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ABSTRACT

Current practice of the rural water sector in Mozambique does not generally consider all factors
that have influence on 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 propetly.

A Decision Support System (DSS) for rural water supply has been proposed to assist the decision
making process to be more systematic, fust and comprehensive, i requires a number of input data
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 preliminaty design, and the financial results which are
important for project assessment and ranking,

The Decision Support System is a4 computational model which uses engineering and economics
approach to combine and process input data and information contained in its database. While the
caloulation method does not need constant updating, the database has to be verified frequently
to produce relieble results. South African prices have been used in the database construction but
a correction factor facility was incorporated to adjust and make the modol useable in
Mozambique,

The model has been designed to be used by planners, enéineers and technicians, and finding
agencies. The model can be used by planners to assess implication of policy decisions on fiture
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-cyclonie zone, Around the
Zambezi River and towards the coast (east) there is a transitional zone with high rainfall flgures.

The average annual rainfall i3 968 mm: it varies between 327 mm at the Limpopo river entrance
(south) and 2611 mm in Gurue in the mountainous areas of Zambezia province (north). There
is 2 general decline of recharge index from north to south and from the coanst inland. This trend
is only modified by altitude influence, |

Droughts are common and related to the erratle rainfall distribution during the wet season.

Severe ones were recorded in 1949/50, 1959/60, 1969/70, 1979/84 and 89/95, Months of

drought can be followed by heavy storms ~ccompanied 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 (Libombas) to 1800
1an\ in some low arec. in the north. The water balance, caleulated over monthly averages, shows
& surplus resulting in runoff in areas with more then 800 mm of anqual rainfalt. The anntal
surplus cat: be over 400 mm in mountainous areas,

Average annual temperatures varias from 18° C to 26° C, increasing northward and inland, This
trend is intetrupted by the influence of the altitude in the upland areas with average annual
temperatures of 18° C, Average relative humidity at the coast 1y around 71% falling to 64%
inland, The average solar radiation generally lies between 18 and 20 MI/m#/day. Average wind
speed varies from less than 4 to over 8 km/h,

A Duelsion Support Systems For Rural Water Suppl;} In Muz;m.iliiquc
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3.0 MOZAMBIQUE - A DESCRIPTION
3.1 Background

Mozambique lies on the east coast of the Southern Africa, between 107 27' S and 26° 25’8
fatitude and 30° 12' E and 40° 51' E longitude, and has a Yand aren of 799 380 k.

The 1980 census indicated a population figure of 12.1 million. With an estimated annual average
growth rate of 2.3% for rural areas und 4.2% for urban areas, the 1996 population is about 18
million.

The World Bank classifiss Mozambique as one of the poorest country in the wotld. Just before
the Independence in 1975, the economy weut into a sharp decline, This situation was reverted
in the late seventies to reach its post-Independence economic peak in 1981, Since ther 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
reflected in the high mortality rate, 273 per 1000 live births for children under five years old, and
8 GNP of $80 US per capita.

The morphology of the country can be characterized by distinet units: consta! lowlands, middle
plateaus, upland plateaus and mountainous arens. This division generally coincides with certain

- gltitudinal intervals: 0 to 200 m (44% of the surface area), 200 to 500 n1 {29%), 500 to 1000 m
(21%), ancl over 1000 m (6%) respectively.

3.2 Climate

The climate in the north (north of Zambezi River) is under the influence of the cquatarial low
prossure zone with ¢ NE monsoon during tho hot season (Figwre 3.1). In the sonth (south of

A Devision Support System For Raral Water Supply In Mozambique
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v) Surface water treatment and supply

Small and large schemes of this natiire can be implemented. This generally implies the .
construction of g welr or dam, pumping to a reservoir, freatment (e.g. slow sand fliration or
flocculation, sedimentation, Slteation, and disinfection), then distribution (usually requiring further
pumping and storage).

The concept of providing water to a certain community is sometimes misleading as it implies that
the community has no water at all. The reality is that within the community, some typo of water
source exists, It may, however, not be of good quality, enough quantity, within a short distance,
or continyously available, 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 Dedlsion Support Syslem For Rural Water Supply In Mozambique
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2.4 Improving water facilities
Some of the typical imprdved water supply systems found in rural areas are indicated below.
i) Protected springs
Springs cen be capped and the water fed to a reservoir where it can be collested from a tap.
if) Shallow wells -
‘Where near-surface water exists shallow wells can be dug, capped and fitted with o lowslift
handpump, '
iif) Borettoles
Borsholes have been sunk and fitted with one of the following:
= handpump;
~ windinill pumzing inte an adjacent reservolr with taps;
~ diesel pump pumping into o reservoir at an clevated position, with some pipeline
distribution aud streets taps.
{v) Rainwater harvesting
Schools, clinics, ond some private homes have been fitted with roof runoff collection and storage

systems. This entalls the fitting of guttering and downpipes which lead into constructed or
prefabricated storage reservoirs.

