.(1 "USER MANUAL

5.1 Dllcltgrourta

The Decision Support System for rural water supply in Mozambique is a mathematical tool to
assist those involved in the water sector selecting and planning projects.

Entering input data is a process of describing the existing facilities, proposed proiect, and the
conditions where the project is intended to be implemented. Before IIsing the model, the project
hns to be studied und planned, given thnt the resulta can only be as accurate as the input data.
Thus, prior to elaborating on the model input data having an overview of project planning, is
important.

Project planning notion used in this studY1'refers to a set of broad guidelines and principles set to
help the user conceive (\project and estimate the variables.

As highlighted in Section 1.3, a rural water supply project hns the following stages:

.. Identification and Prepuration .

• Approval.

" Itnpiementntion .

• Operation.

A""-J-)c-'!.1-\Il-i(''''11-~-'\-lp-p-tlr-l-8-y-(ll(-.tl-l-'1'::'''''('-r "=R....ur-,l'1"'l :='\"{~r'1-Ll-'l'''''':8~\1-p-'pl~y-=-lt-l"':"M'="(-':t.-.u-u'1"'hi-ll\-ll-'--- _...._, ------
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Figure 4,3 Administrative map of Mozambique
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These findings confirm the complexity of estimating costs of rural water supplies. The task can
certainly be done but it requires skilled and educated judgement which in mat:y cases, are lacking
in developing countries.

Each village or community i& almost unique on its characteristics and habits. Unless a model can
cater for each specific condition, which of course carries a cost, there will be a marBin for error.
However, with reliable input data, the result calculated by the model would give a good indication
of the level offnvestrnent required.



Choplcr4 Pa c_±2

The unit of analysis is the individual project (a scheme serving more than one
village and/or the development of local water sources for a village, and the local
infrastn.:;tul'c particular to one village). Data is collected and analysed by village
and by scheme,

The model provide for a standardised approach to costing, making all costing
assumptions explicit.

Weaknesses:
The linkage between the village database and the scheme costing sheets is not
automated.

The manner in which unaccounted-far water is treated is simplistic and needs
refinement.

The model does not easily cater for a large number ofvillnges (more than 50) and
a large nutr.ber of schemes (more than 5).

The allocation of scheme water and scheme costs between villng~s need
refinement.

The model does pot cater adequately for existing infrnstl'llctur(.l.

The data is not stored within a structured database (the model is spreadsheet
based).

Tho user-interface could be improved. (Not user friendly).

Error checking could be improved.

A Decision 8upporL 8yoll'm P~lrRutul WaleI.' 8upply In Mnzamhiquc
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on actual project proposal. Instances ere when a global per capita figure, e.g, US$ 40 (Singh,
1990) is used to estimate a project cost.

In South Mdcli. until recently no single agency at national level was charged with the
responsibilityofenslIring that allhousehokls arc served with adequate water supply snd sanitation
(Muller 1991a). Because t'iere is a need to reduce the backlog of rum! water supply coverage,
neglected in the past, the Department of Water Affairs and Forestry has committed itself to the
dewlopmcnt of a Financial Modelling of rural water supply. The model, developed in 1995/96,

had the following objectives:

To develop capital and operating costs scenarios (at district/area, regioMlIprovineial, and
nntional levels) for rural water supply based on various policy options for service level
targets and minimum service level standards.

To modelling the financial implications of various financing 1subsidy 1income policies
for rural water supply (at the district/area. regional/provincial and national levels) by
combining analysis of capital expenditure with operating and maintenance costs, and
operutlng income implications.

The model development has been finalised but no information is yet available about its
performance, However, because the prototype was based on five districts of approximately 250
000 people, below UfC some of tile findings summarized by tho consultants involved in developing
the model:

Strengtlts:
Tho model provides a tool for systematic development of scenerlos for both
capital and operating costs of'ruml water supply at the district level. on tho basis
ofkoy explicit ussumptlons such as service levels and water demand.
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have the major ports, chief components of the Maputo and Belra corridors respectively, and have
the highest service providers concentration in the country.

The cost variation among the 10 provinces of'the country, shown on Figure 4,j, arc based on the
price indices listed below. Maputo and Sofala provinces have a cost factor of one, and the
remainder are as follows:

Gaza 1.2;
Inhambane 1.25,
Manloa 1.1;

Tote 1.2;
Zambe.zin 1,3;

Nampuln 1.2;
Cabo Delgado 1.3;
and Niassa 1.4.

The financial computation of the Decision Support System, is currently sot to increase by 5% the
South African prices lrthe project is to be implemented in Maputo and Sofula provinces, At this
stu, this is the main factor for model calibration with regard to its applicability in Mozambique.
All v .variebles that affect the cost are either optional, or related to the total project cost by
default. or user specified settings. The default settings arc based on South Africn current
practices and they nrc similar to those used in Mozambique e.g, ratio between project cost and
project design and supervision.

4.5 Fhumcial model for rural water supply in South AfriCA

CJst estimate of rural water supply has been a complex task particularly when information on
water sector demand is scarce or not:available. Different countries and organizations usc different
methods but in many cases they arc based on extrapolations from previous projects rather than

AlD;;i-(l-1l~B~u-p-p(-)r-l-'8-~~l'c-'1l-1~F-o-r~R-ur-u~1~~~~~-lr-r~B-u-pl~)j-y-Il-1-M-'I)-z-ut-)l1~)j-qt-lv-'--------------



equipments needed. These goods have to be imported as the country do 110t manufacture them
in quantities enough to meet the market demand. Government generally grants import duties
exemption, but the process is lengthy. The delay due to goods clearance. ca:;ses project cost to
increase out of oontro.,

In some cases, funds made available are tied Ilmds, meaning that preference may be given to
certain suppliers and service providers, usually from the donor country. This may not always be
the least cost alternative.

Other factors affecting the project cost stem from the manner in which the project is implemented,
and the location of the project. A labour bused approach is cheaper but requires a high degree
of managerial Input. Contractors can deliver in time and require less input from the client.
However, their involvement may increase the overall project cost.

Substantial goods imported by Mozambique come from South Africa. After transport, import
duties and profit margin, the unit prices can sometimes be us much as the double compared to
South African retail prices. It is important, therefore, to verify ifrnnterials and equlpments to be
used in a projeut are import duty exempted, and if they arc purchased directly from tho suppliers.
ConsultLUltsfrom abrond represent another burden on costs due to travelling and accommodation
expenses.

Transport network services are not developed, and some major road routes urc not in operntiennl
condition; alternative routes, generally 1110l'eexpensive, has to be used to deliver the resources
to site, Project location is therefore a variable with large influence 011 the cost.

4.4 Model Adjustment

I'roject location has a large influence on costs. In Mozambique. 1. l.iects curried out ncar the
cities of Maputo nnd Belra are found to be the least expensive. They arc the two biggest eltles,
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asset and the estimated salvage value at the end of its life is divided by the estimated life in years,
to give the uniforr 'nstalment of depreciation which is written off every year. The depreciation
of the asset is assumed to be directly proportional to its age, The calculation is as follows:

(33)

Fixed tnstalment ::: initial cost .• estimated saivaKe va/lit;.
estimated life (years)

The cost of water - is the unit cost to be paid to cover the water production, The cost can be

expressed as cost per household, cost per capita or cost per kl. These cost can either cover the
operation and maintenance, operation maintenance and depreciation, or operation maintenance,
depreciation, and annual loan repayment,

'Ihe capital cost per capltn - is the total project cost divided by the population figure,

4.3 l~nct()t'Saffecting cost of rural water aupply ln Mozambique

Mozambique considers rurnl water supply activity a priority due to the need of resettling the
population in those areas, The policy is that baric Infrastructure, water supply being part thereof,
need to be provided to entice people, The cost of providing water in rural ureas vary considerably
from place to place, and it also depends on how the project is ldentifled and funded,

The National Directorate for WaleI' Affairs (I)NA), through PRONAR, identify and rank projects
countrywide. These projects are gehcrnlly co-financed by government and donors, or fully
financed by the government budget. Private investors seldom finance such projects.

Cases are when donors, particularly opcratin], in rural areas, find that water supply is a major
problem and do make funds nvallable to implement projects to alleviate the problem, The
constraint, however, is that donors are net prepared to pay Import duties on materials and
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The column amount has the answer of quantities times rate multiplication.

The information on this worksheet refer only to the proposed project, This IS a view tool
displaying results. Changes can only be made to "Input Data" (Appendix B), to manipulate
results.

After calculating the project cost, and operation Md maintenance cost, the model computes the
unit cost of water and the capital cost per capita. This is the ultimate goal of this model and is
described in detail in the next section.

4.2.3.2 Wntci' Price

Water price figures are displayed on It worksheet called "PRICE" (App(.mdi."CI,). The first lines
show results imported from the Project Cost worksheet. These nrc project cost, operation and
maintenance cost per annum, and cost sharing between grant, soft loan and commercial loan.

Annual repayments of soft and commercial loans are calculated based 011 the following formula:

(32)

Annual repaymant :::...1. (1+/)11 II< C
(1~'i)n '.' 1

where,
i::::interest rate in%;

n ::::tho repayment period in years;
C c; the loan capital in Rand.

Depreciation .. is calculated bused OIl straight line depreciation sometimes known us the fixed
instalmentmethod. Tho basis of the method is that the difference between the initial cost of the
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Besides the material and equipment cost, the model also takes into account other factors that
affect the total project cost. These are: community contributions to the project, training, tool's

requirement, office equipment, project design, project supervision and contingencies. Three ways
are available to the user to specify if the total cost should consider these issues:

i) Not to include in the calculations. Type N (for no) when asked if provision should be

made for each item.

ii) To include in the calculations using default percentage values stored as database.

iii) To include in the calculations using lump sum values specified by tho user, This is

useful when a ceiling budgets exist for each item.

Project costs are shown on "cosr' (Appendix E) worksheet. On this worksheet, information

from "REPORT" (Appendix D) worksheet is extracted and listed on a bill of quantities format.

Unit rates are imported from the "dBASE" (AppelldixA) worksheet and used to calculate the
costs.

The "COSTn worksheet is divided into six columns with the foiJowing headings: item number,
item description, units, quantities, rate, and amount. The contents of each column are as follows:

The column for item number lists pre-set item numbers which could be use for easy reference.

The column item description contains briefinforrnation on the item.

The column untts shows the item unit of measurement.

The column quanttties displays the amount of item required.

The column rates indicates the item unit cost.

A DcGisi~nSupport System For Rural \'o/al~lrSupply In Mozamhique
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This model allows the user to specify the components that can be used in the upgrading works
and considers them in the calculations.

4.2.2 Project reporting

Project report (Appendix D) is a list of selected results and input information describing the
existing situation and the proposed project.

The results of calculations are checked through the database for standard dimensions. If the
calculated result does not exist, the model assigns the next bigger standard value to the
calculations.

Results can also be inspected on the "CALC" (Appendix C) worksheet for a more detailed
analysis. Inspecting the "CALC' varksheet is useful if the user wants to compare the calculated
result and the assigned value.

4.2.3. Financial eateulation

Financial calculation are divided Into two categorles: project costs (Appendix 10 and the water
price (Appendix J<).

4.2.3.1 Preject Costing

The model combines the database information and user's input data to do the calculations. Unit
prices of components are stored on the database. Once the technical calculations are completed,
the model lists the materials and equipment quantities, the unit cost, and the total cost.

A Decision SupporL SYlllclll For RUfill \'('i1kr 8uppl!' I~lMnzi1mhi'1l111



Chapler 4 Page 3.£

Water treatment

Water purification works form a complex entity. Quality of the influent and the permitted
quantitiesof the several chemical constituents in the effluent determine the size and the sequence
of'the process facilities. To generalize the cost of these works is a simplistic approach and would
violate the truth.

Given that in rural areas water treatment plants are difficult to maintain in operation, this
component is to be avoided. Groundwater is the most common water source and simple
disinfection is normally sufficient to make the water reasonable safe for domestic consumption,

Based on raw water quality the model only indicates if water treatment is required or not (more
details in Section 5.3).

Sharing faelllties

In upgrading existing facilities, cireumstancea are when SOl'l1C of the existing components
operatingunder their capacities and in good working condition, can be used in the new scheme.
This occur because when a project is designed, it could be more cost effective to install or build
components bigger than the actual needs. For example, by doubling the pipe diameter of a pipe,
other factors such as head remaining constant, the capacity increases sixfold, or the capacity of
a pipeline can be increased by installing booster pumps (Stephenson 1989). Depending on
factors such as rate of growth in demand, OpCI ating factor, certainty of future demands, varying
cost with time, physical difficulties in the constructio f a second pipeline if required. installing
a larger diameter main at the outset may be economical.

Deelslons of this nature are usually supported by systems analysis techniques such as linear
programming and dynamic programming and this implies that different components in a water
scheme have different horizons.

A Decision Support Sysl~)ll1For Rurill Waler Supply In Mozilmbique
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Elevation (m) - is the difference in levels from the water source to the highest point along the

pipeline for a pumping scheme, and to the end of the pipeline for a gravity scheme.

Source of energy - is the type of energy available to run the pumps and other equipments of the

system. The energy can be electricity, or diesel,

Raw water quality - the need to install water treatment facilities is determined by the quality of
raw water. For rural water supply only two parameters are being considered: turbidity (NTU) to
verify if flocculation; decantation and filtration are required, and Escherichia Coli contents to

verify the need for disinfection.

For turbidity> 10 NTU the model will indicate that filtration is required. For Escherichia Coli
> 5 counts/100ml the model will indicate that disinfection is required.

Description of the existing water supply and proposed project

House connection - specify what exist. Options for the proposed project are OMS, PVC,
andHDPE.

Yard tap -specify what exist. Options for the proposed project are OMS, PVC, and
HDPE.

Standpipe .specif~:what exist. Options for standpipe connection on the proposed project
are GMS, PVC, and HDPE.

Future per CR\)Uaconsumption (lltres/person/day) • this information is based on sector policy

or the user's judgement. How the consumption trend will vary in the future depends (In factors
such as economical growth, general development, water availability, and water system reliability.

A Decision Supporl SysLem F(lr l~urill Willer Supply In Mozamhique
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Storage requirements .. considering the l'eliabilityof the system, the user should specify how
much storage is appropriate as (I function of a day demand. The reservoirs are usually sized to
meet one to three days demand. This allows lor maintenance and repair works without
interrupting the supply of water to consumers. For small schemes, a two-day demand is
recommended.

Peak faetors .. are factors used to reflect the increase of consumption in relation to the average
line. Although at ibe end of the day the total consumption is the same, the consumption rates are
not uniform during that. period, and the system components should be designed to meet peak
demands. Default daily peak factor is 2.5.

Unncccunted-Ior water (%) .. is the amount of water which is produced that neither is used by
consumers nor is it recorded. It reflects losses due to leakages in the system, and inadequate
administrative practices. For small schemes unaccounted-for water figures can be of the order
of 10% to 15% depending on how efficiently the system is managed.

Numbers of'hours of daily function .. is the average number of hours the scheme operates per
day. In rural areas, often the water systems only operate during the day due to shortage of
electricityor dieselfor generators. Ten to 12 hours per day, is a good figure for a well..operated
scheme.

Dlstance from the water 501ll'CC to the highest point (m) .. is the distance used in the
computation of'head losses due to friction. For a pumping scheme, for instance, is the distance
to which the Water should be pumped, given that from that point the water will flow due to
gravity force.

Total pipellne dlstance (m) .. is the distance from the weter source to the dlstrlbutlon
reticulation. It should also include the total length of the reticulation.

A Decision Supporl System For Ruml \'(Taier Supply In Moz<unhique
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Number of students « is the sum of all schools' capacities within the project area.

Number of hospital beds ~ is the sum of all hospital capacities within the project area.

Number uf workers M is the sum of all working posts within the project area.

Type of scheme- the model only caters for three types of schemes:

Gravity when the water source is at a higher level in relation to distribution, and no

pumping is necessary.

Pumping when the water source is at a lower level in .clation to the distribution, and
pumps are required to provide energy to water to reach water tower, or a distribution

reticulation.

Handpump when no scheme is envisaged. Wells and boreholes will only be fitted with
handpumps,

Project hOl'izon • number of years from the design to the time the design should cater for, in

terms of demand.

Wnte.' sources- this information is divided into surface water and groundwater. Surface water

consisting of weir, spring, river or lake, requires the maximum abstraction rate (litres/second) for
each source.

Groundwater refers to wells and boreholes. Average values of depth (m) and yield (l/s) of both

for wells and for boreholes, Me required.

Handpump refers to wells or boreholes fitted with hand pumps. Average yields (l/s) and depths
(m), are the required data.

A Declsion Support 8ysLolll For Rural Willct· Si.1Pply It,Mmmmhiq\ll)
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(36)

Standpipe ::::No qf people using standpipes * 100
total population

(37)

Handpump ::: No of people using handpumps * 100
total population

(38)

Others ::: No qf people with none qf the above, * 100
total population

Present number of people served by a water point ~ this Information is related to the user's

convenience. Fewer ('caple per water point means less time queueing for water. This figure

indicates a level of service and determines the number of water point needs. Values vary from
250 to 500 people per water point. Country policy paper may specify the maximum values,

Present maximum wnlking distance to 1\ water point w this information is also related to the

user's convenience. The shorter the distance to a water point, the shorter the time, and less
human energy is spent on water collection. This figure shows a level of service and determines

the number of water point needs. Values vary from 250 to 750 metres. Country policy paper may
specify the maximum values.

Since both number of people served by a water point and the maximum walking distance to a

water point determine the number of water point needs. the model uses the higher number of
water points between the two. In doinp, that both criteria are met.

A Decision Supporl System For Rural WaLerSupply In MoznU1.hi'luc



Pagc2±

Yard Tap - household provided with a tap on the yard. Water is collec-ed from the tap

to storage in drums and buckets, or for direct use. Per capita consumption can be

estimated by dividing the total consumption by the number of people in the household,
The average of several households' computation should be used.

Standpipe ~a water point with two or four taps where consumers collect their water. Per

capita consumption can be estimated by recording the total supply, and divide with
number of people supplied,

Handpump - refers to wells or boreholes fitted with a handpump for communal water

supply. Per capita consumption can be estimated recording the total supply and divide

with number of people supplied.

Hospital" pel' capita consumption of a hospital, is the total water consumption divided
by the number of beds of the hospital.

Workers - consumption figure for this category should be obtained by dividing the total
consumption of working places by the number of people employed.

r
1

(34)

Present percentage ofpeoplc served by differcnt levels of SCIvice - this information is obtained
I\S follows:

House conne. tion ::: No qfpeop/(! with hOllse conllllction * 100
total population

(35)

Yard tap ,;; No of people with yard lap * 100
total population

A Decision Support. Sysl.otnFor Ruml Waler Supply In Moz~lthiq\ll)
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Projcct Name .. is the name the project is, or will be, known for.

Page 53

Preject Numbcr' - is the reference number, the orgsnization assigns to the project.

Project Location - is the province in which the project will be implemented. This information

relates to a cost factor which varies province to province due to their particular conditions. Type

the first three characters of'the province name only, e.g. MAP for MAPUTO.

Population .. this refers to current number of people living within the project area, and the

population that will be served by the proposed project. This information can be obtained from

local authorities and organizations operating in the zone.

Population's Growth Rate M this is a statistical figure calculated by the planning bodies and

available in many literatures, and can also be provided by government departments.

Project Area .. is the area where the direct beneficiaries of the project live, in hectares. This can

be measured out on a map.

Average number ofpcoplc per household .. this is a statistical figure celculated by the planning

bodies and available in many literatures, and can also be provided by government departments.

Present pel' capita consumption (litres/p~rsonlday) . value to be calculated based on the current

water supply and the consumption. This item is divided into seven categories and each value
assessed independently, i.e. they should actually be measured, or if records exist, they should be

used to estimate the current pel' capita's consumption. The categories are:

House connect/on" household with Witter running in taps within the house. Per capita
consumption can be estimated by dividing the total consumption by the number of people

in the household. The average of several households computation should be used.

A Decision Support System For Rurol Wolcr Supply In .Moz<1Illhiquc
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Training - this is an important component for running the facilities. Provision should

always be made to ensure that those who will have "he responsibility to operate and

maintain the facilities have the knowledge to carry out their duties. This can be achieved

through formal, or on-the-job training.

5.3 Input data

The financial model uses the information provided by the user and its database to do the

calculations. Database records have been built based technical, financial, and planning procedures

used in the civil engineering industry.

Input data structure, however, does not define clearly what variables arc related to technical,

financial, 01' planning fields. The model has been designed in this w~y for two .easons:

i) at regional and provincial levels, most professional are involved one way or the other,

in the three fields due to the shortage of specialists in each discipline;

ii) considering that one of the objectives of this model is to develop capacity within the

water sector, it is important that prior to entering data, the user goes through the global
planning exercise of the project. The results, nevertheless, can be assessed based on area

of expertise.

To run the model about 140 input variables are required. Since all the information has the same

degree of importance, checking the information source reliability and data accuracy, is advisable.

To enter data, upper Cl\S~ has to be used. Tue model is case sensitive and does not recognise
information entered in lower case.

The required inlJ~ltinformation is:

--------~----~--------~~----.--~--------~-------------A Decision /::\tl'porl System For Rural Waler Supply 111Mozambique
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The administration of rural water supplies has fearares which are different from those

characteristics of the water supply and sanitary systems fN towns, The size ofthe administrative

area is an important factor leading to communiaation and travel problems with a central
organization. Yet even where self-help and locally r.iu systems are feasible, a central 'organization

will be necessary; there may be a tendency for t:uil1eo engineers to indulge in design activities
rather than to become involved in the vital, but apparently less intellectual demanding, tasks of

management, operation, and maintenance of rural water supplies and sanitation

5.2.7 Financial aspects

There are several financial aspects to be considered wtien planning a project. Institutional

arrangements have influence mainly on the operating costs, but with regard to capital cost, the
following items have to be checked:

Community contribution" the beneficiaries can contribute to the project either with

funds and/or in kind. This contribution can be up to 50 Of 60% of'the total project cost

and always need to be assessed. The other benefit, is the sense of ownership which is vital

for future maintenance of the infrastructures, when the beneficiaries contribute to the

project.

Project location .. due to the poor conditions of roads in rural areas, transport of goods
to site has a considerable influence on the budget,

Office equipment and tools .. water tariffs in rural areas are normally not charged

according to the real cost. As a result, the undertakings do not usually have enough funds

to maintain the scheme properly, and cannot afford to buy office equipment, tools,

chemicals, fuel and spare parts. It has been a practice to include these items in capital
costs of new projects, 01' rehabilitation projects.

A Decision Supporl Sy;lem For Ruml Willer Supply In Mozambique
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standards, and on improving economy; normally it is not sensitive to improved quality but is

primarily dependent upon the level of service provided.

In rural areas, the larger the community the faster it is likely to grow, as it is more likely to be

provided with social infrastructure and may attract population from the surrounding countryside.

This has influence on total water demand.

5.2.4 Project horizon

Rural projects will normally have a short future planning period for design purposes. A project

horizon figure often, or at most lS years, might be appropriate. This is not to say that future

extensions should not be possible beyond the provision made initially. The provision of staging
is often important when funds are scarce and needs great, but the design capacity should not be

excessive as this leads to waste and inhibits incremental improvements.

5.2.5 Selection of materials and equipmcnts

The selecdon of materials and equiprr.ents has a direct influence on cost, and operation and

maintenance of'facilities, Preference should be given to local available resources if they meet the

standards of quality. Sophisticated equipments always cause problems due to the skill required
for maintenance, the high cost, and difficulties in procurement of spare parts.

5.2.6 Institutional aspects

Institutional requirements for rural water supply need to be more community oriented. The level

of maintenance skills should not be high and simplicity in the design of facilities is essential.

Outside help or remote maintenance organizations cannot always be relied upon.

A Deciaio~pp()rL System For RtU"alWaler Supply In Mozamhiquc
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5.2.2 Water source

For water supply studies, the most important task is to evaluate water resources. Groundwater
is the most likely source and the best for rural communities; it is likely to be free from pathogenic

bacteria, and generally to be usable without treatment. The aquifer pi ovides natural storage, and

wells can be sited close to the users. However, the water may have high mineral contents, or may

require pumping if the aquifer is not near surface.

A preferred source will be the one which requires no treatment, and can deliver wate: to the users

by gravity. A source requiring no treatment but which must be pumped would be the next choice.

Treatment plants, however simple, are not likely to be maintained properly in rural areas, and
failure of the plant poses a public health risk. A failure of a pumping plant can be inconvenient,

but is not necessarily dangerous and since the interruption of supply is immediately noticed, it is
likely to receive attention.

5.2.3 Water qmHity

The appropriate standard of water quality is a matter requiring considerable judgement. Published
figures are not always relevant, and adherence to them in planning, can lead to unacceptable and

unnecessary costs. There are, however, some publications with guidance for minimum water
quality parameters suitable for the developing countries conditions; only in extreme cases these

publications recommend complex water treatment facilities.

5.2.4 Watcr demand

The main criterion, apart from population, is water consumption per capita. On this, most other

parameters will be based. Consumption will rise with increased availability of water, rising living

A Decision Support System For Rural Water Supply In Mozambique



Chapter 5 Pa e48

a function of demands. RUral domestic demand is much smaller than that of h rigation for

instance. Operation and maintenance of the water supply systems can, nonetheless, be combined

with that of the irrigation scheme in order not waste resources when there is shortage (If skilled
personnel. The management method for the irrigation system may also provide a model for the

institutional arrangement needed for water supply and sanitation, or the responsibilities may even

be combined.

Socioeconomic and community participation aspects of a project are very important for a

successful implementation. Community Education Program (PEC), as the activity is called in

Mozambique, should come first to ensure the conrnunity acceptance and their contribution

towards the project. Community preferences should be taken into account within the availability
of funds.

5.2.1 Design criteria

Local factors, such as religion, tribal characteristics, and traditional practices, will be important
in determining design criteria for rural projects.

One fundamental criterion is that the provisions, must be more convenient than the existing

arrangements. Improved quality offacilities alone is not always sufficient to ensure their use, and
the criteria have to be related to existing situation.

Manual lifting of ground water is acceptable for small communities, but in densely populated areas
it may be impractical.

Evaluation of previous projects can give valuable confirmation of the accuracy of the design
assumptions made. If the total project involves many separate communities, then a pilot project

can be useful for this purpose, and as a demonstration to other communities of the benefits to be
gained.

A Decision Support System For Rural Water Supply In Mozumbiquc
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- Evaluation.

The success of a project is highly dependent on how the pre-investment planning is carried out.
Pre-investment planning comprises the first stage of the project cycle mentioned above:

tdenufication and preparation. Having a good understanding of the project physical conditions,
is important during this stage; economic, social, and technical factors specific to the project

location, will influence the needs.

Each project must be related to its locality, both physicallyand socially. Studies should be as brief
as possible and the written report concise. They should be constructed from a standard pattern,

so that all relevant data are gathered. Planning for water supply and sanitation components should
always allow for upgrading of facilities and the use of'rnore advanced technology when this can

be afforded, and the demand arises.

The lower the income level of'the target beneficiary groups, the more difficulties any project will
encounter on its passage from concept to satisfactory continuous operation. Therefore, and

despite their apparent technical simplicity,rural water supply projects can be most difficult for the
engineer to bring to a successful conclusion.

To assess the adequacy of an existing supply of water arrangement, the criteria of acceptaouity

should first be stipulated. World Bank (1983) proposed that the following four variables to

measure the adequacy of a water supply system:

- amount of water (quantity)

- quality of water
- distance to water supply (accessibility), and

~reliability of the supply.

In the rural sector, domestic wat-. supply is usually considered isolated from other arrangements

such as irrigation. This occur because of the imbalance between the installation requirements as

A Decision Support System For Rural WaLer Supply 1t1Moznmhique
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INPUT DATA ..2

Numbcrof:
Students
HospRal bcd&
Workers

180

Typo of existing schome (G·gmvRy, P·purnplng or HP·handpump)

Type of proposod scheme (G"!lmv~y, P·pumplng or HP·handpump)

ProJc~ Hortaon

Prosont Wat~r Source - Developed
Boroholo
Depth (m)
Yield (lis)
Number of boroholos

P

P

10

Surfaco
Weir (max abstraetlen mtc lis)
Spring (max abstmctlon rato lis)
I'{lvor or I~ko(mal( abGtractlon rala lis)

Hnndpump
Avol~PQ Ylold (I/s)
Num>t 01 hr Idpumps

Future Wrltar Source for thllschome '" (potontial • Dovelopod)
13eroholo
Depth (m)
Ylold ~IG)
Number of boreholos

5

1
~O

Sutfaeo
Walr (max ~bstroctlon rnto I/s)
Spring (max abstractlon mto 110)
Rlvor or loke (max ab~troetlon roto I/o)

Water seurco lor eeneumers not norvod by tho cehomo
Avol'Q(lo woll ylold (I/o)
Number 01well
Averago borohole Ylold (Vs)
Dopth (m)
Nurnbor 01borehole

10

Stomal) R~'qulromont~ (No 01days' dornand)
Proposod Schorne Wilt Shnro Existing Storago? tv-Yos, N·No)

0,5
Y

Poak fDctolt
Oally

Unnccounled·for wator (%)
Proscnt
Futuro

Olstanco from waler seuree 10 hlQhost point olono tho plpollno (rn)
TotQI distance of plpolino

o
o

1776
5000

A Decision Support System POl' I~urill Willer Supply In M(lznmhiqu<.l
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Table 6,1 Input Data - Case study

INPUT DA"A h 1

Prol~oo;tNaOlU

Project i'I'lmbol'

Provlnco (Only first three eharaetorn 0,0, NAM lor Nompulo)

Population

Population Growth RQt~ (%)

ProJ~ IlrOG (Ha)

Avoraga numbor of people pet hcuaohold

""(Quent por capltQ eoneumptten (V" 'I
Houno connection
Yard Connection
Standpipe
Handpump
stud<lnt
Hoop~QI bods
Workor

Cnla Waler ProJoc\

3,5~

GOF

25000

355

6

120
GO
20
15
16

100
100

Pro".ont percontago of people nerved by:
Houco connection
Yard connoctlon
OIandplpo
Handpump
OthOr

2,56
27

70,4

Nlmbcr Df people uorved by a Wtllor point (0,0, I;!andplpo)
Mtlxlm. n Wi)I~lnD dlGtoneo to water point (01)

Numboror:
Sludonto
Ho~pllal bodn
Wl)rkoro

500
500

Futmo per CUP~Qconoumpllon (Up/d)
HOlloo connectloll
Yarll Connec11on
stnn\~plpo
H~ndllump
studollt
1"1001'1101bedu
WOlkor

120
60
28
is

100
100

futuro porc~\ntoao of ~oplQ cervod by:
Houno conm'~ilon
Yord top
GtMdplpo
I~~ndpllmp
(,11101

3
34
03

Number of pOD')lo nerved by Q wolor pOint (1),0, ctondplpo)
M~)(lmum w~lkln!) dlManco to Wtltor point (01)

500
600
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6.2 The Cain project

6.2.1 Introductleu

Cala is a small town situated on the rlgbt bank of the Zambezl River. The population was
estimated to be 25000 inhabitants living in area of about 3550 square kilometres. The town
consisted of an Administration Building (Local Authority), one hospital with 150 beds, two
garages, a contractor site with 250 workers, and about 80 conventional houses besides the
thousands of huts. Electricity power supply system was destroyed during the war.

The existingwater supply system consisted of un int~~c station on the right bank ofNhanzacuiu
River, tributary to Zambez] River, a water treatment unit, a pipeline feeding a ground reservoir
in the town, a water tower, and a distribution reticulation.

The objective of tile proposed project is to rehabilitate and expand the existing water system in
urder to meet the full demand of the town in 10 years, At the project horizon 3.3% of the
population will have house connections, 34.3% yard taps, 64.3% wlll be served by standpipes, and
the hospitalwill have 180 beds. The project is to be financed by a grant from the Government and
the European Community (Ee).

6.2.2 Deserlption of the existing and proposed schemes

The variables describing the current facilities and tho new project are listed below 011 Table 6.1.
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6.0 CASE STUDY

6.1 Bncl{grolilld

The programme, comprised of severel individual projects, consists of rehabilitating twelve smul'
piped schemes, and construct boreholes and wells equipped with handpurnps. The Niltionel
Directorate fOI'Water AfThirsappointed n consulting engineering firm to do the detail design and
the respective cost estimate,

A rural water supply programme to provide about 260 000 people with adequate water supply
and develop institutional capacity for future operation of the facilities, is in progress in the
provinces of Sofala, Manica, Tete, and Zambezia. The programme is co-financed by the
Government of Mozambique and the European Community (Ee).

The case study is ora project in Caia district, Sofala province. This is one of the biggest projects
in the programme, and presentlywith more information availabkl. The objective of this case study
is to verify the advantages and accuracy of the model operation against the consultant calculation
metil"dology and results. Thl.')discussion focuses on major dltferences of approach and
consistency; the results are ;~ntassessed from a planning or decision making point of view.

The presentation of the case study follows the following sequence: project introduction,
description of the existing fnciliti,''1and proposed scheme, results comparison, and discussion.
Description of existing facilities and proposed scheme arc summarized by the Deolslon Support
System reports.
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• "NA" meaning "not available" or not "not applicable". This Is either because the pipe
diameter calculated, is bigger than the biggest diameter available in material specified, or

the model has no data on specified material. The user has to choose another material. The
options are shown in brackets Chi Lheinput line.

• ERR occurs when no data was typed in, or the data was typed in lowercase. This may

lead to a division by zero. It could also be, due to the f.J·ne reasons as for 'INA" message

explained above.

• stars across the cell. The information does not fit in the cell. The cell width has to be

increased to accommodate the data,
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• "NA" meaning "not available" 01' not "not applicable". This is either because the pipe
diameter calculated, is bigger than the biggest diameter available in material specified, or

the model has no datu on specified material. The user has to choose another material. The
options are shown in brackets on the input line.

- ERR occurs when no data was typed in, or the data was typed in lowercase. This may

lead to a division by zero. It could also be, due to the same reasons as for '~A" message
explained above.

- stars across the cell. The information does not fit in the cell. The cell width has to be
increased to accommodate the data.
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5.3.3 Results 1'01' funding agencies

Funding agencies may regard the project cost and financial results as the most important source
of information to assist the decision making process. Financial results are divided into two

categories: project costs and the water price.

Project costs of the proposed scheme are shown on "COST" worksheet (Appendix E); the costs

are divided in construction costs, and other costs.

Construction costs are, in tum, divided into water source development, pipeline, pumping station,

storage and reticulation connections.

Other costs cover items not related to the physical construction but essential for the project

implementation. These are project design and implementation, office equipment, tools, training,
community participation, and contingencies,

Watel' price figures are displayed on a worksheet called "Price" (Appendix ,F). It displays

infonnation on project cost, operatlon and maintenance cost per annum, and on the cost sharing

between grant, soft loan and commercial loan. It also illustrates the amount of annual repayments
on loans, and the annual depreciation values. These figures lead to the final estimate of the price

of water per household, per capita and per kilo litre. These prices are listed to include operation

and maintenance, operation maintenance and depreciation, and operation maintenance
depreciation and annual repayment on loans.

The last line indicates the capital cost per capita if the project is implemented.

5.3.4 E.'rol' messages

The Decision Support System model may sometimes display error messages after computation.
The most common errors are:

A Decision Supporl SysLmu For Rural WaLer Supply In M(lza1l1hiqtlt~
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i)Most calculations are carried out on worksheet "CALC" (Appendix C) and the results

stored on the same worksheet. For instance, the model uses the same information to do

calculations for a pumped scheme and a gravity scheme. The difference being that the
sources are at opposing ends, i.e. the source is at the lower end for a pumped system and

at the higher end for gravity system.

ii) The above arrangement may cause confusion in assessing the results. So to overcome
this shortcoming some results of the calculations have been selected and listed on the
'~REPORr" (Appendix 1) worksheet. The project report generated, is a summary

information of the current situation, and the proposed project.

iii)~'CALC" and "dBASE" (Appendix A) worksheets are useful for detailed analysis of the

results, calculations and factors used. For example, the user can verifY on the "CALC'
what is the pipe diameter calculated by the model, and the pipe diameter commercially

available assigned to the scheme. It could be useful, in certain circumstances, to change
some input parameters and obtain a pipe diameter which is closer to a commercially
available size.

Iv) Users may sometimes be interested in checking the friction factor used in a particular
calculation, 01' to verilYwhere the calculated diameter fit between the next bigger and next

smaller standard sizes. Another question could concern all materials, i.e, which one has
a standard diameter closer to the calculated diameter? This type of verification can only

be done on the "dBASE" worksheet. Users can view the contents of the worksheet but
cannot make changes to it, unless they know the password.

v) On the IIREPORT", worksheet only the information related to the user's options is

displayed. If tho user has specified the system as a gravity scheme, the report will show
the results related to gravity calculation.

A Dccltrl()l1Supporl Systcm For Rural WaLeI' Supply Itt Moaamhlque
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The monies for the project can be in form of grant, soft loan or commercial loan. This

information is entered as a percentage of total project cost or a lump sum for each source.
Interest rates have also to be entered for soft and commercial loan.

Operating costs (staffing) - these costs are based on time required per year (person-year) and

individual salaries. The p ofessions considered are: manager, supervisor, artisan, clerk and
labourer.

5.3 Results

The results of the Decision Support System model computation are displayed in 4 worksheets:
"CALC" (Appendix C) referring to the technical calculations, "REPORT" (Appendix J) to

project report, "COST" (Appendt» l~) 10 project cost, and "PRICE" (Appendix I') to financial
results. This set up helps professionals of different disciplines to inspect the results which are

more relevant to their area of expertise, The fields of expertise considered in this study nrc:
planners, engineers and technicians and funding agencies analysts.

5.3.1 Results for planners

The project report, project cost, and financial results are suitable for planners to assess the
technical, and financial implications of policy decisions with regard to the rural water supply
sector.

5.3.2 Results for engineers and teehniclans

Engineers and technicians will find the technical calculations, project report, and J'l"fljectcost,

useful to their field of activity. From n technical point of view, it would be important to observe
the following:

A Declsicn Support Syslem FLlrRural Waler Supply In Mozambique



Chaplc~r~5 P_a~g~e_6_1

Office equipment - If no funds are required to pay for office equipment. type N (for no

provision required). If a lump figures (ceiling budget) for this activity exists, type N (for no
provision) and type the lump sum value. Iffunds have to be allocated then the user can just type

Y (for yp.sprovision required) and the model will allocate 1.5% for office equipment.

Training - If no funds are required to pay for training, type "f-.: (for no provision required). If

a lump figure (ceiling budget) for this activity exists, type N (for no provision) and type the lump
sum value. Iffirnds have to be allocated then the user can just type Y (for yes provision required)

and the mc iel will allocate 2% for training.

Community cnntrlbution - If the beneficiary community is not contributing to the project

implementation, type N (t'f)t no provision required). If a lump figure (ceiling budget) will be
made available by the community for this activity type N (for no provision), and type the lump

sum value. If the community contribution is in the form of labour then the user can type Y (for
yes provision required) and the model will allocate 30% as community contribution.

Tools - If no funds are required to buy tools. type N (for no provision required). If a lump figure

(ceiling budget) for this item type N (for no provision) and type the lump sum value. Iffunds

have to be allocated then the user can just type Y (for yes provision required) and the model will
allocate 1% for tools.

Contingencies - If no funds are required for contingencies. type N (for no provision required).
If'a lump figure (ceiling budget) for this item exists, type N (for no provision) and type tho lump

sum value. Iffunds have to be allocated then the user can just type Y (for yes provision required)
and the model will allocate 10% for contingencies.

Project funding" a project can be funded by a single organization or co-financed by several

entities. The user will have to enter the information on the funding arrangement either in form of

a percentage of the total project cost, lump sum, 01' both. The data is entered in separate for
government and other agencies.

A Decision Support Sysllltl1 For Rl.trill W,lll'r Supply In .Mllzatnb~uf,)
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water sources, are also useful to determine the water sources' capacities. Possible water sources
are: weir, spring, river, lake or ground water.

Future number of boreholes ~is an estimate of the number of boreholes that will be drilled,

Future storage requirements" specified as a function of days demand.

Future unaccounted-for water ~ for a new scheme this parameter should be smaller than the

current figure because leakages can be detected during tests. Values up to 15% are acceptable.

Materlafs for the proposed projects ~advantages exist, in reducing diversity of materials and

equipments in a system, to facilitate maintenance and spare parts Mquisition. However,
consideration should be given to technology development and supply complexities.

Project design ..user to specify if provision should be made for project design. If no funds are

required to pay for project design, type N (for no provision required). Ifa lump figure (ceiling
budget) for this activity exists, type N (for no provision) and type the lump sum value. If'funds
have to be allocated for the project design then the user can just type Y (for yes provision

required) and the model will allocate 13% for project design.

Project supervision" If no funds are required to pay for project supervision, type N (for no
provision required). If a lump figure (ceiling budget) for this activity exists, type N (for no

provision) and type the lump sum value. If funds have to be allocated then the user can just type
Y (for yes provision required) and the model will allocate 2.S% for project supervision.

Community participatlon M If no funds are required to pay for community education, type N.

If a lump figure for this activity exists, type N (for no provision) and type the lump slim value.

If funds have to be allocated then the USCI' can just type Y (for yes provision required) and the
model will allocate 1% for community education.