A Decision Support Syslem For Ruzal Water Supply In Mezambiquo
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The upgrading of water facilities may therefore contribute better at improving health if they are
part of a general heaith and development programmie,

2,3 Water and economic development

An improvement ir: the access of podr communities to w ster can make a substantial contribution
to the quality of llfe of such communities,

In southetn Aftica people spend substantial tinte daily collecting water. Usually it is the poorest
sections of the community who experisnce the greatest problems of access to water and who
- often have to pay most for water,

The sairlng in costs {(whether In terms of time, effort and money) due to an improved gystem of
supply, may be invested in more productive actlvities such as education, child-care or
employment. More specifieally, 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 & greater contribution to
productivity than one which is disessed. While research on the consequences of {il health is
limited and int some cases, neither consistent and tor generally applicable, it does notetheless lend
support to the assumption that illness decreases productivity (Emmett et al 1993),

An additional consideration is that imprbving watet supply may, in the long run, also lead to the
greater use of water in other productive activities, such as agriculture. Another agsociated benefit
1 the creation of employment opportunities related to water vending and the construction of
- water tanks and pipelina facilities,

A Declsion Support System For Rural Water Supply In Mozambique
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The World Health Organisation has been able to show some “demonstrable reductions” in

" morbidity and mortality due to diarrhea a8 a result of improved water and sanitation provision
{Churchill et al, 1987:11). These reductions were not large but, are adequate enough, to prove
the link between good sanitation and reduction of mortality rates. '

It hiss 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 fover of between
60 and 80% (Sorokin, 1988:76-80). 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
devaloping world (Baurﬁ 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 s water supplies
facilities are 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 exaunple, diecases associated with water supply and excreta disposal, may either be “water-
borne” {depsndent on pathiogens in the water supply), or “water-washed” (dependent on the
quantity of water used for personal hygiene) or “water-based” (requiring divect contact with the
infected water sotrce) (Emmett et 4l 1993), In addition some diseases depend on vectors that
breed in or near water sources. Health problems may also be caused by the presence of minerals
or other natutal contaminants in the water supply. Aspects such ag personal and cultural hygienio
practices, 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 are poverty, malnutrition, low levels of education and literacy, and
oveterowding, It is apparent that diseases, high morbidity and mortality rates are a result of
several fhctors,

~A Declsfon Support Sjrslem For Rural Waler Bupply In Mazambique
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2.0 ASPECTS OF RURAL WATER SUPPLY
2.1 Background

Safle water is not only recognised as one of the basic human needs, but is also intimately related
to health and praductivity of developing communities. The importance of water as a basic need
was given recogrition by the United Nations’ designation of the 19803 as thie International
Drinking Water Supply and Sanitation Decade. As result, many small programmes have been

developed, surfhce woter sources have been protected and treated where necessary, gtound 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

Improving water services Is a step towards a number of important social needs and {functions, The
most frequently mentioned i3 the relationship between the health of a population and the levels
of water supply,

Inadequate water and sanitation provision is regarded as a mujor 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 of transimission.

Available evidence suggoests that there is usually n relationship between morbidity rates and both
the quality and quantities of water to which people have access. For example, empirical studies
(e.g. Sorokin 1988:79) have shown that the shorter the distance to safe sources of water, the
lower the inciderce of diarrhoen, Those houscholds with water inside the dwelling tend to have
the lowest rate of diarrhoen, followed by those with water cutside the dwelling but nearby, while
those who are furthest from water sources have the highest rate of infection,

A Doclsion Support System For Rural Water Supply In Mozambique
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In Chapter 3, brief descriptions of the water resources and rural water supply situation in
Mozambicue, 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, ' '

Chapfer 5, the User Manual, starts with general principles of project planning in order to help the
- uger 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
miodet, The results computed by the model wers then compared to those of the project to check
 the reliability of the mode] performance.

Chapter 7 discusses and summarizes the conelusions drawn from this research work and presents
recommendations ior further wotk on the subject. '

A Decislon Support System For Rural Waler Supply In Mozambiquo
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1.3 When should this model be used?

. Ag with any praject, a rural water supply project has & cycle with the following stages (Grover,
1983): ' o

Identification & d Preparation: In this 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 financiers and donors,
deternine whether the project will be implemented,

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

Operation: The stage vhen the project facilities are used to provide the services,

Evcluation, This is the final stage, when assessment Is made to determine the lessons
learned to improve on future projects,

This Decision Support System provides the preliminary cost estimates based on considerable data
gathering and analysis. It is therefore, a tool 1o be used during the Jdentification and Preparation
stage to predict costs, and during Lvaluation to compare the preliminary estimates with the finat
cost and identify the causes if major diserepancies cast. |

1.4 Structure of the report

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

& Deolsion Support Systen For Rural Water Bupply To 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 stizdy 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 of the area, or village under congideration,

The asnessed costs are based on the price dnta gathered from South African manufactures,
suppliers, consultants, contractors and other relevant organizations. To enable the use of the
model in Mozambique, provision is made for the adjustment of scenarios derived Uy means of cost
indices,

1.2 The contribution of this work

The Degision 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 mode! has been designed to cater for one
scheme at a time (adequate for local planning) and the input data format requites 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 i turn contribute to
further development of the model in addressing local factors that would imprave the accuracy,

A Decision Suppu:rt System For Rural Wator Supply In Mozambique
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1.0 INTRODUCTION
1.1 Background

After two decades of devastating war, Mozambique is now enjoying peace and the maitt goal is
- 1o reconstruct the Country and develop the economiy, Displaced people and refugess have been
returning to their places of origin, Most of these people come from the rural ateas where the
infeastructure has been decimated.

Urban areas cannot accommodate any population influx satisfactorily and it has been envisaged
that to Influence ecoriomy growth, tural 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. Antong the basic
infrastiuctural requirements, provision of safe and reliable water supply has priority. Water is
important from the health snd 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 niral water supply
for 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 & time
consuming and difficult exercise.

Rural watet supply in Mozambique has largely been based on emergency relief supplies, usually
in the form of wells or small boreholes fitted with hand pumps. Urgeney for providing safe water
to the rapidly growing rural population, limits the time for adequate project preparation, These
~ projects ate currently coordinated with large involvement from the central lovel institutions.

A Deoision Support System For Rura] Water Supply In Mozambique
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Figure 4.2 Technical calculation flow diagtam
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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 mode! may overcome
the difficulty.

The Decisioti Support System for rural water supply is essentially a computational model. Most
of the retationships governing the technical and financial aspects of & riral water supply project
are extensively developed mathematizally. 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, iilustrated on Figure 4.4 Flow diagram, requires input data from the user
describing the existing conditions, the water supply arrangentents, the proposed project, and
financial and economic factors involved, Guidelines to assist the decision on variables input are
discussed on Chapter 5, and data requirements are indicated on the Appendix B.

‘When the data ihput stage is complated the model then sizes the project components. This stage
is called t_he technical calculations (dppendix C). As often the component’s size may not be
contmercially avallable, the model converts the componeats into standard sizes,

A project report (Appendix 1) is then creatad listing materials and equipments, the unit and total
prices, and the total project cost. The project report resembles 4 summary bill of quantities.

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

A detailed description of technical caleulation, project reporting, financlal caloulation, and the
~ principles guiding the analysis, is given in the following sections. For clarity, the sections below
should be read together with the Appendices A to F,

A Docision. Fupport System For Rural Waler Supply In Mozambique
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4.0 THEORY OF THE DECISION SUPPORT SYSTEM
4.1 Backgrownd

The Deocision Support System for rural water supply is a model that should be viewed in the

- context of general modelfing o human and physical systems, Modelling ¢an be considered as the

development of a device which can represent a systom behaviour, The quality of & model is
dependent on hiow accurately it can reproduce the system response,

A model can be classified in many ways., An example of & model classification by (Langham,
1971) is lnstrated below:

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

Mathematical Model; the ideas wadetlaying the conceptual model are formalized and
written a3 statistionl or exact mathematical relationships,

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

Physical Model: is a mechanical or electrical model behaving according to the same kind
of equations as those doscribing the mathematical model.

Langham argues that a normal procedure is to devise a conceptual model and to produce a
mathematical mode! for it. If the mathematical model can be solved by computation, then there
6 & cholee betweon solving the equations analytically or using either snalogue or numerical
approximations, Ifthe mathematical model eannot be solved in this way, then a physical analogue
muy be used, The sequence can be interrupted at any stage if the appropriate model cannot be

A Declsion Suppott System For Ru al Water Supply In Mozambique
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Figure 3.3. Hydrogeological map of Mozanibique
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Figure 3.2 Mozambican main rivers, basins and dams
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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 resettiement.

The policy paper also states that priority should be given to labour based construction of wells,
gprings and boreholes. Drilling machinery should only be used when there s not water near
surface within 500 m from the village and able to supply 500 people per water source. The
baneficlaries 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

~extremely éimple. ‘Women play an imporiant role in the pracess as they iraditionally are in charge
of collecting water for domestic use. Necessary training will be provided by PEC - Programa de
Educagiio Comutitéria (Comimunity Education Programme), Although households are quite poor
some sott of financial contribution towards operating and maintaining the water supplies will be
encouraged.

PRONAR has estimated that they have an annual sapacity 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 contraotors has capacity to construct more but avallability of finds is the biggest constraint.