A Decision SupporL Syslem Fllr RlU:,llWaler Supply In Mozambique
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If no guidelines exist, the user will have to forecast the per capita consumption fo; all categories

(house conn' -rd tap, standpipe, handpump, student, hospital and workers), based on

personal experience and comparison with other examples. This a typical data to vary and .reate
different scenarios. However, expecting that the level of service would improve in the future, is

common. This implies that future per capita consumption rates should be equal or bigger than

the present rate.

Percentage of people served by: house connection, yard tap, standpipe, handpump or others.

Considering that improvement is expected in the future, more people will have their water services

ameliorated. In such a case, percentage rate should increase for better services and decrease for
basic provision. For instance it is acceptable that in the future, everybody should have some kind

of safe drinking water. Therefore, there could be a scenario where the percentage of "others" (e.g.

people collecting water from stagnant ponds) is zero.

Number of people served by a water point and maximum walking distance to a water point

• these figures are contained in the sector guidelines and should, in principle, decrease if future

improvement is envisaged.

Number of'students, hospital beds and workers • information to be verified with the relevant

authorities. If no data exist, the users will have to make their own judgement considering the
development of the project area.

Type of proposed scheme w this a technical decision based on water source availability and its

location. Ifoptions exist, run the model with data reflecting the option'! and compare them. The

model enters for pumping or gravity systems combined with handpumps, or handpumps only.

FUtUl'C water sources - this information is vital for the success of the project. Care and

conservative approach should be used when feeding this data into the model. A project should
only be carried out, if there is a water source able to meet basic demands. Water resources'

studies and investigations reports are the appropriate sources of information. Records on existing

A Derision Support SysLem For Rural Wn.LerSupply In.Mozamblque
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TECHNICAL CALCllLATIONS . 3

Water Source Development for scheme demand
AVailability:
Boreholes
Weir
Spring
River or lake

TI::>TAL

0%
0%
0%

276%

313 klld

kl/d
kl/d
klld

864 kl/d
864 kl/d

Water source Development for Users not served by the scheme
Demand kl/d
Boreholes 0% I~I/d
Wells 0% kl/d

Total O~o kl/d
Number of handpumps 0

Pumping scheme
Pipeline Requirement
Present pipeline capacity
Required capacity
Flow In excess
Diameter of the new pipeline
Velocity

Pumping requirement
Exlst",g pumping capacity In oxcesa
Head Loss
Total Head
Required capacity
Capaolty to be Installild kW

Gravity scheme
Prosent pipeline capacity
Required capacity
Flow In excesa
Diameter of tho now plpellno
Velocity

Storago
Existing storago
Total required storage
Storago to be constructed

.0 lis
34.6115
34.61/6
171 rnrn
1.50 ml6

1BOmm
1.36 mls

kW
13m
13 In
6kW
6kW HP

HP

I.lHP
a HP

.0 lis
34.6116
34.61/ ..
161 mm
1.93 mls

160 mm
1.72 mlo

175 kl
747 kl
672 kl
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Installed capacity
Pumping capacity In excess

Gravity scheme
Present pipeline capacity
Diameter
Are"
Actual velcx:lty
Actual flow
Possible flow
Capacity In excess

Storago
Existing storage
Required storage
Storage In excess

Water Treatment
Sxlstlng troatment facilitios
Requlrod treatment facilities
Treatmont facilities In excoss

0%
kW
kW

HPHP

125mm
0123 m,I2
22.15 m/$
272.4 lis
36.9 lis
.0 lis 0%

175 kl
470 kl

kl

Proposed Scheme

Populutlon In year 10 will be 36436 people

ruturo popul,,!lon density 100 people/he

Futuro Total bomeane Water Demand 1476 klld

other Future Water Domand 1a klfd

Futuro Schome wator dilmand 1494 kiln

Total Futuro Water Demand 14941<lId

Futuro number of house cenneetlena 133

Futuro humbor of yard connections 1506

Futuro number of standpipes 45
Numbor or water point 00 f:{mln wall<lngdlntaneo) 14
Futuro number of handpvmpo 0

ProaontWater Source Capacity In eXeeS!) 1181 klld
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Table 6.5 Technical Calculations N Case study

tECHNICAL CALCULATIONS ..1

current Situation

EXisting population

Growth Rate

Project Area

People pur household

Current population density

Population In year 10 will be

25000 people

3.6%

Present Total Domestic Water Demand

Prc->sentScheme water demand

Other Prosent Water Demand

Total Present Water Demand

Current number of house connections

Current number of yard connecuons

Current number of standp'pos

Current numbel of handpumps

Present Water Source Capacity

Water Source In I)XceS$ for Domestic demand

Water Source In excess for Total comand

Pumping scheme
Present plpelfnll eapneny
Diameter
Area
Actual Velocity
Actual flow
Posslblo flow
Capacity In O)(COSS

Proscnt pumping requirement
Hood loss
Total head
Pumplnd requirement

3S5 ha

8

70 peoplelha

35435 people

939 klld

939 klld

40 klld

979 klld

80

844

35

2160 klld

1221 klld

1181 klld

67%

65%

126mm
.0123 mA2
1.77 mls
21.7 lis
36,9 its
16,21/s eS71d/d

si.a m
66,8 m
17 kW 22 HP

A Decision Supporl System POl' Rutal \'fall'l' Supply In Mozambique
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PROJSCT Rt:PORT • 2

-- --
Plpollno Dlamalo, nnd Malorlal 125mm AC 100mm HOPll

Plpollno loou'" 6000m 5000m

"eliiol rlow 21.7 Un :MOUo

PIPI'lino C.pDCII)l 3(l 0 Uo

Plpellno CQplICll)lln ExcOGO 41% 1<,.2 ~"

Ol'lvlty $<lh.,",

Plpolln~ OI~"'Qlor Dnd Malnllal

Plpellno Longlh

Ar:tunl Flow

Plpellno COP3Clty

Plpollno COpllclty In Exr.QCO

IS~I'IY' CoMro!!) Conelata

8<1.11110 CollOClty 175 kt f. 175 kl

RoqullOd Co;'lacIlV 470 kl 7471((

Addltlonnl Capacity Roqulrod :11)5kl 612kl

COpllClly In [ll<'UM kl

W... r TrtAlmtht
Flillolion .IlUI'bC~WQtor VOl
FIII'oU~n. Qroul1dwotor No
DlolnIN;llon· Gurtaco Waler

~nQI'l nl I"'tlnn" (lrnu rlw~tn

A Decision Support System For Rural \'{'". 't Supply In Mozamblque .
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Table 6.4 Project Report ~Case study

PROJl;CT REPORT ·1

Description Current Situation proposod Proj<lct

Populollon 25000 po~plo 3S4'lO pooplu

Growth Rata 3.6%

Popul~tlon Oonolly 70 poopJonln 100 poopJolhQ

ProJoct Horiton 10)'llDtII

r~laJ Oor~lIeliO Wotor OomM~ Q30klld WOklld

SChoma Wator domand D3DIt'/d 1404 klld

OthorWntor domand 40 kVd 10 kVd

TOllliOomand C70 klld 1404 klld

Numoor 01Hauto connnClion 6C 133

Numoor oJ Yald Ulpa 044 1500

Numbllr 01 otlndplpM 35 45

Number of h~ndpumpo 0 0

Numb< of Wator POlnto « min w:rllllng dIGtMCO) 14

W~tor Gourco CllP3Clty 2100kVd ilG4 klld

WoW GoureD In Exccoo for DomoQlia D~mllnd 07% 1221 klld

Waler 6aurco In ExC08GrarTotaJ Domond 6n% 1101 kVrt

wutor Couleo C1lvoJopmont lor Gctlomo Dumond
313 klldDomand 039 ~lId

W~hlt (lQurcuo Av:lllnbillty 004 kUd
[){lIaholoo 0'lI. kl/d
Wolf 0'lI. kilo
OPrlnQ 0'lI. klld
RlwrorLnko 270'1(, 004kW
TOTAL 21d% U04Wd

Wator ()OUrt~CNv~lopnlonllor U~oro t lOT Olirvell by thO Cehon
Oomnnd klld
Ooroholoo 0% kVd
WolI~ 0'lI. klld
Toldl (m MAl

"uh'1lJn~ QOhlllll

Pumplno Rn~ullllmoni 17kW 22H~ nkW 20111'

l'umplOl' Inclalled Gupacliy kW HfJ kW HI'

Pumplno GapQCIIVIn (xenon 0<)(, kW 11f'

flumplI\O (0 be InclalJod 17kW 2l!HP 23kW ;!QHP
~--==~'=.!:;,"""J::,""'''''-'':::~'''Of=~~~~===~'''~~:''''~"'''t.";~."'''''''''''''''~'''''''>;;I.'''''''' ",.O;-4~="='~~=~~_
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consultants mentioned some variables which were not used in the calculation (e.g. daily peak

factor, UFW, consumers not served bv the scheme, and storage requirements). Any assumption

made initially is consistently accounted for by the model.

This case study highlights the strength of the Decision Support System on the systematic
approach to planning and assurance on including all variables in the calculation. The advantages

over manual calculations are consistency, calculation speed, ease of use snd accuracy, which
allows the user to quickly generate different project scenarios.
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Consultant calculated the water treatment requirements. The estimates on water treatment

represent almost a third of the total project cost (27%).

The consultant did not consider depreciation on their calculation.

The present model calculation methodology compared to that of the consultant has the following

shortcomings:

a) It does not compute network flows. It calculates the main pipeline diameter and
assigns that diameter to the full length of the reticulation. This is reasonable for small

schemes but overestimates pipe requirements for larger systems.

b) It only indicates the need tor water treatment facilities. No cost estimates are provided.

6,2.4,2 Consistency and accuracy

The major difference between the consultant and the present model methodology in this case

study, is that the consultant was expected to carry out a detailed design and the respective
costing. The present model has been designed to be used at the project preparation stage and

does not carry-out detail design.

The total project cost calculated by the model is 11% bigger than the consultant estimates, This
is acceptable for the Identification and Preparation stage of a project.

The consultant calculation includes water treatment works and detail reticulation analysis. This

is a shortcoming in the model design specially for relative large rural water schemes,

The Decision Support System model is consistent on the calculation methodology,
comprehensiveness. and also works as a checklist. This is reflected on the fact that the

A Deoleion Support SySlll1l1 For R1.tral Willer Supply In M,.li:Ull1biljue
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Table 6.3 Water Costs (cents/kilolitre)

DESCRIPTION CONSULTANT MODEL

Operation and maintenance (O&M) 24 21

O&M + Depreciation 39

O&M + depreciation + loan repayment 39

6.2.4 Discussion

The following remarks can be drawn after analysing the results of the consultants -ulnst those
of the model:

(5.2.4. I Calculation methodology

The consultant made some initial assumptions which were not reflected in the calculations. These
nrc:

i) All consumers are served by the scheme but only 7 standpipe exist to serve 17 600
people. In the consultant report mention is, however, made that certain proportion of the

population currently collect their water directly from the river, and that each standpipe
should Serve 500 people;

ii) The uncounted-for water (UFW) and daily peak factor are not accounted for;

iii) The system daily operating time is stated as 12 hours, but operation and maintenance
calculaticns were based on 24 hours.
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6.2.3 Results

The results obtained by the consultants and the Decision Support System listed below for
comparison are divided into costs and water price. Costs results are summarized on Table 6.2 and

the water prices on Table 6.3 below. Detail results computed by the model are on Tables 6.4, 6.5,

6.6, and 6.7.

Table 6.2 M Project Costs (Rands)

DESCRIPTION CONSULTANT MODEL

Water source development 126000 50270

Water treatment works 675000

Pipeline and reticulation 1 792000 3 188875_.
Pumping station 231 500 150800

Storage 679500 154657

Construotton Cost 3504250 3544600

Office equipment 53170

Tools 3350 35450

Community participation 35450

Project design 54000 54000

Project supervision 85000 88600

Training 70890--
Contingencies 364660 354460

Total project 4011 260 4448460

Operation and maintenance per annum 131457 76400

Depreciation per annum 63746

Capital cost pel' capita 113 125

A Decision Support System For Rural Wnlct· SU1;ply111MOZtltllbiquc
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INPUT DATA - 4

communhy Participation
Provision Requlrod (Y·yes, N·no)
Lump Sum (Amount, N·Not applicable)

OffIcI) Equipment
Provision RequlroQ (Y.yes, N·no)
Lump Sum (Amount, N·Not applicablo)

y

Tools
Provision Roqulrod (Y.yos, N·no)
Lump sum (Amount, N·Na! applicable)

Trolnlng
Pl'ovlslon Roqulrod (Y.yos, N·no)
Lump Sum (Amount, N·Not applicable)

Project funding
Gov~mlTlant

% of Total cost
Lump sum

othel' Agoncles
% af Total cost
Lump sum

y

y

y

10

90
N

Gmnt
% of T 0101 co~t
Lump sum

Sol\ Loan
% of Total cost
Lump sum
Interest role (%)
Period of ropaymont (years)

100

o
o
o

Commorclal Loan
% of Total cost
LumpsulTI
Interest rete (%)
Period of rcpaymont (yoars)

Opotollng Cor.ta (Stamng)
Staffing' numbor of man yoars por annum
Manager
Supervlaor
Mlann
Clorl(
Labourer

o
o
o

o
2
o
4
2

Staffing· rQi(l (mnds per man-year)
Manager
Supervisor
Artisan
Clark
Labourer

o
1200

o
soc
600

A Dcci;lOl.l Support Syslem For Rural Wolcr Supply In Mozamblque
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INPUT DATA-4

commun~y Participation
Provision Requlrod rf-yes, N-no)
Lump Sum (Amount, N-Not applicable)

y

Offico Equipment
Provision Required rf-yos, N-no)
Lump sum (Amount, N-Not applicable)

y

ToolS
Provision Requited N-Yos, N-no)
Lump Sum (Amount, N-Not appllcablc)

Trolnlnl.l
Provision Roqulred rf-yos, N-no)
Lump Sum (Amount, N-Not applicable)

ProJoct funding
Govemmont

% of Total cost
Lump sum

othor Agenclos
% ofTotal cosl
Lump sum

Grant
% of Total cost
Lump sum

y

10

Soft Loan
% of Total cost
Lump Gum
Intorost rato (%)
Perled of repaYment (yoars)

o

100

o
o

commercial: "an
% of Total CO!;;
Lump sum
l"tereGt rate (%)
Period of ropaymont (years)

OJl')ratlng Costa (Staffing)
Staffing - number of man YODI1l per annum
Managcr
Supervisor
ArtlSlln
Clerk
Labourer

o
o
o

o
2
o
4
2

Staffing' rate (rands pot man-yon,)
Manogor
Suporvl~or
Artisan
Clerk
Laboul'or

o
1200

o
800
GOO

A Decision Supporl System For Rural \\laLer Supply In Mozambique
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INPUT DATA ..3

Levels dlfforonce Ixltwoen wator seureo and tho hlghost point to pump to (m) 25

Number of haulS of dally (unqllon 12

Sourco of energy (E-electrlclty, D-dlesol, O-olhol) 0

R"w wator quality
Turbldfty (NTU)
SUrfnC9Wator 15
Groundwater 0

1-l11'locount por 100 ml
Surface Wilier 8
Groundwater 0

ExlstlnQSystem
PI!lOIlna
Dlamotor (min) 125
I:levllllon (m) 25
length (m) 1ns
Pumping C3!laclty (kW) 0

Storago capaclly (KI) 175
Proposed acheme Will Sharo Existing Plpollno? t(-Yes, N·Na) N
Proposed $chetno Will Share Existing pumping Capacity? (y·Yes, N·Ne) N

MalerlalS - Existing scheme
I3oroholocasing (S·stool, PVC)
Plpo (CI·Oast Iron, HOPE, PVC, AO·Asboslo5) AC
~osorvolr (C-co~crcto, S·o;Iool,P·plastlc) 0

Matorlals - Proposod scheme
80roholo casing (S·stool, PVC)
PI!lO(GMS-Galvanlzod stool, HOPE, PVO, AO·Asbostos) HOPE
~esorvolr (c-conerO\e, S·Gleol,P·plastlo) C
Borohole diameter (4,6,8,10 or 121nch(5)
Houso eonneetlcn (GMS,PVO,HOPE) HOPE
Yard Tap (GMS,PVC,HOPE) HOPI:
Slandpl!lO (GMS,PVC,HOPE) HOPE

Community contribution
Lll!)Our (Y-yos, N·no) N
L.umpSum (Amount, N·Nol applicable)

ProJoctOoslgn
Provision Rcqulred (Y'yos, N·no) N
l.ump Sum (Amount, N·Not applicable) 54000

ProJ()<'iSupervision
Provision Rcqulrod (Y-yes, N·no) Y
Lump Sum (Amount, N-Nol applicable)

Contlngoncles
Provision Roqulrod (Y-yos, N'M) Y
Lump Sum (Amount, N·Not appllcablo)

j\. Decision 8upport Syslem For Rural \Valllr 8upply In Mozamhique
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INPur DATA· 3

Lovels dlfforoncQ bctWOM mtor nourco and tho hlghot! point to pump to (m)

Numb<lr of nourn of dolly function

Sourco of ~norgy (E·oloctric~y, D·dlcsol, O-oll1or)

Raw mtllr qUQI~y
T"rbld~y (NTU)

S"rfoco Waler
Groundwator

Pinto count per 100 ml
Surfaco Wator
Groundvli1tor

Elxlctlng Sy~tom
Plpellno
Olomator (mm)
EloVtltion (m)
Longth (m)
Pumping CQPoc~y (kW)

Storage capacity (KI)
Propo~od sehcmo Will Sharo i::xl:;tlng Plpollno? ry.Yoo, N·No)
Propo~r.d aeheme Will Sharo Gxlctlng Pumping Capoc~y? ry.vOll, N·No)

Matarlolo • ExlctlnQ neherno
80roholo caolng (S-elool, PVC)
PIPO (CH~n~t Iron, HOpe, PVC, At.-AGb<l~tos)
ReDorvolr (C·concroto. $-ttool. P'ploctJo)

Matenals • Proposod ~I~horno
80roholo cnnlna (O.cteol. PVC)
Plp<l (GM$·r,alv~nIzQd stool, HOI.)!!, PVC, AC.t\obc~too)
ROOQIVolr(o,eonerato. S.ctcol, p.pln~tlc)
Boroholo dlamctcr (4,6,0,10 or 12lnchoo)
Houo\) connoctlon (GMS,PVQ,HDPE)
Yard Tap (GMS,PVe,HDPll)
Standplp<l (OMS,PVC,HDPE)

Com,~unlty contribution
Ll1b<lI' y.you, N·na)
Lump $UI11 (Amount, N-Nat applicable)

ProJoct Donlon
Provlolon Roqulrod ry·YOQ,N·na)
Lllmp Sum (Amount, N·Nat QPpllcn~ln)

ProJoct Suporvlolon
Prtlvlolon Requlrod (y.yO!), N'llo)
LoUl11pGum (Amount, i~·Not appllcablo)

Conllngonelon
Provlolon Required ry·yoo. N·no)
l.ul11p Gum (Amount. N·Not opplJcnblo)



Page 91

Number 01:
Siudonia
HonpHat bedo
Workoro

Typo or oxJ~11l1Jeehomo (G"IlmvRy, P'pumplno or HP·hondpump)

Typo of proposed Dr-homo «(3'Ol'llvHy, P·pumplng or HP·hnndpump)

ProJoct Horll:on

Pro~onl Wolar Scurco • Oovolop;.'d
80roholo
OOplh (m)
Ylold (Va)
Number of berohelon

Gurfaco
Wolt (max ab!;Jl'lIction rnlO 110)
Spling (mU)( nbs\l'lIctlon rato Vol
Rlvar or Inko (max nb~tml':llon rnto 110)

Handpump
Avomgo Ylold (Va)
Number of handpuml)~

fluturo Woter sourco fot tho echemo " (Potontlal • OOvolopod)
80roholo
Ooplh (m)
Ylold 010)
Number of boroholoO

Gur'~eQ
Wolr (mu)( ab~trilc:tlon mlo 111l)
Spllng (mox abo ;11011ralo liD)
r~lvor or loko (mux Qb~1rQctlon rato I/o)

Willor eeuree for conOUmOlll not carved by lho aehome
I\vornao WllII ylold (tIo)
Number of Wllil
AVolllDI) borehelo ylold (I/o)
Dopth (m)
Number of borllholo

SlolllQo Rl)qulromonta (No or dnyn' dQmand)
Pwpoaod Schemo Wilt Shara Exlcllng sterago'lty·Yeo, N·No)

Poakf.:)ctom
Dally

UnQccoun!od·!Ofw.1lor (%)
Pro~onl
Futuro

Ol!ilnn¢o from w~tor ueuree to nlOhoct point alona Iho plpollno (Ill)
Toial dl~IQnco of plpollno

A Dcclalon SULlport System For Rmlll Wnler ~~uJ..•,ly In Mnzmnbiqutl
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APPENDIX B - Modcllnput Data