Funding of rural water stipply is essentially dependent on external donors, What is specific about
rutal water supply sector is that there is a large number of small seale donors whose initiatives are
sometimes difficult to coordinate,

A Doclsion Support System For Rural Water Supply In Mozambigue
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estimated to be 28 million m*year covering 28% of the rural population, For the year 2002 the
target is 40% of the rural population with access to improved (protected) sources, and higher per
capita consunsption (around 20 /p/d). The rural waier demand wilt increase to 58 million m’/year.

Yndustrial and commercial demand in urban ateas is now about 12 million m¥/year, of which two-
thirds are in the capital city - Maputo. This demand is fikely to increase to 20 million m*/year by
2002,

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

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

3.5 Ruraf water supply

In 1978 less than 5% of rural pe-ilation wera 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
Direcglio de Abastecimento de Agua e Saneamerito - Water Supply and Sanitation Unit (UDAAS)
and as result it 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 rurat water supply. This is called PRONAR - Programa Nacional
de Abastecintento de Agua Rurat (National Rural Water Supply Programme).

~ About 28% of the rural papulation is now provided with water of reasonable quality. In total,
6300 water Source were daveloped (wells, springs and boreholes) serving approximately 23% and
176 small piped schemes are in operation to serve some 5%,

A Desislon Support Systor For Rural Water Bupply In Mezambique
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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 fourid on the south of river Save ad along the coastal areas in the
notth, contain highly saline waters unsuitable for consumption,

Near-surface aquifers, suitable for low yield hand-pump extraction, can be found in neatly afl parts
of the country except in some patts 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 of five citles.

The main constraint in the use of ground water is often the water quality. For example, high
. population densitles and increaged 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 therafore unsuitable for human consumption.

3.4 Water demand

The total water consumption in 1985 was estimated at 1612 million nt’, of which only 4% derived
from ground water resources. More than 90% of total consurnption 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 m%/year. This is far
from mesting the demand of the existing population as only sbout 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 & consumption of 56 million m*year.

In rure! areas typical water usoe is 10-12 l/p/d and falls {o 4 Vp/d in areas far from a water sourcs.
‘At the present the domestic rural consumption from piped water and proteciad sources is

- A Deotston Support Systern For Rural Wator Sﬁpply n annm]ﬁque
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Cahora Bassa dam is one of the world’s ten larpest dams. In 1971, 583 small dams were
registered in Mozambique as having ar. estimated total volume of 60 million m®. More than 90%
were used for agticultural purposes or livestock watering,

Now the total impounded water capacity is 44900 million m®, The two largest dams are Cahors
Bassa (fo_r power generation) with 39200 million m® and Massingir (rulti-purpose) with 2260
million m? volume. The reservoir siltation in the dams have not been monitored.

Mozambique bas about 13000 km? of inland water, The largest natural lakes are located along
the Malawian border. The Mozambican part of the Lake Niassa has a surface area 0f 7000 k.
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, ares 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 the
Incomati, Limpopo, Pingog, 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 wain hydrogeological units (Figure 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: thoss in the saturated zone and those in fractured roek. Typical borehole yields are 1-2
m*/l and rarely greater than 6 m*/h. Low uneconomic yields (0.5-0.8 m*/h) can also be found.
The degree of mineralization depends on the water beating formation and typically les between
700 mg/l and 1500 mg/l.

A Locision Support System For Rural Waler Supply In Mozambique
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3.3 Water resources
3.3.1 Surface water

The main source of water in Mozambique is surface water, The average annual run-off amounts
to 213*10° m¥/year, of which only 97410 * m? /year originates from rainfall on Mozambican
terrtory, Tha irregular rainfall distribution during the year iniplies that substantial water storage
is required in order to make use of tost of the water potentially available: about : 0 m/day/person
compared to wotld average of 27 m*/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 annua! run-off. Most rivers have
a torrential regime. The rivers are classified as perennial, seasonal or ephemeral streams, Some
of the previously perenmial 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
throﬁghout’ the wet season but are otherwise dry; frequently these river beds function as
underground drain, The ephemeral streams only have water during and imrmediately after heavy
rains.

Almost all major rivers in Mozambique ars international rivers and the water consumption by the
upstrearn riparian states reduces the availability of water for the fiture economic developinent of
the country. South Africa, Swaziland and Zinibabwe now abstract over 50% of the potential
border Bow. As a result of this consumptinn by the neighbouring states, the previously perennial
rivers in the southern provinces arenow dry fors - 1onths of the year, These rivers are the
source of water for the city of Maputo and th, - wwically important irtigation areas in
Umbeluzi, Incomati and Limpopo basins.