INPUT DATA., 1

ProJoct Namo

PrOject Numbor

Provlnco (Only flit! thrQo Gharactoro o.a. NAM for Nampule)

Population

Population Growth Keto (%)

ProJMi nroa (Ho)

AvotogQ numbor of pooplo por hou~nhold

Prooont rJOr capRa conoumpllon ~/p/d)
Houoo connection
Yord Conn~ctlon
Standplpo
Handpump
Student
Hospltnl bode
Workol

Pro~ont percontallo 01 poeplo GOlVod by:
HOUGDConnection
Yard connection
,S!nndplpo
Handpump
OIhor

Number of pooplo ~el\'od by Q wat~r pelnt (o.g. &tnndplpo)
Maximum WlIlklng dll;t~nco 10wooer pelnt (m)

Number of:
Studontn
Hc>~pttQIb6do
Wor"~ro

Futuro por capita connumptlon (UP/d)
Houon eonnoctlon
Yard Connection
Gtandplpo
Handpump
mudent
Hoop~al bodo
Workor

I'utula percentage lif people DOIVedby:
HOUGO:onnoctlon
Yard tnp
Standptpo
Hnndpump
Othor

Number of peopla nerved by n water pOint (0.0. ~tandplpo:1
Maximum w~lktn{) dlctl'nco to wator point (m)

~~------~----~-----~~~---~~--~~--------,-------------------~A Decision Supporl Syslem For Rurul W(itl~l'Supply In M\)Zilmhiquc
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DepreclatiOh
Water souree
Plpellno
Pumping
Storaao

AoSe! lifo (yoars)
60
30
10
30

Project Location Cost Factor

MAP 1 MAPUTO
GAZ 1.2 ClAZI\
tNH 1.25 INHi MeANt:
€lor 1 SO,I\LA
~AN 1.1 MAt lOA
TET 1.2S TeTE
ZAM 1.3 ZAMSEZIA
NAM 1.2 NAMPULA
cAS 1.3 CABO DELGADO
NIA 1.4 NIASSA

ProJcqtAdjustment Factor 1.05
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DATABASE~3

LEVELS OF SERVICE

UnltCollt

HOUDO eennceuen

For Cnlculntlon
Miltorial Cost

o NA
o NA
o NA

Darcy WOlilb;lch coefficient

AO[)ITIONAL COSTS

OffIco equlpmorlt
Tool$
Communtty PMI~lplltlon
1'rQlnlllO
ProJoe! Dooll)n
ProJoe! GUP'jrvIolon
Contlngollclo5
CommunUy c;ontrlblJllon (labour)
Training

1.6 %
1 %
1 %:%

11 %
2.5 %
10 %
00 %

:; OM

OPEiMTION 8< MAINTENANOE
Walet Goureo
Boreholo
W'jll
Sllrlng
Wolr

r; %ofCAPEX
5 % of CAPE X
6 % of CAPE X
6 %orCAPr;X

r~ollculatJol\

PIpOlino

Pumping • oloctrlc~y

Pumping· dlQool

StorllgD

Admlnlt;lra\!on

2 %olCAPEX

1 % ofCAP,;X

5 %ofCAt~EX

10 % of CAPE X

1 % oftJAPEX

10 % over othor Oll.M coct~
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DATABASE·2

For Calculatlon
Pumping OrQvtty

DIQmOIQrNA NA
Unn cost NA NA

Un~ Co~t• Ronda

RESERVOIRS

Oahl for cnloulllUOOS
Malorlal Rnlo
[=[~:=J~~~lna

WATtiR SOURCe

Woll 2000 RlunftIncludlnoH~n~pump
Wolr 10000 Rlkld
Spllna 0000 Rikld

Elorahola

UnitOQf,!permotordriliod

Por ClllouIPll!!.!l--_
Malerlal Olam UM Cccl
......__ 0;:.._9.. °
r=::==Dopth~;co;mlii~l
lHr.umll 0 _jJ

rUMPltv,,"
Pur,lpl~' 'fllr.lonc\I(%) 76
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APPENDIX A ~ Model Database

DATABASE ..1

PIPES

Unit Cost of plpe per m~tl)r • Rands

PVO Pumping Gl1lv~y
Diameter 01now plpollno • .
~nRc~o~m~ ··_..~.._·_.._.._·_·_.._··~.._..~·

~

DPe Pumping Gravity
~.metor 01 now plpel ..
nJLet)tt_~ __ ._.~ ltu•.uu

Tablo mcuoGgo Not Appllcablo
NIl NA
NA NA_~_, __ ...J

Pumping Gravity
"U~UUUI UflUUfI .. fI

flfI",UU." •• "' ..... *'~-~- ..~pumplnnr~vriY·
Diameter 01 now pipeline • .
Unit cocl

ADccis~;8upl"'t'l System Fol.' R1t1.'111Willer Supply In Mozmnhiquc
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projects, however, can be underestimated due to exclusion of treatment works, or overestimated
as a result of the overdesign of the reticulation pipes.

The model should not be seen as a replacement of practitioners. Professional judgement and
experience are very important on characterising the existing conditions and proposed projects.
The computed results can only be as accurate and reliable as the information entered in the model.

7.2 Recommendations for future work

Despite its achievement, room exists for further development. The first step should be to develop
IIdatabase with Mozambican prices in order to remove the need for the cost adjustment factor.

The Decision Support System model needs to be expanded to compute water treatment works
requirements and distribution network with precision, in on:"'r to provide accurate results on large
rural water projects.
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7.0 CONCLUSIONS AND RECOMMENDATIONS

The following conclusions and recommendations were drawn from the study of the Decision

Support System (DSS) for rural water supply in Mozambique.

7.1 Conclusions

The lJ.~cis!on Sup"'ort System is a tool to be ,se.,1primarily during the Identification and
P,eparation stage of a project; it is a. computanonal model designed to assist those involved in
the sector, planning and ranking projects. Whilst the calculation methodology does not need

constant updating, the database has 1:0 be verified frequently to produce sound resurts,

The advantages of the model over manual calculations are: consistency, calculation speed, ease
of use, and accuracy, which allows the user to quickly generate different project scenarios. This

is particularly important within the Mozambican context where the need to quickly provide safe
water to the population resettling in the rural areas, does not allow sufficient time for drawn out

project preparation phases. Highly importantly, the present model has the potential to contribute
towards developing a uniform approach to project planning in general, and capacity building at
provincial and regional levels, in particular.

The database incorporated in the model was constructed from South African prices. A correction
factor facility was inserted to adjust the calculated costs to the Mozambican conditions. Although
this procedure is simplistic in need of refinement, it gives good results.

Furthermcre calculation methodology does not carry-out network analysis 1101' estimate the water
treatm(mt work requirements. It assigns the diameter of tlte main pipeline to the full length of the

reticulation, and only indicates whether treatment facilities are needed or not. Project cost and
financial analysis of small rural schemes may not be substantially affected by this approach. Large

A Decision Support Syslem For Rural Walor Supply In Mozilmbiqltc
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Table 6.7 Financial Results - Case study

FINANCIAL RI-:SUL TS .. 1

R 76,367.95

Project cost

Operation and Maintenance cost (p.o.)

R 4,448,458.13

Grant R 4,448,458,13

R 0.00

R 0.00

Soft loan

Commercial Loan

Annual repayment

Soft loan

ccmrnerciet Loan 0.0% Years

R 0.00

R 0.00

Interest Rate Repayment Period
0.0% Years

Pipeline

Pumping

Storage

R 1,005.33

R 42,506,67

R 16,OaO.Oo

R 6,156.24

Depreciation. fixed Instalments P,Il.

Water Sources

R 3.10

R 6.60

R 6.60

21.4 c

Cost of water Household p.a

To cover O&M only R 24.40

O&M plus depreciation R 44 80

O&M+depreclatlon+ annual repayment R 44.80

capita p.a. kl

392 c

39,2 c

R 125,53]

~--------------,-------.------------------------------------------------------~-
Capltnl ccet per capita
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10.00% R 354,459.90

2.00% R 70,891.98

Lump Sum R 0.00

RO.OO

R 211,831.34

R 4,448,458.13

PROJECT COSTS· 2

Contingencies

Training

Community contribution

Project location adjustment

Cost adjustment

TOTAL COST

COST SHARING
Government
Other Agencies
Grant
Soft 101'111
Commercial loan

OPERATION & MAINTENANCE p.a,
Water source
Borehole
Spring
Wolr
River or Lake Intake

Well + Handpump
Borehole + Hanopump

Reticulation
Pipeline
Pumping
storage
Staffing
Administration

% of CAPE X

Total p.u.

R 444,845.81
R 4,003,612.31
R 4,448,458.13

RO.OO
RO.OO

5
5
5
5

5
5

2
1

10
1

R 2,513.33
RO.OO
RO.OO
RO.OO

R 2,513.33

RO.OO
RO.OO

R 38,273.50
R 12,752.00
R 7,540.00
R 1,546.57
R 6,800.00
R6,942.54

R 76,367.95
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Table 6,6 Project Costs M Case study

PROJECT COSTS m 1

Water Source Development

RIver or Lake Intake klld

klld

klld

Spring

Weir

Borehole for the scheme No
Borehole + hand pump

Well + handpump

No

No

Pipeline
HOPE

180 mm m

Pumping St.1tion
HP

Storoge
Concrete kl

House Connection No
Yard Conneotlon No
Standpipe No

Construr;t/on Cost

Offioe Equipment

Tools

Community Participation

ProJeot Design

Pt'Ojtlct Supervision

313

R 50,266.67

R 50,266.67

o
o
o
o
o

5000 R255,04 R 1,275,2001.00

29 R 5,200.00 R 150,800.00

572 R 270,38 R 154,657.31

133 R 1,400,00 R 186,?-00.00

1506 R 1,100.00 R 1,656,600.00

45 R 1,575,00 R 70,875.00

R 3,544,598.97

1.50% R 53,168.98

1.00% R 35,445,A9

1,00% R 35,445.99

Lump Sum R 54,000.00

2.50% R 88,614.97
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dIlAStl:'A29:
dOA.'iIl:C:al:
dIlASE:F29:
daASE:G29:
dflME:B30:
dIlASB:C30:
dBASS:~:
dBA.'iti:G:)O:
dDASE:1l31:
d6ASE:ca1:
dDASI:l:F31:
dDASE:G31:
d!lMti:B32:
dOASE:C32:
dDASS:Il33:
dDASB:CQ3:
dBASIl:!l3-4:
d!lASS:C34:
dI'lAS!l:E34:
dIlASll:H34:
dIWlll:I34:
d!lASE:B3ll:
d!lASE:Cat!:
dIlASE:Il(\6:
d!1A.SE:H~:
dBASE:13Il:
dDASS:B3(l:
d3ASS:C3G:
dIlASE:fWJ:
dBASS:H:lIl:
dDAS!l:I3G:
dBASI.1:D(l7:
dDASIl:C37:
dDASE:B40:
dflASE:D40:
dBMI:l:F!AO:
dBA!I! ,:oiO:
dBASE:D41:
dBNlIl:~1:
dDA!ltl:E41:
dUMll:G41:
d8ASIl:1«1 :
dIlAStl:tl42:
dIJASU:D42:
dDASa:E:42:
dOA!lIl:Q42:
dDAStl:1l42:
dDASC!:D46:
dIlASIl:E46:
dIlASI3:14U:
dBASI.l:J.46:
dDAS!l:D4G:
dDNl!l:E40:
dBAS£I:140:
QOASO:J40:
dOASI:l:P4'1:
dIlASEl:E47:
d!).I\50:141:
dOMIl:J.47:
dOASU:L\4U:
dIlAtJIl:E41l:
dBASIl:I4U:
dMS[J:.140;
d!JAS[J:D40:
dllA!lB~E"O:
d&ASE:140:
dIlASEl:J40:
dBNlIl:I>SO:
d!lASI'l:E60:

DATABASe.;!

·110
01.33
.76
21
·1CO
17.6
-63
16
·00
01.29
>60
10
-GO
20.68
..to
13.00
-32
0.40
PVC
puml'lr.1I
Grdvl\y.:w
G.3l)
Dlum~ter oYnew plpellrlll
(lJV1..00KUP(.1·CALC:$Q$123,$F$10 ..$G$:)f ")'.1
~V1..00KUP(·1·CALC:$Q$1:m,$F$10 ••$Q$31,O)'·1
·20
3.:W
Unit cost
@)V1..00KUPWCAl.C:$Q$1~,$1"$1!M;G$31,~)
@)V1..00KUPWCAl.,C:$G$1:W,$I'$1ll,,$G$:l1,1)
·111
2.3
HDPO
pumping
GrQVII\'
Tabla m~~1Il0QNot i\Jlpllcabla
Dla'TIctcr of now plpellno
@V1..00KUPI·1·OAl.C:$G$12S,SB$10 ..$C$37,O)·.1
@)V1..00KUP(.1·CAl.C:$G$130,$1l$10 ..$C$37,1))··1NANA
UnltcoGt
(tjVI.OOKUP(.1 "CAl.r.:$G$121,$D$1 1:1.. $0$37,1)
(!jVl.OOKUP(.1·CAl.C:$G$1 30,$8$1 U..$C$37,1)
lilANA
ADla. (mm)
AAC clZ4
·Dla. (him)
"OMS
.1000
010
·100
112
·900
771
·100
71
.OOQ
GO~
-ee
40
·700
612
,(>5
30
-GOO
3!l2
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APPENDIX G .. Formulas 011 The Model Worl{sbects

eI, ~i1:"5:
dUA.flli':!l7:
deML~:Il7:
dUI!!lF' ','
dDASI!;I!~:
dlWll!:lll):
d£JA.'lg:t:O:
dBASE:D11:
dBASE:E11:
dBASI!:fl11:
dBASE:G11:
dIlASE:H11:
dBASt!:f:l12:
IlBMlIl:C12:
g!lASIl:P12:
d8ME:fl12:
dflNi>E:G12:
dIlM!l:H12:
dBAIUl:013:
t.BASE1:C1$:
dSASI:1:P13:
dBASIl:P13:
d£JAStl:G13:
dl3A!lIl:H13:
dBASE!:B1G:
dBASIl:D10'
dBA!lE:Cl0:
dBNlfJ:ll10:
dBASEl:G10:
dDASD:B1D:
dDME:C111:
dDASIl:fl10:
dBASE1:010:
dBNlE:B20:
dDASIl:C20:
dBNlEl:fl20:
dBA.11J:G20:
dIlASll:El:U:
tl1lASIl:C21 :
dOMIJ:F21:
dDASIJ:G21:
daASE:I'l22:
dBASrl:CZ!:
dUIIS!.!:F22:
dDASIJ:G22:
dIlASB:U2'J:
dBASE!:C2'J:
dDASO:fl2'J:
dMsn:G23:
dDASI'l:a24:
dDASE:C24:
dIJASE:P24:
dUASl1:024:
dDASIl:U2!I:
dDASEl:C2G:
dllA!l[]:F2!!:
dDASEl:02!!:
dDNlI1:01l6:
dDASF:l:C:2(1:
dONlIl'P:IG:
IlIWnI:QI\(l:
dDASfl:D27:
dDASIJ:C:27:
dOAS!l:fl2'7:
dDNlIl:G21:
dONlIl:£J20:
dDA!l[l:C2I.1:
dDMEl:F2I.1'
dDASE:020:

DATADASIl·1

PIPES
'Maximum velocity (m/n)
(I
'Mlnlmu," veloxlty (m/a)
1
'AVllrnoa velocity (m/a)
1.!1AN:J
ACI
AHDPE
I'VO
AaMS
AM.x dla
'(mm)
1000
III!O
400
160
AMlndln
'(mm)
160
16
60
16
'Unit Cost of pipe p\lr motor. Rand8
APia. (mill)
AI~PI'E!
ilDI •• (mm)
APVCcl:ll4
0450
11173.39
0400
!14~
0400
121)6.46
45~
430
.3OQ
633.Q6
41U
330
.21)0
400.00
21)0
209
-221.1
216.0(1
-200
130.:zoo
316.00
-1IiO
00
-100
2115.04
'140
71
·1IiO
20M2
.12«
61
-160
103,'1".;1
·110
46.~~
1~.OO,00
30
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APPENDIX G - Formulas On The Model Worksheets

d£lASE:£l~:
dIlASIl:£l7:
dBASI'::Il7:
dBASE!:BlI:
dBASE:EB:
dBASE:B9:
dBASE:filO:
dt1ASI'.1:011:
dBASE:El1:
dBASE:Fl1:
dBAS!!:Gl1:
dIlASE:HH:
daASE!:tlI2:
dBAS!l:CI2:
daA.'lE:D12:
llaASt::FI2:
dBASE:GI2:
daASE:HI2:
dBME:Bl$:
dBASe:CI3:
dBASE:DI3:
dtlA',I!;:F13:
dIlASe:GI3:
dBASe:HI3:
dBASE!:B111:
dBASE:1:110:
dBASE!:CIB:
dBASe:F1B:
dIlASe:Glo:
dBASE:BI9:
dBI\IlI::ClO:
dBASIt:PI9:
dBASe:Ole:
dElASa:il20:
dI3ASE:C:\o:
dBAStl:P20:
dElA!lI'I:Cl20:
dBASe:B:!!:
tlOASe:C21:
dl3N1tl:F~:
dBASE!:G21:
dOASIl:D22:
daASe:C22:
daASB:I'22:
dElASIl:G221
dDASl'!:n2'J:
dBASIl:C23:
dIJASU:F23:
dBME:G23:
dDI\IlIl:a24:
dIlASI1:C24:
dDASE:I'24:
dDNlU:G24:
dDASum~:
dOMS:C26:
dDASIl:P2!l:
tlIlASU:02!l:
dBNlIJ:B2G:
dIlAS!l:C2G:
dDASIl:F20;
dBASIl:Cl2G:
dIlASIl:D27:
dDAlJIl:C:rr:
dDAlJIl:F27:
dDASIl:all?:
dOA!ltl:D2tI:
dDMa:02tl:
dDASIl:F2tI:
dllllSt:!:G20:

DATAIlASE·1

PIPES
'MuxlmlJm veloclt¥,mls)
3
'Minimum veloelty (ml~)
1
'Av~mll(! Vllioeity (ml~)
1.6AAC
ACI
ANDPE
PII':l
'GMS
AMoxdla
'(m",)
1000
I)!i(I
400
160
AMln dla
'(mm)
160
16
60
16
'Unit cost of plllQ IlQr mlltcr • Rands
·Pln,(mm)
AIlOfiE
AbIQ, (mm)
APVCcl24
....eo
167'3,$9
....00
tl43
",,00
12150.46
o.3IlS
430-eee
633,00
0I31D
336
·~O
400.03
-2150
:;'00.
·228
31G,00
·200
1:lS
-200
315.00
0'1GO
au
-100
2156.04
-140
71
-160
:\01.42
-126
67
'160
103.72
-110
4$
·1:!!!
120,00
-00
30
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APPENDLX l~ ~ Model Flnanclal Results

FINANCIAL RESULTS ~1

R 0.00

Project cost

Operation and Maintenance cost (p.a.)

Gront ..",.....~....."......
Soft loan

Commercial Loan ."'.."' "" .

Commercial Loan 0.0% Years

R 0.00

R 0.00

Annual repQymcnt

Soft loan
Interest Ratti Repayment Perlod

0,0% Years

IDepreclatlon • fixed Instalmen~

Water Sources

caplta p.a

R 0.00

R 0.00

R 0,00
~.

R 0.00

kl

Plpellno

Pumpln(J

Storogo

Cost of wator HOUgeh1)ldp.a

To cover O&M only

O&M pillS dopr.,I\)lotion

...............u eRR<pr~IC5:E62> .

O&M+dopro::latlon ..• annual ropoymont ~ ERR<PRICe:ES6::- .

:::: .
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PROJECT COSTS ..2

Contingencies Lump Sum

Lump Sum

Lump Sum

Training

Community contribUtion

ProJeot location adjustment

Cost adjustment

rOTAI..COSr

COST SHARING
Government
Other Agencies
Grant
Soft loan
Commerolalloan

OPERATION & MAINTENANCe p.ll.
Water source
Borehole
Splino
Weir
River or Lake lntako

Well + HandplImp
Borehole'" Handpump

Retloulatlon
Pipeline
Pumping
Storogo
Stuffing
Administration

% ofCAP!:X

.. "ft._ .. ., ..... ,..'t\! ••
*Ir ..... "'.w •••••••••

rota/p.u.

RO.OO

RO,OO

RO.OO

•• t .

RO.OO

." •••••••• .;r •••••••••....",......,...."...
•••••••••••••••• *'Iti.
••••• *.... **•• ***"'••
••••••••• t •••••••••

5
5
5
5

5
5

RO.OO
RO.OO
R 0.00
HO.OO
RO.OO

R 0.00
p 0.00

R 0.00
RO.OO

RO.OO

A Decision Support Sysl(~mFor r~ur.1lWater Supply InMozll1l1hiquc
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PROJECT COSTS ..1

Water Source Development

River or Lake lntake kUd

Spring kl/d

Weir klld

Borehole for the s-heme No

Borehela+ handpump No

Well ... handpump No

Pipeline

m

Pumping Stlltlon

Storage
kl

Houee Connection No NA

Yard Conncl~tlon No NA

Strmdplptt No NA

Constructlof) Cost

Offlae Equipment

Tools

Community Participation

ProJoot I:)osion

ProJoct Suporvloion

R 0.00

0 RO.OO

0

0

0

0

0

0

*....................

RO.OO

RO.OO

R 0.00

RO.OO

Lump Sum RO.OO

Lump Sum RO.OO

Lump Sum RO.OO

Lump sum RO.OO

Lump Sum RO.OO
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PROJECT REPORT • ~

......._-----'_._-----...------
PIPl)\ln~ DIQlTlotor and MtltoNilI

fllpollno lonoth

MtuQIFlow

PI(,<lllna Capnclty

PIPl)lIno COp.clly In EXCOOQ

kl

~I

kl

kl

OIlMtyIlOhl"""

PIPl)lIno DIQlI\otor and MrMrlnl

P'Pl)lilio Lonolli

i\(;1uQI Flow

PIPl)lina ebPllclly

PII)flIIIII) l ~PIlClty In Excouc

8l1>ttg.

!)xlntlnn Capacity

RCQull1)dCapaclly

Additional Capacity Hoqulrod

Capacity In ExconQ

w."" Ttt.uIM"1
Piltrntlon. Sulfeco Wator
rillralion. Ol1)undmtor
g:~:~:~~~~~:g~~n~~~\tor

kl

kl

k'
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APPENDIX D • Model project Report

PROJJ;CT REPORT ·1

-
beserlptlon Current SltuatJon Proposed Project

PopulQllon poopl. poopl.

Gll)wth RBla 00%

Population Ot!nBlly F~R.C"lC 013> u......... hu.

Pll)jOCI Horizon YO~1l)

TotJl Oorr..::tii W~lol Domond kUd kVd

seheme WnW dotnMd kUd kl/d

Other Wolor domOnd IIUd kUd

Total Domund kUd kVd

Nutn"", of Hou~o oonnllCllon ERR<C,>,LC Cl25> ........... t ....

Num"", ~f Ya,d Illp; ERR.CALC 02'1' ......... ,......
Numbl!' of GllindplPOO ERR.CIILC G2ll> ................
Num"",o' handpumpo 0 "'~'i"'.'"
Numb.r of Wate, Polnw V:mln I'lllIking dl.bIOCo) .................
Wain' Source Capacity kVd kVd

W,to, Sourco In E:xc\'iI~ fo' Oomollllo Demand ....~u•• kVd

Waler Sourco In E:xC(oOfor TOlal Demond it .......... kUd

Waler Sourco Deve ,opmonllor lithom. OIlmand
Dem"nd kUd kUd
Walt" SOurcoo AIr.lllQhlllly kUd
IlorohQlo!\ 0% kYd
Wolt 0% kVd
Opting 0% kVd
RIverorl~k~ 0'l6 kVd
TOTAL 0% kIM

WQlor Soure. tltMllopmont 10' Uaom NOT SoIVlld by Iho Oohoo
Domond kl/d
0010110100 0'l6 Wd
Wolle 0'l6 kV~
Tolnl 0% hIM

I'ol11lllna lIolt." ...

PumplliO RoqulrQm~ '.

PumplliO IMlaliod CapaclW

PuO'"lna COPlICl1yIn tXCQCll

11umprno 10b<lln~lllll"d~----~--_._'"' - ~ ._ _._ ... -

A Dcclslon Support S:"sl(lm For Rurul WUl(,f Supply 111Mmmmbiqull
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TECHNICAL CALCULATIONS· 3

Water Source Development for scheme demand
Availability:
Boreholes 0%
Weir 0%
Spring 0%
River or lake 0%

TOTAL.

kild

kl/d
klld
klld
kl/d
klld

Water Source Development for Usors not served by the scheme
DemFlhd klld~~~. ~ ~
Wells 0% ilild

fotal 0% Wid
Number of har: Ipumps 0

Pumping scheme
Pipeline Requiroment
Present pipeline capacity
Required capacity
Flow III excess
Ulameter of the now pipeline
Velocity

Pumping requirement
SXlstlng pumplt'lg capacity In excess
Head tess
Total Head
ReqUired capacity
Capacity to be Installed kW

Gravity scheme
Present pipeline capacity
Required capacity
Flow In excess
Diameter of the new pipeline
Velocity

Storage
Existing storage
Total required storage
storage to be constructed

.0 lis
*•••• **••",*•• 11.*
••••••••••• 1\ ••••

••••••••••••••••
1.50 mls

kW
"'....u••tt .......
•••• **••• "'••••••
...... *Jt .... *••**.
................ HP

.Ol/s
•••••••••••• ,.r, •••

'11.*11 •••• ' ...

.**.'11 ••• "•••••••

kl
III
kl

NA
NA

HP

**~••***.*"'*
*••• "'•• 11' ••••

NA
NA
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TECHNICAL CALCULATIONS· 2

kW•• **.*.<Ir.. • "'•••••Installed capacity
Pumping capacity ln excess

Gravity scheme
Present pipeline capacity
Dlsmeter
Area
Actual velocity
Actual flow
Possible flow
Capacity In excess

storage
Existing storage
Required storage
storage In excess

Water Treatment
Existing treatment facilities
Required treatment facilities
Treatment facilities In excess

Proposed Scheme

Populal!on In year

Future population density

Future Total Domestic Water Demand

will beJ

other FutUre Water Demand

Future Scheme water demand

Total Future Water Demand

Future number of house connections

Future number of yard connections

Future humber of standpipes
Number of water point as f:{mln walking distance)
Future number of hand pumps

Present Water Source Capacity In Excoss

mm
.000(.' m"2.................

** .
.0 lis............ **•••

kl
kl
kl

people

kilo

klld

Id/d

klld

••• <o\ ••••••• *~•••
•• .".... ***......
...... *tr•••••••• *

klld

HP
*** ••• t,.*" ••

. .

A Decision SupporL Syslem ~)r Rural WaleI.' Supply In M,'zull1hiquc



APPENDIX C - Model Technical Calculations

TECHNICAL CALCULATIONS ..1

Current Situation

eXisting population

Growth Rate

Project Area

People per household

Current population dcmslty

Population In year o will be

Present Total Domestic Water Demand

Present Scheme water demand

Other Pws"lnt Water Demand

Total Pms·)'t Wat~r Demand

Current number of house connections

Current number of yard connections

Current number of standpipes

Current number of hnndpumps

Present Wp~"r Source Capacity

Water Source In excess for Domostlc demand

Water Source In excess for Total demand

Pumping scheme
Present pipeline capacity
Diameter
Area
Actual Velocity
Actual flow
Possible flow
Capacity In OXCGSS

Present pumping requirement
Head lo;;s
Total head
Pumping requirement

people

0.0%

ha

o

people

klld
klld
klld
klfd

klld
klld
klld

mm
.0000 m"2'.it••~.* ~

...... iI ••• "'·"'•••••

.0 lis
.... '#1: •••••••• "' •• ."

• .".tt •• #rti ••••• "'••

•••••--..•.,... u
..**••• " .

••••••••••••

. ."."..
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INPUT DATA· 4

Commun~y Participation
Provision RoqulroQ (Y'yos, N-na)
Lump Sum (Amount, N-N<>tappllcablo)

(')flIeD Equlpmont
Provh,lon Roqulto<l (y-yos, N·no)
Lump Sum (Amount, N-Not appllcablo)

Toels
Provision RoqulrcQ (Y'yos, N,no)
LuI'"· Sum (Amount, N·Not appllcablo)

iralnlng
Provlnlon Required (Y'ye$, N·no)
Lump Sum (Amount, N·Nol applicable)

Project funding
GQvQmmonl

% of iotl~1 cost
tump eum

OIhor Agoncloo
% of Tolal cost
Lump num

Grant
% of TOIal cost
Lump cum

SoltL.oM
% of Totnl cost
Lump uum
Intoro&t rete (%)
Porlo<l of ropaymont (yoar&)

Commorclal LOan
% of Tolal cost
l.umpnum
Intorost rate (%)
Perloll of repaymont (yoaro)

Operotlnl] Co~tn (Staffing)
Siamna • number of moo yearn per annum
Managor
Supervloor
Artisan
Clark
Labouror

Stuffing· rato (ranQs per man-yoar)
Manouor
Suporvl~or
Artlnon
Clark
LnboUfllt

A Decision Suppor] Sysh,'!".l For Rural Woler Supply In Mozlllllhique
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cALC:El05:
CALC:G1r.6:
CALC:a105:
CALC:E106:
CALC:G106:
cALC:B107:
CALC:G101:
CALC:a110:
CALC:9111:
ClALC:G111:
CALC:B112:
CALC:F112:
CALC:G112:
CALC:Il113:
CALC:fl113:
CALC:G113:
CALC:B114:
cALC:F114:
cALc:0114:
CI\1.C:9116:
CALC;0116:
CALC:B110:
CALC:1'I119:
CALC:B120:
CALC:0120:
CALc:1'I121:
C-",\..C:0121:
CALC:9122:
CALC:G122:
CALC:B123:
CI\1.C:0123:
cALO:1123:
CALC:1l1:'.4:
CALC:G124:
CALc:1124:
Cl\1.c:El12G:
CALC:e127:
CAl.C:G127:
cALC:1127:
CALC:El120:
CAJ.c:0128:
oALC:e120:
CALC:0120:
CALC:B130:
CALC:G130:
cALC:1130:
CIII.C:1'I131:
CJALC:P131:
CALC:G131:
CI\1.C:~1131:
C.I\I.C:1131:
CALC:1l134:
CALC:B13Ih
0I\1.C:0136:
0I\1.C:B136:
OAL.C:G136:
CALC:B137:
CALC:G131:
CALC:B136:
CALC:G136:
CAI.C:1136:
r.ALC:B139:
CI\1.C:G139:
CALC:f139:
CALc:e141:
cALC:B142:
cAl.C:G142:
CALC:B143:
CALC:G143:

TECHNICAL CALCULATIONS· 3

@ROUNO(@JF($G$101>O,$G$101iJ$G$101,(!lIF($G$105::0,0,O)),2)
@ROUND(!)IF(INPUT:$C$98=O,0,(INPUT:$C$9Il'3GOO'24I$G$101)),0)
RIver or lake

@ROUNt)(!)IF($(;$101>0,$G$1001$G$101,@IF($G$1OG::0,0,0)),2)
(llROUNO(INPUT:$C$9!1'3SOO'24/1ooo,0)
TOTAL
@jSUM($G$103..$0$106)
Water source DeVelopment for Users not served b~the scheme
Oemand

+$G$6!).$G$07
Borehola~

@IF($G$111>O,$G$112j$G$111,@IF($G$112=0,O,0))
+IN"'UT:$C$104'INPUT:$C$106'3.G
Wells

@IF($G$111>0,$0$11Sl$G$111,@IF($G$113::0,O,O))
+INPUT:$C$102"INPUT:$C$103'3.B

Total
+$F$112+$F$113
+$0$112+$0$113
Number of hondpumps
+INfoUT:$C$103+INPUT:$C$106
pumping scheme
Plpelln~ Requirement
Present pipeline capacity

@IF(INPUT:$C$14S="Y",$G$4S,0)
Required cllp~elty

@ROUND($0$07/36OOIINPUT:$C$125'1000,1)
Flow In exceas

@IF($(;\$121>0,$0$121o$G$12O,0)
Diameter of the new pl~lIn(:

@jROUND{($G$122110001dBASEl$E$9"413.14)A(0.6)'1ooo,O)
@IF(@ISERR(dBASE:$C$GU),"NA",dBASE:$C$6U)

Velocity
+dBASE:$E$9
t!JIF($1$123='·NA",$I$I23,@lROUNDI4"$0$1221100013.1411$1$12311000)'2,II))
purnplnll requirement
Existing pumping capaCity In excess

@IF(INPUT:$C$14!P"Y",$0$63,O)
@)ROUND($0$127'1.3404,0)

Head Loss
(!jROUND(@IF($0$123<t:O,0,dBASE:$F$143'INPUT:$C$121'(dflASE:$E$9)1021(19.62'$0$12311000»),0)

"otal Hentl
+$O$128+INPUT:$C$128

Required capacity
@ROUND{$Q$12211000'$0$129'101(dBASe:$E$1101100),0)
@ROUNO($O$13O'1.ll404,0)

Capa~ltll to be Installed
kW
@1r:($0$13O-$G$127<O,0,$0$130-$Q$127)
HP
@)ROUNO($G$131'1.3404,O)
Ornvlty sch~ ,1lC
Pre~ent pllX!;:nQ capnclty

@\IF(INPUT:$C$14(t:"V",$C$46,O)
Required ~bpaclty

@ROUNC($0$07/36OOIINPUT:$C$125'1ooo,1)
FloW In excess

@IF($G$13G>s:0,O,$0$130-$0$135)
Diameter of the new plpalll1t1

@JROUNO«dBASE:$J$143'INPUT:$C$121'($G$137/100())'~(2'INPUT:$C$123'9.81'(3.1414)'2))'O.2'1ooo,0)
(!lIF(@ISERR(dBASS:$O$6U),"NA",dBA!le:$O$G8)
Velocity

@lROUNO(@IF($G$137~t:0,0,4'$0$137/100013.14/($0$131l/1OOO)'2),~)
{!l1F($1$138:l"NI\",$1$136,@ROUND{4'$G$1371100013.14/($1$13811000jA:!,2)1
Stotaoe
I;lXlsting storage

+INPUT:$C$147
"ot~1 reqult~d ~torQge

+$G$B'I"INPUT:$C$109

A Decision Supporl System For Rur"l WnLer Supply In Moz,mtbi'lue
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CALC:F63:
C~J.C:GG3:
CALC:16S:
cALc:aSG:
CALC:BIiG:
CALC:BS?:
tALC:OS7:
CALC:B60:
CALc:Gse:
CALC:BS9:
CALC:GGO:
CALC:BGO:
CALC:OGO;
cALC:B!),I:
c:ALC:GG1:
CALC:BG2:
CALC:OG2:
CALC:lG2:
CALC:ElM:
c:ALC:llGG:
CALC:~GIl:
CALC:BGG:
CALC:G6II:
CALC:I.'lG'l:
CALC:GG'l:
CALC:S69:
CALC:B70:
CALC:S?I:
CN.C:B7l!:
eALC:A17:
CALC:D7lI:
CALC:071l:
cALClm:
cALC:079:
CALC:B01:
CALC:G01:
CALC:B83:
CALC:G83:

cALo:eOG:
CALO:GOG:

CALc:e07:
CALC:G07:

CALc:eil9:
CALC:GOIl;
CALC;sol:
CALC:GI)~:
OALC:B~:
CALC:G93.
CALC:BOG:
CAl-C:GOG:
Cf<LC:B9G:
CALC',G9G:
CALC:B9?:
CALC:G97:
C:ALC:6!)9:
CALC:Olltl:
CALC:B101:
CALC:G101:
OALC:S102:
CALC:1l103:
':lALC:tl1b3:
CALc:alb3:
c:ALc:e104:
1?Al.C:E104:
c.'IJ.,<::Ol04:
CALc::a1(lfJ:

Pa c 111

TECHNICAL CALCU;..A,'ONS. 2

t'!lIF($O$53<=O.O,t'!lIF($G52<cO,O,$G$!i3/$G$S2))
t'!lIF(INPUT:$C$14G-$G$61 <O,O,INPUT:$C$146-$G$51)
t'!lRtJU~10(1,3.404'$G$~3,O)
Gravity scheme
Present Plp~UM capnclty
Diameter

+INPUT:$C$1 ..:a
I\(c.

t'!lROUNO((INI)UT:$C$14211000)"2'3,1414,4)
Actual velocity

t'!lROUND(((2"9,01*1NPUT:$C$14311(1+(dSASS;$JS141*1NPUT:$C$1441(INPUT:$C$14211000))))h(O,6),2)
l\etulinow

@lROUNO($G$!'i9'$G$5Irlooo,1)
Possible flow

C!)ROUNO(dBASE:$E$7'$G$$3'1ooo,1 )
capacity In eXcess

t'!lIF($G$61-$G$6O<O,O,$O$G1-$G$GO)
C!)IF($G$G1<O,O,@lIF($G$G2<O,O,$G$G2/$G$G1))
!ltor.go
Exlstlo{) storage

+INPUT:$C$1~?
Rcqulred .torago

+SG$19'INPUT:$C$109
Stor~go In I\XCIISS

(IlIF(SGSG6-$G$GG<O,O,$G$GG-$G$GG)
Water TrllntmQllt
ElI.lstlno tl'entmen! fAcllltlcs
Required treatment facilltles
Trelltment facilities In eXcess

Propoeed Schome
PopUlation In yc~r
+INPUT:$C$'13
will be
(ljR(lUNP(((INPUT:$C$9)'(1+(INPUT:$C~1'IV100)"(INPUt:$C$73)),0)
Futuro popUlation density
(!)ROUNO($G$79IINPUT:$C$13,O)
Future Totnl Domesllc Waler Dllmnnd
(!jROUNO(($G$79I100'((INPUT:$C$44*1NPUT:$C$t!4)+(INPU'I':$C$4S'INPUT:$C$56)+(INPUT:$C$4G'INPUT:$C$B9)+(INPUT
:$C$47'INPUT:$C$57))'(1+INPUT:$C$1191100))l1000'1NPUT:$C$114,OI
othor Future Walor Oom.nd
@ROUNO(((INPUT:$C$48"fNPUT:$C$G4)+(fNPUT:$C$4&,INPUT:$C$GG)+(INPUT:$C$50'INPUT:$C$GG))'(1+INPUT:$C$110)
'INPUT:$C$'114I1ooo,O)
Puture Scheme wAter demand
@lROUNO((SG$79I1IlO'((INPUT:$C$44'INt>UT:$C$64)+(INI'UT:$C$4S'INPUT:$C$65)+(INPUT:$C$1G'1NPUT:$C$6G))'(1+INP
u'r:$C$119/100))l1000'INPUT:$C$114,O)+~J$00
Total Future Water Pamnnd
+$G$OO+$G$33
Future number 0' h()U50 ccmnectJonu
@ROUNO($G$79I100'lNPUT:$C$54IINPU'f;SC$16,O)
Puture number (1' ynrd connectlono
(lJROUNO($Q$79I100'INPUT:$C$66I1NPUT:$C$i6,O)
Future! number of standplpos:
@ROUNO($G$79I100*1NPUT:$O$GOIINPUT:$C$60,ll)
Number of water pOIlit lIS f:lmln walking dlatnn~o)
@ROUNP(INPUT:$C$13*1000C1(INPUT:$C$G1)A2,O)
Fllturo number Of hand pumps
@HOUNO($G$'fll/100'INPUT:$C$67I1NPUT:$C$60,O)
Present Wattr l;oUrcQ Capuclty In f!l.CftllS
+$G$37
Water Source oevalopll'ent for scheme demand
(!)IF($G$tl9-$G$99<O,O,$G$69-$G$OO)
A\'nllnblllly:
Dorehota!