Many dams have been construated with the aim to guarantee water supply to urban centres and
- to irrigation soheies, to produce elecirical energy or to regulate the torrential regimes. The

A Decision Support Bystern For Rural Water Supply In Mozambigue
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Figure 3,1 Climate (after Reddy 1984 and ATLAS Geogréfico 1986)
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(31)

-~ where,
D = the pipe diameter (m)
A = the non-dimensional Darey friction coefficlent
L = the pipeline length (m)
Q= the flow (m/s)
g = the gravitational acceleration (9.81 m/s?)
H = head (m)
T == ratio of circumference of a circle to dinmeter (3.14)

Storage

- Storage is caleulnted as o function of daily water demand, The user specifies how niany days
demand of storage is appropriate for the acheme taking into account the system reliability and
hout= per day pumping versus hours per day drawofE.

Stornge excesy

The model compares the existing storage capacity with the caleulated capacity required. Ifthe
axisting storage is bigaer than the caleylated capacity, then there is a need for additic- al storage.
If the existing storage is smaller than the ealoulated capacity, then there is storage capacity in
excess which could be used for future demands.

A Dedision Sﬁmmrt S'yatmn For Rural Walor Supply Tn Mozambigue
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New scheme

Pamping requirements for a new scheme, i3 assessed using the same approach as used for the
existing scheme, and the values of flow and head now correspond to those of future needs.

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

Gravity Schemie

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

ALY
He gD

and continuity equation
(29

T mvamri—"

w3

ci————

4

po

the following relatlonship is obtained
(30)
Homs MO*
DY

rearranging the above formula diameter D is caleulated 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
caloulated 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 |
Existing Scheme

The powei consunied, in warts, by a pursp when delivering a discharge Q (m¥s) at a head Hm (m)
with combined pump/motor efficiency 7, is:

' @7

pu.E&Q_}i

- n

where,

P = ig power (waits)

p < Is the water density (1000 kg/m%)

1 = is the pump/motor efficiency _
g = {8 the gravitational acceleration (9.81 m/g?)
Q = is the flow {m¥s)

H =13 the total head (metres)

Comparing the pump requirement of the existing conditions with that of installed pumping
capacity, it s possible to determine if the exsting equipment is working overloaded, under-loaded
or within recommended range. The head H, is the sum 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
caleulated 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,

Pumpiog Requirement
Existing Scheme

The power consumed, in warfs, by a punyp when delivering 4 discharge Q (%) at a head Hm (m)
with combined pump/motor efficiency 1, {s:
(27)

Pn-eggfi

n

where,

P = is power (waits)

p = is the water density (1000 kg/m")

1 = {3 the pump/motor efficiency

g = is the gravitationn) acceleration (9.81 m/s%)
Q = is the flow (n’/s)

H = is the total head (metres)

Comparing the putnp requitement of the existing conditions with that of installed pumping
capacity, it s possible to determine if the existing equipment is working ovetlonded, under-loaded
or within revommended range. The head H, is the sum of the statle head and the fifction head loss.
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fthe proposed project considers only handpumps level of service, i.e, does not include a schieme
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, Sutface water sources ate not considered.

Pumpiog scheme

Under this clagsifioation fall all the schemes that Involve pumping. The calculation is as follows:

Existing scheme

The head loss duo to friction is caleulated based on Darey-Weisbach formula;
(26)

ALV
2}

whete,

H = the head loss due to friction in metres

A = the noa~dimensional Darcy friction coefficlent

L= the pipe length in metrog

V = the flow velocity in metres per second

8= the gravity acceleration in metres por second square
D = the pipe dinmeter in metres

For the existing scheme it is an explicit equation because all the variables nre known, However,
tho rato at which the pipeline is operating can be accessed by comparing the actual velocity and
the recommended velocity, set in the mode] database,

A Decision Support System For Rural Water .Supply In Muz:ﬁnbique
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Water source in excess of domestic demand (WSEDD). The importance of this calculation, is
to check ifthe available water sources are adequate to meet the domestic demand, independently
If it is through the scheme, or direct collection from the svater source, The caloulation is as
follows:
23)
WSEDD = Water Source Capacily - Total Domestic Demand '

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.

~ Water source in excess of total demand (WSETD):
(24)
WSETD = Water Source Capacity - Total Demand

This is & useful indicator, if plans exist to develop irrigation schemes, fauna, or industrial activities,
For the “current situation”, it compares the totu demand with water sources developed, For
future, or under proposed schetne, potential water sourcas are taken i wo account

Water sowrce balance for scheme demand, This exercise sompares the water demand with the
source. It indicates, in percentage, how much can each source contribute to the total demand.
It Is up to the user to devide how to combine the sources,

Water source balance for domestie users not served hy the scheme (DUNSS). Since the
primary objective is to supply water t sural domestia consumers, consideration is also taken to
thoso cona. ers not served hw b oxisting or proposed scheme,

(25)
IHINSS = Tutal Domestic Demend - Scheme Domestic Demand

A Decision Support Syslem For Rural Walor Supply In Mozambigue
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_'Water source capacity

‘Present water source capacity is the capacity which has been developed and is in working
congition, The calculation is as follows:

Present Water Source Capacity (PWSC):
| (20)
PWSC = (River + Weir + Spring + Borehole + Wellsy Datly Yields

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

Maximum daily abstraction (MDA) for surface water:
_ (1)
Max Daily Abstraction = PWSC » No of Qperating Hours » 3600secs

The model repeats this ealeulation for each source and adds them, This gives the maximum
capacity of surface water sources.