(l)ROlJNO{C!)IF($G$101>O,$a$103/$G$101,(I)IF($G$1I)3!::Q,I),O)),2)
C!)ROUNO(INPlJT;$C$93'INPUT:$C$!)4'3GOO'2411000,O)
W~lr

t'!lRaUNO(t'!lIF(¢G$101>O,$G$104I$G$101,®IF($Q$1001c;O,O,O)),2)
(l)ROUNO(INPUT:$C$!)7'3EiOO'2411000,O)
Spring

A Decision Suppor; Syslem F()r Rural Waler Supply In Mozambique



Appendices

CALC:A3:
CALC:BS:
CALC:GS:
CALC:B7:
CALc:Gl7:
CALC:B9:
CALC:GO:
CALC:B11:
CALC:G11:
CALC:B13:
CALc:em:
CALC:B1S:
CAl.C:D16:
CA!.C:F1S:
CALC:G16:
CAl.C:B17:
CALe:G17:

CAl.C:B18:
CALC:G1a:

CAl.C:B21:
CAl.C:G21:

CALC:BI:3:
CA!.C:G23:
CALC:B26:
CALC:G26:
eALC:B27:
eALC:G27:
CALC:B29:
CALC:G29:
CALC:B31:
CALC:B33:
CALC:G33:

CALC:B36:
CAl,C:G3S:
CALC:I3S:
CALc:rl:l7:
OALC:G31:
CALC:137:
CAl.C:B39:
CALC:B40:
CAl.C:B41:
CALO:G41:
cALC:1l42:
OALC:G42:
CAl.C:Il<l3:
CALC:G43:
CA!.C:B44:
CAl-CIOM:
CALC:B45:
CALC:G46:
CALC:B4G:
CALC:G46:
CAl.C:14G:
CAl.C:B4fl:
CALC:G4(l:
CAl.C:G49:
cALC:BSQ:
cALC:Cl50:
CI\I.C:B51:
CALc:G01:
CALc:161:
CALC:BS2:
CALC:G52:
CALC:162:
cALC:1l63:

TECHNICAl. OALCULATlONs.1

currant Situation
'I:'.xlstlno population
.,NPU'I':$C$9
'Growth Rata
+INPU'I':$C$1111oo
Plojnet Area
+INPUT:SC$13
Peoplo per household
+INPUT:$C$16
current population density
+INPUT:$C$91INPUT:$C$13
Population In yoar
+INPU'I':$C$73
will be
@ROUN[)(((INPUT:$C$9)'(1+(INPUT:$C$11)1100)A(INPUT:$C$73)),O)
PrcMnt Totnl OOmestie Wilier Demand
(!'lROUN[)(INPUT:$C~9)1too)'((INPUT:$C$11l'INPUT:$C$20)+(INPUT:$C$11l'INPUT:$C$29)+(INPUT:~C$2()'INPU'I':$C$:>,,(»)
+(lNfJUT:$C$21'INPUT:$C$31))'INPUT:$C$114/1000'(1+INPUT:$C$1181100),0)
Prosent Scheme water darnal1d
@ROUNl)«(INPUT:$C$9~1 00)·«INPUT:$C$11l'INPUT:$C$20)+(INPUT:$C$11l'INP'; ,':$C$29)+(INPUT:$C$2O'INPUT:$C$Sll)
)'INPUT:$C$114/fllOO"(1+INPUT:$C$11811OO),O)
Other Present Water DemDnd
@ROUND((((INPUT:$C$22~NPUT:$C$3a)+(INPUT:$C$23"INPUT:$C$39)+(1NpUT:$C$24'INPU'I':$C$40)+(INPUY:$C$2Il'INP
UT:$C$41))'INPUT:$C$11411000'(1+INPUT:$C$11011oo)),OI
Total Prc8fml Water Demand
+$G$17+$G$21
current number of houso cenneeuens
+INPUT:$C$Il/INPUT:$C$16*'NPUT:$C$~I00
Current number 01 yard connections
@ROUND\INPUT:$c$9IINPUT:$C$16*INPUT:$C$291100,O)
Current number of slhl'ldplpo9
@lROUND(INPUT:$C$9'INPUT:$C$30/1~INPUT:$C$34,O)
Current number of nandpumps
Present Water Source Capacity
@ROUNO((INPUT:$C$7Il'INPUT:$C$7I*INPUT:$C$62+INPU'I':$C$BaHNPUT:$C$G4+INPUT:$C$Il7"INPUT:$C$OO))'3G00'2
411000,0)
Waler source In excess tor Domestic demand
+$0$33-$0$17
@ROUN[)(@IF($G$37<O,O,$G$361$0$33),2)
Waler Source In excess for Tot~1 demand
+$G$:I..'I-$O$23
@R01Jr-.tl{@IF($O$37<O,O,$G$37I$G$33),2)
pumping schema
Present plpoline capacity
Diameter

+INPUT:$C$142
Area

@ROUND(INPUT:$C$14211ooo)A2'3.1414.4)
Actunl Velocity

@lROUNlj($G$1911NPU'I':$C$121l13GOO1G42,2)
Actunl floW

@lROUNO($G$191INPUT:$C$12613GO<r1ooo,1)
Posslb!llliow

@ROUN[)(~$42"dBASE:$E$7'looo,1)
Capacity In excess

@l1F'($G$4t;..$O~<(I,O,$0$4G-$G$44)
@lROUNO($G$4Eo~INPUT:$C~126"3liOOltooo,l))
Pruant p .nplng requlrement
Head los8

@ROUNO(dflAS!l:$F$141'INPUT:$C$144'($G$43)A2I2J9,01/(INPUT:$C$14211 000),1)
Total hend

+INPUT:$C$143+$G$49
PUmping rAqulrornont

(ljROUNO(1 0'$0$60'$G$1 D)I(INPUT:$C$1?.6'3GOO'( dDASE:$1l$1101100)),1 )
@jROUND(1,3404'$G$61,O)
Instnlled capacity

+INPUT:$C$146
@lROUND(1,3404'$G$U:2,O)
pumping cllpnclty In IlXCIlSa



Appendices

INPUT:1I19G:
INPUT:BlIl7:
INPU1':B19G:
INplIT:B200:
INPUT:B201:
INPUT:B202:
INPUT:B203:
INPUT:l3206:
INPUT:B2QG:
INPUT:D207:
INPUT:B209:
INPUT:B210:
INPUT:a211 :
INPUT:B213:
INPUT:B214:
INPUT:B216:
IMPUT:B216:
INPUT:B217:
INf'UT:B210:
INPUT:B220:
INPUT:B221 :
INPUT:aZ!2:
INPUT:B223:
INPUT:B226:
INPUT:S22e:
INPUT:BZl7:
INPUl':B2?II:
INPUT:a22(l:
INPUT:a230:
INPUT:B231 :
INPUT:B23a:
INPUT:Il234:
INPUT:B236:
INPVT:Bi13G:
INPUT:B237:
INPUT:e238:

INPUTPATA·S

'rralnlng
Provision Required (V-yos, N·no)
lump Sum (Amount, N·Not applicable)

Project funding
Government

% of Total cost
t.umpsum

Other A(fencles
% of Total co~t
lUmpaUJT1

Grnnt
% or Total cost
lump sum

sen tean
% at Total coat
t.ump sum
Interest rate ('Yo)
PerIod of repayment (yenra)

Commerclnll,oan
'It ot Tohl cost
lump sum
Intarost rate (.It)
!Ierlod of re~nyment (yoare)

oporatlng Cost@ (Starting)
51('1100 -!lumber o( llIall yeara per annum
Man"oer
Supervisor
Artlaan
Cler~
labourer

staffing • rat~ (rands per mon-year)
Manr.ger
Supervisor
Ntl~all
Clerk
LubOuror

Pago 111
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Appendiccs

INPUT:B90:
INPUT:B99:
INPUT:B101:
INPUT:fl11l2:
INPUT:B103:
INPUT:B104:
INPUT:B105:
INPUT:B1OG:
INPUT:B109:
IN?UT:B110:
INPUT:B113:
lNPUT:B114:
INPUT:B117:
IN?UT:B118:
INpU'1':B110:
INPUT:B121:
INPUT:0122:
INPUT:8123:
INPUT:0126:
INPU'1':B127:
INPU'1':91so:
INPUT:0131:
INPUT:B132:
INPUUH33:
INPUT:B131i:
INPU'1':B13G:
INPUT:9137:
INPUT:El140:
INpUT:El141:
INpUT:13142:
INpUT:B143:
INPIJT:13144:
INPUT:131~6:
INpUT:B147:
INPUT:E141l:
INflUT:B149:
INpUT:B162:
INPUT:B163:
INpUT:D164:
INPUT:B'166:
INpUT:B1s0:
INpUT:0159:
INpUT:B1GO:
INpUT:D181:
INPUT:B1G2:
INPUT:81~:
INPUT:8164:
INp!JT:D1e,B:
INpUT:D1G6:
INpUT:13169:
INPUT:81'/0:
INPUT:B172:
INPUT:131'13:
INPUT:B174:
INPUT:817El:
INPUT:El177:
INPUT.i)1'1ll:
INpUT:81OO:
INPU'1':81111:
II'lIlUT:B182:
INPUT:B1U4:
INl'tIT:1l11J6:
INPUT:B1OG:
INpur:B111!l:
INpUT:B'II19:
INpUT:1l190:
INpU'1':0192:
INPUT:B11l3:
INPUT:13194:

INPUT DATA -:2

Spring (max abstractlo" rate lis)
Rlvar or Inke (mIX abS\lactlon rnto lis)
Water source for consumers not served by the scheme
Average well ylold (lis)
Number of well
Aver~ge borehl:1:eYield (lis)
Depth (m)
Number of bcrehele
'storage ReqUirements (No of dnys' demand]
Proposed Schel'll! Will Share E~lstln!] Storage? (Y-Yes, N·No)
'Peak factors
Dally
'Unaccountl\d·for water ('Yo)
prennt
Future
'Distance from wlilar soure, 10 highest point along tho plpellnt: (m)
Tolal dlulllllcQ <If pipeline
'Levals dlfforence Iltllweell water source and tho 1110hestpolnl to pump to (m)
'Numlltlr of l10urll ot dally function
'source or enol1lY (E-electrlclty, 0-<1108111,o-ether)
'RaW water quality
Turbidity (NTO)
Surface Wnl~r
Groundwnter

Plnle count per 100 ml
Surface Wat~r
Groundwater

'eXisting system
Pipeline
~iameter (mm)
Elevation (m)
L,;ngth (m)
Pumping capacity (kW)
StorngQ capac ltv (KI)
Proposed Scheme Will Share existing plpellno'? (Y.V ~S, N·No)
P~()po~ed scheme Will share E~lstlng PumpinG CapQclty? (Y·Yes, N·No)
'Mnt~rlals • Existing schema
BOreholo casing (S·steei, PVC)
Pipe (CI.cn~t Iron, HOPE, PVC, AC-Asbestos)
Reservoir (c-eonerete, s-steel, P'plastlc)
'Materials. pioposCKI scheme
Boreholn casing (S.steel, PVC)
Pipe (GMS-Galvanl%ed $t~el, HOP"', PVC, ACl-Allbeatos)
Reservoir [c-eencrete, a-steel, P·plnollc)
Borehole dlnmeter(4,Il,O,10 or 1~ lnches]
House connection (GMS,PVC,HOPE)
Yard Tap (GMS,pVC,HOPE)
StandpIpe (GMS,PVC,HOPE)
CommunIty contribution
Labour (Y-yes, N·l1o)
I.~mp S~ n (Amount, N-Not applicablQ)

Pro;ect De, on
Provl$lon ~cqulred IY-yao, N'flo)
Lump SIlt, I(Amount, N·Not appllcnble)

Pro!~t Supervision
PrOVision R~qulred (Y.yes, N'flo)
Lump Sum (Amount, N-NQt applicable)

Conllnoencles
Provision Required IY-yes, N·no)
Lump Sum (Amount, N-Not applicable)

Community Participation
PrOVision Required IY-yo8, N·nlll
Lump Sum (Amount, N·Not appllcablo)

Offlco Elqulpmont
Pro'Jlslon Required (Y'yen, N-no)
Lump Sum (Amau"I, N"Not llppllcnblo)

rl:1Ols
PrOVision Required (V.y~s, N-no)
L.ump Sum (Amount, N-Not appllcablo)

A Decision. Supporl System For Rural Wnltlr Supply In Mmmtllbiquc
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INPUT:113:
INPUT:B5:
INI>UT:B1:
INPUT:89:
INPUT:811:
INI'UT:013:
INpUT:816:
INPU1:817:
INPUT:B10:
INPUNI1fl:
INPUT:820:
INPUT:B21:
INpUT:822:
INPUT:823:
INPUT:B24:
INpUT:Il27:
INpUT:')28:
INpUT:B29:
'''IpUT:B30:
INpUT:8~t:
INI'UT:032:
INpUT:B34:
INI>UT:B3Ii:
INpUT:B31:
INPUT:B38:
INPUT:038:
INPUT:El40:
INpUT:S43:
INPUT:644:
INPur:a.46:
If,!PUT:B46:
lNpUT:047:
INPUT:B40:
INPUT:049:
INPUT:860:
INPUT:B63:
INPUT:BS4:
INI>UT:B66:
INPUT:BIi6:
INPUT:B57:
INPUT:B60:
II-IPU'I':I300:
INpUT:1.161:
INPUT:BG3:
INpUT:B64:
INpUT:B66:
INpUT:B6Il:
INPUT:B(IIl:
INPUT:B71:
INPUT:B73:
INPUT:B7G:
IN"'UT:676:
INPU'r:8'Tf:
INPUT:D7U:
INPUT:B7fl:
INPUT:B01:
INPUT:B02:
INPUT:P03:
INPUT:tlll4:
INPUT'BOO:
INPUT:B07:
INPUT:lIOO:
INPUT:BDO:
INPUT:B!I1:
INPUT:B92:
1~!>UT:B93:
lNPUT:B94:
INPUT:BOO:
INPUT:B07:

IUPUT DATA-1

ProJer.t Name
Project Number
Provlnc~ (Only nrst three characters e.ll. NAM tor Nampuln)
'PopUlalion
'Population Growlh Rate ('!o)
'ProJect area (Hal
'Average number ot people per household
'Pre~flnt per capita consumption (lipId)
He Joe connection
Yard Connection
Standpipe
BQndpump
Student
Hospllal beds
Worker

'Prelon! pt:rcenlJlao 1;0' people eerved by:
House connection
Yard cunnectltm
SWndplptl
Hftndpump
Other

Number Ilf people .~rved by a wnter polli' (e.g. atandplpo)
Malllrnunl walking dlstanco to water point (111)
Number I":
students
Hospital bed!1.
Workerll

'f'uture per capita eensumptlon (lipid)
House eenneenon
Yard Connection
$t~ndplpe
Hnndpump
student
Hospital beds
Worker

'putUte percentagll (II pt!CIploserved by:
Houso connection
Ynrcll!lp
Stnndplrle
flandpump
Olh~r
Number of people served by a water point (e.g, atandplpe]
Mftxlmum walking dlstnncil to WilIer point (m)
Number 01:
students
Hospital beds
Walkers
'Type of eXisting scheme (Gllrllvlty, P.pumpln~ or HP.f1nndpump)
'Type or proposed scheme (G-grnvlty, P..pumplng or flP"'l~ndPul1lp)
'Project Horizon
'Pre-llent Water SOurce. Developed
Borehole
Depth(rn)
Yield Ills)
Numbur of boreholes
Surface
Weir (max abstraction tala lis)
SprinG (max IIbstractloh rate Us)
RIver or lake (max abstraction rnte lis)
flnndpUl1lp
Average Yield (lis)
Number of hnndpumpa
FuWre Water Source for thQ QChOnlO~ (Potontlal- Doveloped)
Bl'lohole
Pepth (Ill)
Yield (11$)
Number 0' boreholes
Surface
Wolr (max abstraction rate I/s)

A Decision Support System For Rural \'(faler Supply In Mozamhigu;-



~endic~'e~s ~P~a~ge~~10~8

dBASE:B102:
dElJlSt::0182:
clBASE::B1B3:
dElASE:01B3:
dBASE:0104:
dBASE:0104:
dBASE:B185:
dBASE:0106:
dBASE:El1BG:
dBASE:D18G:
dBASE:B1B9:
dBASE:H190:
dBASE:li90:
dBASE:B191 :
dElASE:C191:
dBA.'1E:0191:
dBASG:li191:
dBASE:1191:
dIlASe:El192:
dBASE:C182:
dBASE:0192:
dBASe:B193:
dBASE:c103:
dElASE:0103:
dBASE:B1S4:
dBASe:c194:
dIlASE:0194:
dBASE:B1!1!i:
dBASE:C196:
dBASE:0100:
dBASE:B19G:
dBASE:C196:
dBAse:01!)s:
dElASE:13197:
dBASE:C197:
dBASE:D1117:
d6ASE:B196:
d6ASE:C196:
dElAS~:D198:
d6ASE:13199:
dBASE:C'I99:
dBASE:0199:
dBASE:B2OO:
dBASE:C2OO:
dBASE:0200:
db~E:B:rn:
dBASE:i.!Z03:

Dllpre<:lolion
Anset life (years)
Wat~r source
GO
Pipeline
30
PUmping
10
storage
30
Project Locallon CMt Foetor
ProVince
Fac10r
MAP
1
MAPUTO
@AARAY(@VLOOKUP(INPUT:$C$7,$6$1111 ..$0$2OO,2))
@AAFlAY(@VLOOKUP(INPUT:$C$7,$6S191 ..$0$2OO,1))
GA2:
1,2
GA2:A
INH
1.2$
INHAMB.~E
SOF
1
SOFALA
MAN
1.1
MANICA
TET
1,25
TETE
ZAM
1.3
ZAMBEZIA
NAM
1.2
NAMPULA
CAB
1.3
CABO DeLGADO
NIA
1.4
NIASSA
project Adjustment Factor
1.06

A Declaion Support System For Rur,ll \'\latcr Supply 111Mozamhlquc



Append:~ic~es~ . ............... ..... .~P~ng~e~l~O~7

dDASE:c138:
IIBII8E:D138:
tlBASE:E138:
dBASE:F'138:
dBASE:C141:
dBASE:F141:
daASE:C143:
dBASE:F143:
dBASE:B147:
dBASE:B149:
dBAsE:F149:
dBASE:G149:
dBASE:B160:
dBASE:F160;
dBASE:G16D:
dBASE:13161:
dI3I1SE:F161:
dBASE:G161:
dI3I1SE:B162:
dBASE:F162:
dBASE:G162:
dBASE:B153:
dBIISE:F163:
Il13ASE:G163:
dBASE:B164:
UBASE:F164:
dBASE:G154:
dBASE:B1G5:
dBASE:F165:
dBASE:G155:
dBASe:B16G:
dBASE:F16G:
dBASE:G16G:
dBASE:B167:
dI:1ASe:f'167:
dBASE:G167:
dBASE:B1GO:
dBJ.I..'lE:B1G1:
dBASE:B1G2:
dBASe:D1G2:
dBASE:E11l2:
dBIISE:B1G3:
dBASE:D1G3:
dBASE:E1G3:
dIMSE:B1G4:
dBASE:01G4:
dBIISE:E1G4:
dBIISE:B1GG:
dIlASE:D165:
dBIISE:E161i:
dBASE:B1G7:
c1BASE:D1G7:
dBASE:E1G7:
dBASE:B1G9:
dBASE:D1G9:
dBASE:E1G9:
dBASf':B171 :
dBASI;.:D171:
(,BIISE:e171:
~BASE:a173:
dBASE:Dl73:
dBASE:E173:
dBASE~B176:
dBASe:D17G:
dBASE:E176:
dDASE:B177:
dl:1A!lE:D177:
dBASE:E177:
deASn:A179:

DATABASE-S

0.012
0.0')3
(1.0.11
0.r),14
RI~ug,me~$I.'Idpipe
fiJHLOOKUP(INr>UT:C164,fj137"F138,1 )
1l:llughnes$new pipe
f!lHLoot<UP(lNPUT:$C$1 GO,$B~131,,$F$'I38,1)
I~DIT10NAL COSTS
'Office Equipment
1.6
%
Tools
1
%
Community Pllrtlclpatloll
1
%
'tralnlnu
1.6
'Yo
Project Design
11
'Yo
Project Supetvlolon
2.6
%
Contingencies
10
%
Community ccntrlbutlon (labour)
30
''<'
rr~lnlng
2
%
OPERA1'ON & MAINTENANCE
Water source
Borehole
I;
%of CAPer.
Wnll
6
'10 of CAPEX
Spring
I;
% of CAPEX
Weir
s
%otCAPEX
RcticulQtlon
2
% of CAPEX
Pipeline
1
%ofCAPEX
I'!lmpfno· electricity
6
%ofOAPEX
pumpln!l- diesel
10
0/0 of CAPEX
stor~n(l
1
'IooICAPEX
Adml"'Gtl'~tlon
10'I.over other o&M couts
I"..