Maximum daily absteaction (MDA) for groundwaters
(22)
MDA = Av Borehwle Yield » No of Borehole » No Qperating Hours * 3600secs

The model repeats this caleulation for each sourco and adds them. This gives the maximum
capacity of groundwater sources.
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Number of yard conneetions:
(16)

. Population » %Population With ¥T
No of FT “No of people per household

The number of standpipes for the existing system should entered by the user. For the proposed
scheme, the number of standpipes is calculated 25 follows:

17
.. Population » %Population Using 8P
No of 5P ¥z Design No of people Using SP
Nuniber of hand pumps;
(18)
_ Population » %Population Using HPu
HPy = 53
Mo of P Max Design No of people Using HEu
Number of required water points:
. (19)

- Project Area ~
No of Water Potuis Max Design Walking Distance No of 5P

To be accurate, the project aren 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 connection. This model does not take this into account
becauss, in many cases, the arens covered with house connection and yard connection, are almost
nogligible when compared with the tatal project area,
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Then Other Demand is caloulated as follows:
(12)
Other Demand = (Hospital + School + Workers) Demands '

Total Demand:
(13)
Tatal Demand = Total Domestic Demand + Other Demand

| The total demand s then divided into scheme demand, and demand of users not served by the
schome; the scheme demand is the sum of demands of users served by the scheme, This
differentintlon is important because rural water schetties are generally desigtied 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 Denemd « Daily Peak Factor « UFW

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

connections,

Number of house connections:

(15)

v _ Population » %Paopulation With HC
No of HC = : :
4 No of people per household

A Deciston Support Syslem For Rural Walor Supply In Mozambique
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7
Wells Demand = Population * YePopulation Using Wells » Wells dp.c.c,
where,
HC = Huse Comtection
YT = Yard Tap
SP = Standpipe
Hpu = Handpump
d.p.c.c = daily per caplia consumption
Therefore, the Total Domestic Demand;
8)
Total Domestic Demand = (HC + YI' +8P + HPy + Wells) Demands
Hospital demand:
®)
Hospital Demand = No, Beds » Hospital dp.c.c.
School demnnd:
(10)
Schaol Demand = No. Students » Studeqt dp.o.c.
- Office demand:
| (1)

Workers Demand = No, Workers » Workers dp.e.x.
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G = population growth ratio
n = number of years
Pni = population in year n

Popula'tion density in the project area:

| (2)
e Population
lat! 1Y = it
Population Density Project drea
Total domestic water deznand is a combination of a series of caieulatiuﬁs as follows:
_ @)
HC Demand = Popnlation » %Population With HC' » HC dp.ee.
: “
YT Demand = Population = %Popuiation With YT « YT dp.c.c.
(5)
SP Demand = Population + YePopulation Using SP » SP dp.c.c.
)

HPn Demand = Population » %Population Using HPu » HPu dp.e.c.
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4.2 Model Computation

The standard enginecring practice is to let a feasibility study precede the final design, using
acoeptable simplifications and reasonable estimates. The model uses this principle supported by
a database to do the caleulations.

A project scenarlo is computed at the time, In order to compare different seenarios the model has
to be run as many times as the number of scenarios. '

The caleulation is divided into technical and financial calculations. Technical caloulation concern
sizing the project components, and financlal caleulation ¢ost the project and provides the related
financial information.

4.2.1 Technical computation

The supply capacity of 4 project is one of the most imporiant variables affecting cost, and cost
por capita of water, Project horizon and levels of servico are the two factors with major influence
on the supply oapacity. The criteria to select values for these variables are deseribed on Chapter
5. Alter enteri'ng the required information (Appendix (), the following parameters are calculated
by the model:

The populatiou figure at the project hotizon is calculated using geometric projection formulae:

6))
Pr=pPx(1+GY)

whers,
P = current population
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50 USER MANUAL
5.1 Background

The Decision Support System for rural water supply in Mozambique is a mathematicnl 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 projrct, and the
conditions where the project is intended to be implemented. Before wusing the madel, the project
has to be studied and planned, given that the results can only be as accurate a8 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 study, refers to a set of broad guidelines and principles set to
help the user concelve a project and estimate the variables,
5.2 Project planning
As highlighted int Section 1.3, & rural water supply project has the following stages:

« Identification and Preparation.

= Approval,

- Impiementation.

- Operation.
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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
cartainly be done but it requires skilled and educated Judgement which in mary cases, are lacking
in developing countrigs.

Each village or community is 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 & margin for error.
However, with reliable input data, the result caleulated by the model would give a goed indication
of the Jevel of investtent required.
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. The unit of analysis is the individual project (a scheme gerving mure than one
village and/or the development of local water sources for a village, and the local
infrastrusture particular to ene village). Data is collected and analysed by village
and by scherne,

- The model provide for a standardised spproach to costing, making all costing

assumptions explicit,

Weaknesses: _

-~ The linkage between the village databnse and the scheme costing sheets ia ot
automated.

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

. The model doss not easily cater for a large number of villages {more than 50) and
& large nutrber of schemes (moro than 5).

. The allocatlon of sehieme water and scheme cosis between villages need
refinement,

" The model does not oater adequately for existing infrastructure.

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

- The user-interface could be improved, (Not user fiiendly).

«  Etror checking could be improved.
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on actual project proposal. Instances are when a globat per capita figure, e.g. USS$ 40 (Singh,
1990) 18 used to estimate a project cost.

In South Africa untll recently no single agency at natlonal level was charged with ihe
responsibility of ensuring that all households are served with adequate water supply and sanitation
{Muller 19918). Because there is a need to reduce the backlog of rural water supply coverage,
neglected in the past, the Department of Water Affhirs and Forestry has committed itself to the
development of a Financial Modelling of rural water supply. The ntodel, developed in 1995/96,
had the following objectives:

- To develop capital and operating costs sconarios (at distriet/ares, regionalprovineial, and
national 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 / subsidy / income policias
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
operating income implications.

The model development hag been finalised but no information is yet avuilable about its
parformance. However, because the prototype was based on five districts of approximately 250
000 people, ticlow are some of the findings summarized by the consultants involved in developing
the model:

Strengths:

- The model provides a tool for systematic development of scentrips for both
capital and operating costs of rural water supply at the district level, on the basis
of key explicit nssumptions such as service levels and water demand,
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have the major potts, chief components of the Maputo and Beira corridors respectively, aud have
the highest service providers conoentration in the country.

'The cost variation among the 10 provinces of'the country, shown on Flgure 4.3, are based on the
price indices listed below. Maputo and Sofhla provinces have o cost factor of one, and the
remainder are as follows:

Gaza 1.2;
Inhambane 1.25,
Manica 1.1;

Tete 1.2;
Zambezia 1.3;
Nampula 1.2;
Cabo Delgado 1.3;
and Niassa 1.4,

The financial computation of the Decision Support System, is currently set to increase by 5% the
South Aftican prices if the project ia to be implemtented in Maputo and Sofala provinces, At this
sta,  this is the main factor for model calibration with regard to its applicability in Mozambique.
Ally . variablos that affect the cost are cither optional, or related to thie total project cost by
defiult, or user speeified settings. The default settings are based on South Afrien current
practices and they are similor to those used in Mozambique e.g. ratlo between project cost and
project design and supervision,

45 Financial mode) for mseal water supply in South Afrien
Cost ostimate of rural water supply has been a complex task particularly when information on

water sector demiand i scorce or not avadlable, Different countries and organizations use different
methods but in many cases they ate based on extrapolations from previous projects rather than
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equipments needed. These goods have to be imported as the country do not manufacture them
in quantities enough to mest the market demand. Government generally grants import duties
exemption, but the process is lengthy, The delay due to goods clearance, enuses profect cost to
increase out of contron, '

In some cases, funids made available are tied funds, meaning that prefersice may be given to
~ coriain suppliors and service providers, usually from the donor country, ‘This may not always be
the feast cost alternative,

Other faotors affecting the project cost stem from the manner in which the project is implemented,
and the location of the project. A labour based approach is clieaper but requires a high degres
of manageﬂal input, Coatractors can deliver in time and require less input from the client,
Howaver, their involvement may increase the overnll project cost,

Substantial geods imported by Mozambique come from South Aftics. After fransport, impott
duties and profit margin, the unit prices can sometimes be as much as the double compared to
South African retall prices. It is important, therefore, to verfy if onterials and equipments to be
used in & project ace import duty exempted, and if they are purchased directly from the suppliers.
‘Consultants fom abroad represent another burden on costs due to travelling and accommodation
expenses.

Transport network services are not developed, and some major road routes are not in operationa}

condition; alternative routes, generally more expensive, has to be used to deliver the resources
to site. Project location is therefore a varinble with large influence on the cost.

4.4 Model Adjustment

Project locatlon has a large influence on costs, Tn Mozambique, . secta carried out near the
cities of Maputo and Belra are found to be the least expensive. They are the two biggest cities,
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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 whick is written off every year, The depreciation
of the asset is assumed to be direotly proportional to its age. The caleulation is as follows:

(33)

. _ Initlal cost ~ estimated salvage value
Fixed instalment = —ee— _ ;
: _ esiimated life (years)

The cost of water - is the unit cost to be paid to cover the water production, The cost car be
expressed as cost per household, cost per capita or cost per kI. These cost can cither cover the

operation and maintenance, operation maintenance and depreciation, ot aperation maintenance,
 depreciation, and annugl loan repayment.