A Decision Support System For Rural Waler Supply In Mo:mmbique
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dBASE:Hl10:
dBASE:ll10:

dBASE:B11l:
dBASE:Cl11:
dBAsE:P111;
dBASE:B112:
dBASE:c112:
dBASE:P112:
dBAsE:Hl1:!:
dBASE:1112:
dBASE:B11:!:
dBASE:C1l3:
dBASE:P113:
dBASE:Gll3:
dBASE:Hll3:
dBASE:1113:
dBASe:BI14:
dBASE:CI14:
dBASE:D114:
dBASC:GI14:
dBAsE:H114:
dBASe:1114:
dBASE:BI17:
dBASE:Bl1B:
dBASE:EI18:
dBASE:Bl00:
dBASE:EI20:
dBASE:FI20:
dBASE:Ei~21 :
dBASE:f'121:
dBf,.SE:B124:
dBASE:B126:
dBASE:II27:
dBA!lE:PI21l:
dl!ASE:E121l:
dIIASE:F121l:
dEIAsE:1121l:
dElASE:J121l:
dBASE:B121l:
dBASE:P129:
dBAsE:E129:
dBASE:F129:
dBAsE:II29:
dBASE:J129:
dBASE:Bl$O:
dB~'lE:Ol30:
dBASE:EI30:
dBASE:FI30:
dBASE:1130:
dBASE:J130:
dBAS5:B131:
dBASE:D131:
dBASE:E131:
dBASE:P13l :
dBASe:1131:
dBASE:JI31:
dBASe:ElI34:
dElASE:I:II3G:
dBASB:C'I3G:
dIlASe;P13G:
dIlASI::e131l:
dIlASE:Floo:
dIlASe:B137:
dBASe:c137:
dEiASE:D137:
dBASE:S1S7:
dBASe:F131:
dElASe:B13S:

DATABASS·S

+lNPU1:$C$11l2
@!IF(INI'U'f:$C$169="S" ,@Vl.OOKUP(INPUT:$C$I62,$B$11 0..$C$114,1 ),@!IF(lNPUT'$C$169="PVC",@!VLOOKUP(lNPUT:
$C$162,$B$110 ..$D$114,2),O))
s
2260
2100
8
2500
2361?
De'Ah
ClJstJUnlt
10
Z7S0
2IlOO
Schemel
+INPUT:$C$92
+$1$110"$11$113
12
3000
2860
HPump
+INPU'f:$C$IOS
+$1$110"$H$114
PUMPING
Pumping efficiency (%)
76
'Pumping station -eenstruetlon
4000
'RlkW
+$E$12O"1.3
RlHP
LEVEl.S OF SERVICE
'Unit Cost
For Calculation
GMS
• PVC·HOPE
Malerlal
Cost
'House connection
1600
13'\r,
l,hlO
+INPUT:$c$1 B3
@IF(INPUT:$C$IB3'="GMS",$b$I29,@IF(INPUT:$C$1B3'="PVC",$1l$129,@IF(INPUT:$C$IG3=>"HDPE",$t=$129,"NA")))
'V.rd eenneetlon
1200
1000
1100
+INPUT:$C$IG4
@IF(INPUT:$C$11l4="OI'llS",$b$13G,@!II'(INPUT:$C$161="PVC",$E$I30,@IF(INI'UT:$C$I64t1"HOP[;",$F$I30,"NA")))
'standpipe
1~O
1485
m~
+INPUT:$C$11l5
@IF(INPUT:$C$i 1l5""GMS" ,$D$131,@IF(INPUT:$C$11l5="PVC",$E$131,(!JIF(IIlPUT:$C$1 Gli""HDPE",$1'$131 ,"NA")))
OnrcyWclsbach cocffleltmt
concrete
Gll'ls
PVC
HOPS
AC
C
GMS
PVC
HOPE
AC
0.02
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dBASF.:I78:
dBASE:J78:
t;BASE:B7l' ,
dbA:lt::ci9:
dBASE:F79:
dBASE:G79:
dBASE:I79:
dBASE:J79:
dBASE:BOO:
dBASE:COO:
dBASE:FOO:
dBASE:GOO:
dBASE:IOO:
dF,lASE:JOO:
dBASE:B81:
dflASr;:c81:
dBASE:F81:
deASE:G81:
dBASE:181:
dBASE:JS1:
dBASE:BB2:
dBASE:CB2:
dBASE:IB2:
dBASE:JB2:
dBASE:13B3:
dBASE:C83:
dBASE:B84:
dBASE:C84:
dBASE:B90:
dBASE:FIlO:
dBASE:1391:
c!BASE:C91:
dBASE:F91:
dBASE:H91:
dBASE:B92:
dBASE:C92:
dBASE:D92:
dBASE:F92:
dDASE:H92:
dBASE:B93:
dBASF.:C~3:
dBASE:D83:
dBASE:F93:
dBASE:H93:
dBASE:B97:
dBASE:B99:
dBASE:C99:
dBASE:099:
dBASE:Bl00:
dBASE:C100:
dBASE::D100:
tl<lASE:Bl01:
dBASE:Cl01:
dBASE:Ol01:
dBASE:B1D4:
dBASE:B100:
dBASE:Bl08:
dBASE:Dl00:
dBASE:Gl00:
dBASE:Bl09:
dBASE:Cl09:
dBASE:Dl09:
dBASE:G109:
dI3ASE:Hl00:
dBASE:ll09:
dBASE:Bl10:
dBASE:Cll0:
dDI\SE:Dll0:
dBASE:Gll0:

DA1IIBASE • 4

·200
20000
-6000
1100000
·130
10l1000
·160
16000
-600
166000
-82
83600
·100
10000
.200
90000
-B2
7300()
..ao
!lOCO
·100
00000
-&0
6000
-00
45000
-60
30000
Data for calculations
Regression nnnlYGls
Material
Ratc
Concrete

+0,0109'( REPORT:$H$1141'2+197'REPORT:$H$114+38407
@IF(INPUT:$C$161""C","Concrete",'7lIf'(INPUT:$C~161="S","Steel",@IF(lNPUT:$C$161c"P","PlaI.1Ic","")))
@IF(INPUT:$C$161="C",$H$91,@IFlr~,/\Jr:$C$161="S",$H$92,@IF(INPUT:$C$lGl="P",$H$93," "Ill
existing
steel

2Q
@1I'(INPUT:$C$166="C" ,"Concr~tc" ,@IF(INPUT:$C$166="S" ,"steel" ,@IF(INPUT:$C~ 156="P","Plastic" ," tt)))
@IF(INPUT:$C$166="C",$H$91,@IF(INPUT:$C$166="S",$H$92,@II'(INPUT:$C$166="P",$H$93," "II)
New
Plastic

30
WATER SOURCE
Well
2000
Rlunlt Including Handpump
'Weir
10000
Rlkld
'Spring
0000
Rlkld
Boreholt:
'Unit Cost per meter drilled
~Dlnm
"Caslns Type
For Calr-ulatlon
Inchea
it.Steel
"PVC
Material
Dlam
Unit Cost
4
200Il
1760
+INPUT:$C$159
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dBASI::160:
dBASE:J60:
dBASI::D51:
dBASE:E51:
dBASE:151:
dBASE:J51:
dBASE:D52:
dBASE:E52:
dBASE:152:
dBASE:J62:
c1BASE:D53:
dBASE:E53:
dBASI::153:
dBASE:J53:
dBASE:D54:
dBASE:E54:
dBASE:I54:
dBASE:J54:
dBASE:1::65:
dBASE:E55:
dBASE:15&:
dBASE:J55:
tlBASE:OS6:
dBASE:E56:
dBASE:D57:
dBASI::E57:
dBASE:D5B:
dBASE:1:5B:
(lBASE:H50:
dBASE:K5B:
dBASE:L5B:
dBASE:HS9:
dBASE:K69:
dBASE:L59:
dBASE:H60:
dBASE:K60:
dBASE:L60:
dBASE:BG1:
lIBASE:E61:
dBASE:FG1:
df.ll'.lle:B62:
dBASE:EG2:
dBASE:FG2:
dBASS:B63:
dI:lASE:E63:
dBASE:F63:
dBASE:BGG:
dBASS:BG7:
dBASF.:CG7:
dBASE:0G7:
dBASE:B60:
dBASE:C60:

dBASE:D60:
dBASE:B69:
dBASE:C69:
dBASE:DG9:
dBN>E:B73:
dBASE:B7G:
dBASE:B77:
dBASE:CTf:
dBASE:F77:
dBASE:G77:
dBASE:I77:
dBASE:J77:
dBASE:B70:
dBASE:C78:
d13ASE:I"7O:
dBASE:G70:

-50
30
-li00
271
-40
21
-450
23G
-32
10
-400
194
·25
14
-350
1611
·20
9
-300
116
·1s
7
·250
91
·200
63
·160
38,
GMS
Pumping
Gravity
DlametN of new pipeline
@VLOOKUf'(·1·CALC:$G$123,$1$46 ••$J$55,0)·.1
@VLOOKUP(.1*CALC:$G$139,$I$4G ..$J$55,0)··1
Unit cost
@VLOOKUP(·1·CALC:$G$123,$I$46..$J$55,1)
@VLOOKUP('1*CALC:$G$139,$1$46,,$J$55,1)
NJ
Pumping
Gravity
Diameter of new pipeline
@VLOOKUP(·1·CALC:$G$123,$D$4G ..$E$5B,0)·.1
@" ..OOKUP(·1·CALC:$G$139,$D$46 ••$E$5B,0)··1
Unit cost
@VLOOKUP(·1·CALC:$G$123,$D$46 ..5E$50,1)
@VLOOKUP(·1·CAL.C:$G$139,$D$46 ..$E$GB,1)
For cslcutattcn

PUmping
Gravity
Diameter
@ARRAY((@IF(INPUT:$C$1GO::"HDPE",$D$41 ••$E$42,@IF(INPUT:$C$1GO::"PVC",$H$35.,$I$36,@IF(INPU'f':$C$1GO::"NJ"
,$E$:l2 .. $F$G3,@IF(INPUT:$C$160::"GMS",$G$59 .•$K$60,$G$41 ..$H$42)I))))
'NA
Unit cost
'NA
'NA
RESERVOIRS
'Unit cost- Rands
·Vo;.(klt
·Concrete
AVol,(kl)
·Steel
Vol (kl)
Plastic
·100000
150c000
·150
130000

DATABASE·3

Page 104
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dBASE:B29:
dBASe:C29:
dBASE:F29:
dBASE:G29:
dBASE:B30:
dBASE:C30:
dBASE:F30:
dBASE:G30:
dBASE:B31:
dBASE:C31:
dBASE:F31:
dBASE:G31:
dBASE:D!l2:
dDASE:C!l2:
dDASE:B33:
dClASE:C33:
dBAsE:B34:
dDASE:C34:
dBASE:E34:
dBASE:H34:
dBASE:I34:
dBASE:B36:
dBASE:C36:
dBASe:E35:
dBASE:H35:
dBASE:I35:
dBASE:B36:
dBASr::C3S:
dBASE:S3G:
dBASE:H35:
dBASE:l36:
dl:l.ASE:B37:
dIlASE:C37:
dBASE:B<lO:
dMSE:D40:
dBIME:E40:
dBASE:G40:
daASE:B41:
ciBASE:041:
dBASE:E41:
dE\ASE:G41:
d~IASE:H41 :
dElASE:B42:
dElASE:D42:
d£iASE:E42:
dEIASE:G42:
dEIASE:H42:
dElASF.:D4G:
dEIASE:F.46:
dElASE:146:
dMsE:J.46:
deASE:D4S:
dUiAsE:E4Il:
dBASE:146:
dEiASF.:J4El:
dBIASE:D47:
dMsE:E47:
dEIASE:147:
dEIASe:J47:
dilIASE:D40:
dtlASE:E40:
dIIASE:140:
dIl:ASE:J41l:
dIliASF.:D4Il:
dIIASE:E41l:
dEIASE:149:
dEIME:J40:
dEIASE:D60:
dfIASE:I~6():

DATABASE·2

·110
97.33
-76
21
·100
77.6
-63
15
-so
61.29
-GO
10
-GO
20.66
-40
13.00
-!l2
0.46
PVC
Pumping
Gravity
·25
6.39
Dlam'Jtet of now pipeline
@V!.OOI(UP(·1·CALC:$G$123,$F$11l ..$G$31,0)··1
@VLOOKUI'(.1·CA1.C:$G$138,SF$19 ..$G$31,0)··1
·20
3.26
Unit cost
@V!.OOKUP{-1·CALC:$G$123,$F$19 ..$G$31,1)
@VLOOKUP(-1·CA1.C:$G$138,$F$19 ..$O$31,1)
·18
:0;.'1
HPPE
PUmpln(l
Gravity
Table mculZlI!JoNot I\t>plleable
Olameter of new pipeline
@VLOOKUP(·1·CALC:$G$123,$B~19 ..$C:$37,0)·-1
@VLOOKUP(-1·CALC:$G$138,$B$·:9 ..$C$37,O)·-1NANA
Unit cost
@VI.OOKUP(·1·CALC:$G$123,$B$19 ..SC:$37,1)
@V!.OOKUP(-1·CAl.C:$O$139,$B$19.,$C$aT,11NANA
·Ola.(mm)
AAC cl24
·Ola.(mm)
"OMS
·1000
910
-160
112
-900m
·100
1'1
-000
689
-ec
40
·700
612
-G6
39
o6QO
392

A Decision Supporl 8ysl;'; For Rural \'{Taler Supply 111Mozambique
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PRICI!:C18:
PRICI!:F18:
PRICE:C20:
I'IRICE:F20:
PRICE:C:'2:
PRICE:~'l2:
PRICE:CM:
PRICS:F24:
PRICt:l:C2G:
I'RICE:I'2G:
PRICE:C30:
PRlcll:D:il1 :
PRICI!:E31:
PRICE:C32:
PI"ICE:D32:
PRICE:E32:
PRICfl:r32:

PRICE:C3II:
PRICE:D34:
PRICE:Ei34:
PRICE:F34:

PRlce:c3Q:
PRICE:C40:
PRICE:F40:
PRICE:C42:
PRlce:F4:.l:
PRice:C44:
PRICE:F44:
PRICE:C4G:
PRICE:F40:
PRICE:CSO:
PRICEl:D60:
PRICE'ESD:
PRICE:I'GO:
PRICE:C62:
PRICE:D52:
PRICE:El62:
PRICe:P62:
IIRlce:c54:
PRICE:D54:
tIRICE:E54:
PRICE:F54:
PRICE:C6G:
PRICE:D6G:
PRICE:eGG:
PRICE:F6G:
PRICIl:cGO:
PRICIl:FGO:

Page 1:'.2

FINANCIAL RE5UL TS ·1

f>roJectcost
+COSTS:$0$77
operation and Maintenance cost (iM,)
+C()5TS:$0$10S
Grnnt
+C05TS:$0$94
Sort toan
+C05TS:$0$85
ccmmerclat t.oon
+C05T5:$0$00
Annunl repayment
lnterest Rate
Repayment Period
Softlo!)n

+INPUT:$C$21G1100
+INPUi':$C$217
@IF(lNPUT:$C$21G=O,O,«INP~IT:$C$21G1100"(1~INPUT:$C$21G1100)'INPlIT:$C$:;17)JI«1+INPUT:$C$2161100)A(INPUT:$C
$217)·1 )'$F$24)
COl1lmftr~IRI tean

1-INPUT:$c$222J100
+INPUT:$C$223
@IF(INPUT:$C$22?,=O,O,(INPUT:$C$222J100*(1+INPUT:$C$222J100)"INPUT:$C$223))I«(1+INPUT:$C$222J100)"(INPUT:$C
$:223).1 )'$F$26)
DepreCiation' fixed IMtalments p.a,
Wator Sources

+C05TS:$G$2OIdBASE:$D$1B3
Pipeline

+COS TS:$G$3'lIdDASe:$D$154
Pumping

+COSTS:$G$41IdDASE:$D$165
storngo

+COSTS:$(1$44ldDASe:$D$100
Cost ot walor
Heuaeheld p,a,
capltn P,D,
kl
1'0 toyer OI!.M only

@ROUI\~(COSTS:$G$1 OOIREPORT:$E$20'CALC:$G$11 ,1)
@ROUND(~OSTS:$G$1oalREPOF\T:$E$2Q,1 )
@ROUND(Ct.. .. TS:$Q$100'100/(RL. .. ORT:$e~34"305),1 )
OI!.M plu~ dOf'rcclatlon

@ROUND((COS rS:$O$1 OO+$1'$40+$F$42+$f!$44+$F$4(l)lr~EPORT:$E$;lO"CALC:$G$11, 1)
@ROUND( (COST~'$G$1 OB+$F$40+$1'$42+$F$44+$P$40)/REPORT:$E$20, 1)
®1~OUND((COSTS:$Q'C1 OO+$F$40+$F$42+$I'$44+$F$4G)'1 00I(R£lPORT:$Il$34"3G5),1)
O&M+dcpreclntlon+ nnnu.: 'Qpnymun(

@ROUND((COSTS:$G$1 OO+$F$40t$F$42+SF$44+$F$40+$F$32+$I'$34 )IREPORT:$£l$2O"CALC:$G$11 ,1)
@ROUND((COSTG:~G$100+$F$40+$F$42+$F$44+$F$4Gi'$1'$32~$r$34)IREPORT:$E$20,1)
@ROUND((COSTS:$G$100+$F$40+$P$42+$F$44+$F$4G+SF$32f$F$34)'1001(REPORT:$E$34"3(5), 1)
Capllal coSt per capltll
+COSTS;$G$77IREPORT:$H$20



~~1~,d~ic~cs~ ~P~ag~c~1~2~~

OOS'I'S:OlO2:
008TS:1'102:
COS'l'S:OlO2:
0;:05'1'S:C103:
00S'l'8:1'103:
0051'$:0103:
Cos'I's:C104:
COSTS:0104:

C05'1'5:C106:
C08TS:0105:
C05TS:0100:
C051'8:0106:

PROJeCT COS'I'S • :I

pumping
@1I'(INPUT:$C$71c"P",(lJIFIINPUT:$0$1?:1c""''',dIlASEl:$D$171,@l11'(INI'UT:$C$l?:1="D",dBASE:$D$l73,")).")
@l1l'(INPUT:$C$71c'·P",dBASE:$D$171"$0$41/100, ....)
Storage
@l1l'('NPU'I':$C$711;'·p ..,daASE:$D~176,t1lJ'F(INPUT:$C$71""0",dBASE:$D$171l, ..II))
@lIF(INPUT:$C""c·P",dBASE:$D$175'$0$«1100,@lIF(INPU'I':$C$71""0",dBASE:$D$176"$G$«/100,""))
stal'l1ng
(INPUT:$C$227'1NPUT:$C$2$.i)+(INPUT:$<::$228"INPUT:$O$235)+(INrUT:$C$z.>lrINPUn$C$23G)+(INPUT:$C$Z»'INPU
T:$C$:!37)+(INPUT:$C$231"1NPUT:$C$238)
Admlnlatrnllon
+dBASE:$D$1T11100'@lSUM($G$92,,$G$104)
Totnl p.b.
@lSUM($O$ll2.,$G$l061

XDccision S"'llpol't System For Rural Wal()r Supply III Mozamhiq\1C
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C08TS:F61:
C08T5:\lG7:
COSTS:CS!!:
COST8:F59:
C05T8:069:
COSTS:C61l
COSTS:FG1:
COSTS:OG1:
C:OSTS:CG3:
CCSTS:FG3:
ccsTS:OG3:
CO~TS:CG6:
C05Ts:FtlS:
cosTs:066:
C05TS:CG1:
C051S:FG1:
CC:lTS:G67:
C08T5:069:
COSTS:P69:
c05Ts:069:
COST5:C71:
COSTS:F71:
COs1S:071:
COsT5:C1$:
c0818:01$:
C051S:C76:
COSTS:016:
C08T5:C17:
CCSTS:G17:
cOST5:e81:
COST5:C02:
eOSTS:G02:
COST5:c03:
C0818:063:
COST5:C04:
C05TS:G04:
co8T8:COO:
C05T8:G85:
C05TS:COO:
C05T5:000:
C08TS:C90:
cOSTS:F9Q:
C08TS:C01:
COsT8:091:
COST5:C92:
COSTll:FIl2:
COSTS:Gl92:
CO$'(5:C93:
COSTS:F93:
C05T8:093:
COSTS:C04:
C05T$:F04:
COSTS:094:
COSTS:C9G:
C08TS:F9G:
C05T8:09G:
C05T8:097:
C08'(8:F97:
C08T8:001:
oosrn:C90:
C08T8:FOO:
C08T8:0oo:
COO,T8:c100:
C('8T8:F100:
C08T8:0100:

C08T8:C101:
COSTO:F101:
COST8:G101:

PROJECT COSTS • ~

@IF(INPtJT:$C$169:1"V",dBASE:$F$1491100,@llF{@ISNUMBER(INPUT:$C$190),"Lump 8Um",""))
@IF(INPUT:$C$189:0"V",dBASE:$F$149'$G$641100,@IF(@ISNUMSeR(INPUT:$C$190),INPU'I':$C$190,""))
Tools
@IF(INPUT:$C$193:>"V",tIl3ASE:$F$1601100,@jIF(@!ISNUMBER(INPUT:$C$194),"LulllP SUm",''''))
@lIF(INPUT:$C$193:>'''('',dBASE:$F$160'$O$641100,@IF(@jlSNUMBER(INPUT:$C$194),INPUT:$C$1t14,"")1
Community Participation
@IF(INPUT:$CS11lG::"V",dBASE:$::$161/100,@lIF'((!JISNUMBER(INPUT:$C$100I,"Lump Sum",""))
@)tF(INPUT:sc$1111it:"Y",dSASE:$f'$161"$GS54/100,@jIF(@lISNUMaER(INPUT:$C$1861,INPUT:$C$100,""))
Project Design
(!jIF(INPUT:$C$173:0"V",dBASE:$F$1631100,@lIF(@)ISNUMSER(INPUT:eC$174),"LUmp SUm",''''))
@IF(INPU1:$C$173:0"V",dBASE:$F$1G$"$G$64/100,@jIF(@lISNIJMB£:fl(INPUT:SC$174I,INPUT:$C$114,""))
pwJect SLlpervlslon
@jIF(INPUT:$C$177","V",dIJASE:$F$164/100,@II'(@jISNUMSeR(INPUT:$C$17tl',"l.ump sum .......,J
@)11'(INPU't':$C$177","'V",dBASE:$F$1IW'$G$54/100,@l'F(@lISNUMBER(1NPUT:$C$178),INPUT:$C$17tl,""))
COllt1ngcllcles
(ljIF(INPUT:$C$lB1c"V",dIlASe:$F$16G/100,@jlF((iJ18NUMBER(INPUT:$C$1~\"Lump Sum",""ll
@IF(INPUT:$C$1B1,,"Y",dBAI'.IE:$F'S16S·$G$64/100,@jIF(G1SNUMSER(INPiJT:$C$,q:z),lfII:OUT:$C$1112.""))
Trnlnlno
@)IF(INPUT:$C$197="V",dBASfl:$F$f67/100,@IF((lJISNUMBER(INPUT:$C$1OOI,"l.ump SUm",""))
@)IF(INPUT:$C$197="V",dBA.'IE:$F'$11i7"$G$64/100,@jIF'(@)ISNUMBER(INPUT:$C$198),INPUT:$C$100,""))
community conttlbutlen
®1"[INPUT:$C$1G11="V",dBASS:$F'$1~Gl100,@IF(@)l$NUMBr,R(INPU1:$C$170),"LunlP SUm",""))
IIlllF(INPUT:$C$1G9:J"V",dBASE:$F$16Il"$G$54/100,@)IF(@lISNUMBER(INPUT:$C$170I,INPUT:$C$1TO,"")J
Project loentlo" adJustmont
(@l8UM($G$54,,$G$G9}-$G$71)·(dBASE:$1$191·1)
Cont adjUstment
@)SUM([$G$54..$G$69}-$G~11)·(dBASE:$E$203-1)
TOTAL COST
@lSUM($0$54,,$G$69}-$O$'71+$G$'73+$G$71J
COST SHARING
Oovernment
($G$77'INPUT:$C$202I100)+INPUT:$C$203
Other AgenCies
($G$77*tNPUT:$C$2OG!100)+INPUT:$C$207
Grant
($G$77'INPUT:$C$21 0/100)+INPU1:$C$211
Coftlonn
($G$77'INPUT:$C~4/1001+INPUT:$C$216
Commercial loan
($0$7'7*INPUT:$C$22OI11).,')+INFiUT:$C$216
OPERATION & MAINTENANCE p.o,
'l.orCAPEX
Wator source
@8UM($Q$92..$G$951
BorehQlo

+dIlASE:$D$1~
+$F$921100*$G$:W
Sprino

+tlBASE:$P$154
+$F$03l100"$Q$20
Weir

+dDAS!l:$O$1GS
+$1"$04/100*$13$24
Rlv~r or LlIko Intaka

+dBASE:$D$166
+$1"$94/100*$13$20
Well + Handpump

+(jBME:$O$163
+$1'$97/100"$13$32
lloreholD + Hantlpump

+dBASE:$P$1Ga
+$F$5ZJ100"$G$30
Rclleultltlon
(ljIF(INPUT:$C$71""P",dBASE:$D$1r1'1,@lIF(INPUT:$C$71t>"G",dBASE:$D$1G7,""I)
(7JIF(INflUT:$C$71""P",dBASS:$D$11l71100"($G$47+$0$4!>+$G$G1),@lfl(INPUT:$C$71t:1'GII.IlBASE:~O$1G7/100'($0$47+
$0$49+$G$61 )t"l)
PI~'cllnll
@jIF(INPUT:$C$'71c"P·',dBASI1:$O$1G9.@II'(INPUT:$C$71c"G",daASa:$D$169,""I)
@j11'(INPUT:$C$71c"P",dBASE:$P$1G91100'$G$37,@IF(INPUT:$C$71c"G",dBASf!:$O$1G91100'$G$37,""I)

A Dooislon Support System For Rut'nlWaler. Supply Itt Mozambiquo



hE~dices Page 119

00$T$:C2O:
COS1'5:02O:
COSrS:C22:
cOSrS;022:
COSrS:E22:
C05TS:G2a:
COST8:024:
C08TS:024:
COS'TS:E24:
COSTS:F24:
COSTS:G~:
COSTS:C2I!:
cosrs:02G:
COST5:E2G:
COST5:F2G:
C05T8:G2G:
C05T5:C'28:
COST5:028:
C08TS:E2G:
C05TS:F28:
C08TS:G28:
C05T5:C30:
CoSTS:030:
COSTs:E3O:
C05TS:F3O:
C05T5:03O:
COSTS:C32:
C()STS:032:
OOSTS:E32:
C05T5:F32:
C05T5:G32:
COSTS:C3G:
COST5:C36:
COSTS:C37:
C05T5:037:
C05TS:E3,
aOST8~F37:
C05TS.037:
C05T5:040:
COSTS:D41:
COSTS:E41:
C05T8:F41:
C05TS:G41:
C05TS:043:
005T'8:044:
COSTS:D44:
COSTS:E«:
COST8:F44:

COST8:044:

00STS:C47:
00STS:047:
COST8:1!47:
Ct)ST5:F47:
C08T5:041:
COSTS:C49:
Ct.'lS'TS:1)49:
COSTS:E4!):
COSTS:F49:
COSTS:G49:
COSTs:CB1:
COST8:[)f;1:
cOSTS:E!~1:
cosTS:Feu
C05'1'S:061:
COST.<;:064:
COSTS:~!U:
cosTS:e67:

PROJEcr COSTS -1

Water Source Development
+$0$22+$G$24+$G$26+$0$28+$0$30+$G$32
Rilier er l.llke Int~ke
kllcl
+CA!.C:$0$101
~IF($G$411>().O.$0$4113)
Spring
kllcl
+CA!.C:$0$105
@IF($E$24:o"","",clMSE:$C$101)
@IFI$E$'"'.o4-="","".$E$24"$F$241
WeIr
klld
+CALC:$0$104
@IF($E$2G>;:"","",rlBASE!:$C$1001
@IF($E$26=I ..•.." ".$E$28*$F$2S1
Borehole for the 'cherno
Nil
+INPUT:$C$04
@IFI$E$2Stt"·,"".dBASE:$1$113)
@1f'I$E$:l8= ....,"",$E$28'$F$28)
Boreholo ...hand pump
No
+INPUT:$C$100
@j1f'($t:l$3tln...•.....,dBASt::$1$1141
(!!1r-($E$3Qa'''','' '''~!:"$3O''$f'$3O)
Well + handpump
No
+INPUT:$C$103
@IF($E$32t!1 ,"", dBASE:$C$99)
@IF($E!$32m'· • ",$~32'$F$321
Pllll1l1ne
{ll1f'(INPUT:$C$71 P..,REPORT:$I$03.@lIF(INPUT:$C$71 0··.Rr,PORT:$I$96." "II
@IF(INPUT:$C~1'l P..,REpoR'f:$Ii$tl3.@If'(INPU'·:$C$71 ·G..,REPORT:$H$96," "))
m
(!!IF(INPUT:$C$71a"P",REPORT:$H$06.@lIFIINPUT:$C$71""O",REPORT:$H$98.·'''))
@IF(INPUT:$C$71""P".d8ASE:$C$OO.4¥lIf'(INPUT;$C$71="G",dBASE:$0$00," ..))
@IFI$E$S7ol" ..,....,$E$37"$f'$371
Pumping station
@!'F(INPUT:$C$12J';t·E".CA!.C:$f$131.(!!If'(INPUT;$C$1~""0",CN.0:$H$131,'''))
(!!ROUNO((!!IF(INPUT:$C$1~""E!".REPORT:$H$70.(ljIF(INPUT:$C$1~""O ..,REPORT:$I$79, ....II.Q)
tllIF(INPUT:$C$1Zfl1"E",dBASE:$E$12O,@IF(INPUT:$C$1Zfl1"O",dBASe:$E$121."")1
@IP($E$41 ...... ,"",$E!$41"$F$41)
storago
(ljIF(REPORT:$H$1Q6:t· ..... '''REPORT:$H$100)
kl
@lIFIINPUT:$C$71 ....P..,REPORT:SH$114.@lIF(INPUT:$C$71 ... ·G..,nEPoRT:$H$114,""))
(!lIF($INPUT:$C$16fj.1t·C",$d8ASE:$H$D1.@IF($INPUT:$C$161):o"S",$dBASE:$H$92,(!!IF(SINPUT:$C$161):o"P".$dBASE:$
H$03." ")))1$1:1$44
(!!IF($INPUT:$C$16fjl:1"C",$dI'lASE:$H$91,@If'($INPUT:$C$1GI):o"S",$dBASE:$H$92,{ljIFI$INflUT:$C$156c"P",$dElASt:l:$
H$93,"")I)
House Connl>Ctlon
No
(!!IF(INPUT:$C$71""P",CN.C:$O$91.t!lIf'(INPUT:$C$7·'c"O",CA!.C:$G$91,"NA"))
(ljIFIINPUT:$C$71c ..P·',dBASE:$.J$12ll.(!!IF(INPUT:$C$71 .... 0",dElASE:$J$129." "))
@IF($E$47J:l,u',"",$E$4~f'$471
Y~td Cllnnect!OI1
No
(!jIF(INPUT:$CS71="P",CA!.C:$O$93.(ljIF(INPUT:$C$71",,,o",CN.C:$G$\13."NA·')1
@IFIINPUT:$C$7111l·P··,dBASE!:$J$13O.@IF(INPUT:$Cl$71,,"0",dBASE:$J$130." "I)
(!')1i=($G$4!P·..·,....,$E$4!l'$F$4!1)
l;llandplpo
No
(!')1f'(INPUf:$C$711l"1''',CA!.C:$G$OO,(!!IF(INPUT:$C$71rl''O''.CAl.C:$0$OO.''NN'I)
(lJ1f'(INPU't:$C$71""P·'.dDASf1:$.J$131,(!)IF(INPUl':$C$71t1"O",dDASE:$J$131." "))
@IF($E$U1w"',"",$E$S1'$F$51)
construction Cost
(!'jSUM($G$22..$G$61I
OffiCe Equipment
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R~PORT:C110:
REPORT:e110:
REPORT:H110:
REPORT;C112:
REPoRT:e112:
REPORT:H112:
AEPOR'f:C114:
REPORT:E114:
REPoRT:H114:
REPOR'r:Cl1G:
REPORT:el1l1:
REPORT:C120:
REPORT:C121:
REPORT:H121:
REPORT:C122:
REPOR'r:H122:
RI:PORT:C123:
REPORT:H123:
REPORT:0124:
REPOR1':H1'.4:

PROJECT REPORT. :l

E'.xlstlngCapacity
, "lALC:$G$G6
f,IF(INPUT:$C$11 D:>"Y",$E$11 0,0)
• 'equlrcd CQpaclty
ICALC:$GSG6
+CALC:SG$143
Additional Capacity RQquiroo
@!IF($E$112>$E$110,$E$112-$E$110,O)
@IF(INPUT:$C$11D:>"Y",CALC:$G$144,CAI.C:$GS143)
Capacity In Excess
+CALC:$G$1l7
Water 'rrl)athlcnt
Filtration' Surface Water

@IF( INPUT:SC$1 ~2>11 ,"Ycs","No")
Flltrallon. oreum, "ntet

@IF(INPUT:$C$133>11,"Ycs"o"No")
Disinfection· Surface Water

@IF(INPUT:$C$1»S,"YflSI,INo")
Pis Infection • Groundwater

@11'(INPUT:$C$137i>S,"Yes"t"No")
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RI:PORT:C64:
~EPORT:CG6:
.EPORT:HG!':
REPORT:CG6:
REPORT:GG6:
RE',PORT:IIG6:
REPORT:C67:
REPORT:G67:
REPORT:H67:
REPORT:CGB:
REPORT:G6tl:
REPORT:H60:
REPOIU:C71:
P"l:PORT:C73:
R',PORT:E73:
REPORT:F13:
REPORT:H73:
REPORT:I73:
REPORT:C76:
REPORT:E76:
REPORl':F76:
REPORT:H76:
REPORT:176:
REPORT:C77:
REPORT:077:
REPORT:E77:
REPORT:F77:
REPOR'nC79:
REPORT:E79:
REPORT:F79:
REPORT:H79:
REPORT:I79:
REPORT:B61:
REPORT:C63:
REPORT:E63:
REPORT:F63:
REPORT:HB3:
REPORT:I63:
REPORT:CIl6:
REPORT:EIl6:
REPORT:HIl6:
REPolmC67:
REPORT:E67:
REPORT:H01:
REPORT:C09:
REPORT:E09:
REPORT:Cfl1:
REPORT:P91:
REPORT:E91:
REPORT:C94:
HEPORT:COG:
REPORT:E9G:
REPORT:F9G:
REPORT:HOO:
REPORT:I9G:
REPORT:COO:
REPORT:E9B:
REPORT:H96:
RI:PORT:C100:
REPORT:E1oo:
REPORT:H100:
REPOFlT:C102:
nl:PORT:E102:
nl:pOnT:C104:
REpORT:D104:
REPORT:E104:
REPORT:C100:
REi"ORT:E100:
REp"RT:H100:

PROJECT REPORT· 2

Water :.lource Development for Users NOT Served bY the scheme
Demand
+CA!.C:$G$111
Borehole$
+CA!.C:$F$112
+CI\I..C:$G$112
Wells
+CA!.C:$F$113
+cA!.C:$1il$113
Total
fCA!. ~:$F$114
+CA!.C:$G1$114
P;lmplng Scheme
PUmPl119 Requirement
@IF(INPUT:$C$69=:"P",CA!.C:$G$51," ")
@!IF(INPU'r:$C$fl9::I"P",CA!.C:$1$51,"")
~lF(INPUT:$C$71='·P",CAl.C:$Q$130+$E$?W· OI)
@lIF(INPUT:$C$71="P",$H$73*1.3," ")
PUmping Instnlled Copaclty
@lIF(INPUT:$C$r,g:,"p·"CAl.C:$G$52," ")
@IFjl~~I'UT:$C$$9I.l"P'''CA!.C:$I$G2,'' ")
@IF(INF'U'f:$C$71""P·"CAl.C:$G$127," OI)
f!}1f'(I\\lPUT:$C$71""P·"CA!.C:$1$127," ")
pumping Capacity In E'.~cess
@'!'(INPUT:$C$fl9::I"P",<.::ALC:$F$SlI," ")
@IF(INPUT:$C$69c·'P",CA!.C:$G$63," ")
@IF(INPUT:$C$69c"P·"CAl.C:$1$63," ")
Pumping to be Instolled
@lIF($E$73<$E$75.0,@IF(INPUT:$C$69c"P",$E$73-$E$75." "))
@lIF($I'$73<$F$76,O,@IF(INPUT:$C$69c"f''',$F$73-$F$76,''''))
@IF(INPUT:$C$71="P",$H$73-$H$76." ")
@IF(INPUT:$C$71""P",$1$73-$1$76," ")
I"
Pipeline Diameter and Material
@lIF(lNPIJT:$C$69c"P'·,CA!.C:SG$41." ")
@ll'(INPUT:$C$69c"P"IINPUT:$C$llH," ")
@IF(INPUT:$C$71""P·"CAl.C:$1$123," ••)
@lIF(INPUT:$C$71c"P",1NPUT:$C$160,"")
Pipeline length
(iJIF(lNPUT:$C$69c"P",INPUT:$C$122," ")
@IF(INpUT:$C$11"'·P".INPlJT:$C$122,"")
I\I:tllolFlow
@lIF(INPUT:$C$69c'·P'"CAl.Cl:$G$44," ")
@IF(INPUT:$C$711:l"P'"CAl.C:$G$121," ")
Pipeline Capacity
@IF(INPUT:$C$69c"P·"CAl.C:$G$4G," "I
Pipeline Capuclty In excess
@l11'(INPUT:$C$S9:;"P'"CALC::tJ$4G." ")
@lIF(INPUT:$C$69c"P'''CALC:$G$4G,'''')
Gravity Scheme
Plpe!lna Dlametar Md Material
@11'(INPUT:$C$69c"G·"CAl.C:$G$S7." ..)
@l11'(INpUT:$C$69c"O".INPUT:$C$11H," ")
@lIF(INPUT:$C$11c"0'"CAl.C:$1$130." ")
@l11'(INPUT:$C$71,,"G",1NPUT:$C$160," ")
PlpcllM !.enoth
@IF(INPUT:$C$69c"G"IINPlJT:$C$144," ")
@IF(INPUT:$C$71c"O·"INPUT:$C$122." ")
At:tuall'loW
@jIF(INI'UT:$C$69c"O",CA!.C:$G$60," ")
@IF(INP\IT:$C$711:l"0",CALC:$0$121," ")
Plpellnn Capacity
@IF(INPUT:$C$69c"G'"CALC:$G$f)1," ")
Pipeline capacity In eXC~$R
@lIP(INPUT:$C$6!l="G",CA!.C:$I$G2," ")
@IF(INPUT:$C$69c"G'"CALC:$G$!l2," ")
storaoe
«llIF(dBASe:$B$93:'1" "," ",dBASE:$B$!)3)
@IF(dBASE:$B$9:1;"" ..... ",dBASe:$B$92)
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REPORT:C17:
REPORT:D17:
REPORT:G17:
REPORT:C20:
REPORT:E20:
REPORT:H20:
REPORT:C22:
REPORT:E22:
REPORT:C24:
flEPORT:E'ZI::
RcPQRT:H24:
REPQRT:C2!l:
REPORT:H26:
REPORT:C28:
REPORT:E28:
REPORT:H2Il:
Hi:iPORT:C30:
REPORT:E30:
REPORT:H30:
REPORT:C32:
REPORT:E32:
REPORT:H32:
REPoRT:C34:
REPORT:E34:
REPORT:H34:
REPOR'l':C31:
REPoRT:E37:
REPORT:H37:
REPORTlC39:
REPORT:E39:
REP"RT:H39:
REP>JRT:C41 :
REPORT:E41:
REPORT:H41:
RePORT:C43:
REPORT:E43:
REPORT:H43:
REPORT:C46:
RIlPORT:H45:
REPORT:C'AS:
RF.PORT:E41):
REPORT:H4a:
REPORT:C60:
REPORT:D60:
REPORT:E50:
REPORT:C62:
REPORT:D62:
REPORT:1:62:
REPORT:C64:
REPORTlCSS:
REPORT:e65:
REPORT:H65:
RepORT:C66:
REPORT:~166:
REPORT:C57:
REPORT:G61:
RI:.PORT:H67:
REPORT:CGS:
REPORT:G5B:
REPORT:HG8:
REP(lRT:CS9:
RllPORT:G60:
REPORT:H6D:
REPORT:C60:
REPOR'f:ClGO:
REPORT:HGO:
REPORT:CIl1 :
REPORT:G61 :
RIlPORT:HG1 :

PROJECT RepORT ·1

Description
current Situntion

Proposed ProJec1
PopUlation
+cALC:$G$5
+CALC:$G$79
Growth Rate
+CALC:$G$7
Population Density
+CALC:$G$13
+CALC:$G$B1
Pr9Jec1Horizon
+INPUT:$C$73
Total Domestic Water Demand
+CALC:$G$17
+CALC:$G$83
Scheme Water demand
+CALC:$G$19
+CALC:$G$a7
Other Wllter demand
+CALC:$G$21
+CALC:$G$B5
iota IDemand
+CALC:$G$23
+cALC:$G$69
Number or House connection
+CALC:$G$26
+CALC:$G$91
Number of Yard taps
+CALC:$G$27
+CALC:$G$93
Number of standpipes
+CALC:$G$2il
+CALC:$G$96
Numb\lr of handpumps
+CALC:$G$31
+CALC:$G$97
Number or Water Points (f:mln walking distance)
+CALC:$G$9G
Water Source Capacity
+CALC:$G$33
+CALC:$G$107
Water Source In Excess for Domestic Demand
+CALC:$I$36
+CALC:$G$36
Water source In Excess rot Total Demand
+CALC:$1$37
+CALC:$G$37
Water source Development for scheme Demond
Demand
+CALC:$G$19
+CALC:$G$I01
Water Sources Avnllabillty
+CALC:$G$107
Boreholes
+CALC:$E$103
+CALC;$G$103
Weir
+1~ALC:$E$104
·tCALC:$G$104
Spring
+CALC:$f4S1OG
+CALC:$G$I05
River or I..nko
tCALC:$ti$1OG
+CALC:$Q$106
TOTAL
@SUM($G$67 ..$G$GO)
@jSUM(SH$S7 ..$H$GO)
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TECHNICAL. CALCULATlONS·4

CALC:B144: SlorugQ to be constructed
CA!.C:G1044: (!!IF($G$143-$G$142<O,O,$G$143-$G$142)

-'---:------:~-----:-------.--
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