Tlie cnpital cost per eapita - is the total project cost divided by the popuiation figure.

4.3 Tactors affecting cost of rural water supply i Mozambique

‘Mozambique considers rural water supply activity a priority due to the need of resettiing the
population in those areas. The policy is that baric infrastructure, water supply being part thereof,
nead to be provided to entice people. The cost of providing water in rural arcns vary considerably
from place to place, and it also depends on how the project is Identitied and funded.

The National Directorate for Waier Affairs (DNA), through PRONAR, identify and rank projects
countrywide, These projects are generally coefinanced by government and donors, or fully
financed by the government budget. Private investors seldom finance such projects.

Cnses are when donors, particulurly operating, in rural areas, find that water supply is a major
problem and do make funds avallable to implement projects to alleviate the problem. The
constraint, however, is that donors are hot prepared to pay import duties o materinls 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 15 & view tool
displaying results, Changes can only be made to “Input Daia” (4ppendix B), to manipulate
results,

After calculating the project cost, and operation and 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 Water Price

Water price figures are displayed on a worksheet called “PRICE” {dppendix I'). The first lines
~ shiow results imported from the Project Cost worksheet. These are project cost, operation and

maintenance cost per anttum, and cost sharing between grant, soft loan and commercial loan,

Annual repayments of soft and commereial Joans are caloulated based on the following formula:

. (32)
Annual repayment = LN ) S
()" -1
where,
i = interest rate in %;

n == the repayment period in years;
C = the loan capital in Rand.

Depreciation - is caloulated based on straigght line depreciation sometimes known as the fixed
ingtalment method. The basis of the method i3 that the difference botween the inltial cast of the
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Besides the material and equipment cost, the model also takes into account other factora 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
gre available to the user to specify if the total cost should consider these issues:

i} Not to inglude in the caleulations. Type N (for no) when asked if provision should be
‘made for each item.

ii} To include in the caloulations usi'ng default percentage values stored as database.

iti) .'I‘o inchide in the calevlations using ulump sum values specified by the uger. This is
useful when & ceiling budgets exist for esch item,

- Project costs are shown on “COST” (dppendix E) worksheet, On this workshieet, information
from “REPORT™ (Appendix D) worksheet is extracted and listed on a bill of quantities format.
Unit rates are imported from the “dBASE” (dppendix A) worksheet and used to caleulate the

costs,

Tha “COST™ worksheet is divided into six columns with the following headings: item number,
item deseription, units, quantities, rate, and amount, The contents of each column are as follows;

The column for #Hem number lists pre-set item numbers which could be use for eagy reforence.
The column item description containg biief information on the item,

The column wnits shows the item unit of measurement .

The column quemtities dispiays the amount of item required.

The column rafex indicates the item unit cost.

A Decision Support Syatem For Rural Waker Supply In Mozambique
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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

Praject report (Appendix D) is a list of selected results and input information descriljing the

existing situation and the proposed project.

The results of caleulations 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 inspecied on the “CALC” (dppendix C) worksheet for a more detailed
anelysia. Inspecting the “CALL™ ~varksheet is useful if the user wants to compare the calculated
result and the assigned value,

4.2.3 Financinl calculation

Financial caleulation are divided into two categories: project costs (Appendix E) and the water
price (Appendix F).

4.2,3.1 Preject Costing
The model combiries the database information and user's input data to do the caleulations, Unit

prices of components are stored on the database. Onge the technical calculations are completed,
the model lists the materials and equipment quantities, the unit cost, and the total cost.
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Water freatment

- Water purification works form a complex entity. Quality of the influent and the permitted
quantities of 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
cotriponent is to be avoided, Groundwater is the most common water source and sitipls
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 {s required or not (more

details in Section 5.3),
Sharing facilities

In upgrading existing facilities, cireumstances are when some of the existing components
operating under their capacities and In good working condition, ¢an be used in the new scheme.
This ocaur because when & project is designed, it could be more cost effective to instafl 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 increnses sixfold, or the capacity of

a pipeline can be increased by installing booster pumps (Stephenson 1989), Depending on
fuctors such as rate of growth in demand, opeiating factor, certainty of future demands, varying
cost with time, physical difficulties in the constructio« - [ a second pipeline if required, installing
a larger diamater main at the cutset may be ecconomical.

- Deuisions of this nature are usually supported by aystems analysis techniques such as linear
programming and dynamic programming and this implies that different components in a water
scheme have different hotlzans.
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Elevation (m) - is the difference in levels from the water source fo 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 ofeﬁcrgy available to run the pumps and other equipments of the
systern. The energy can be electricity, or diescl,

Raw water quality - the need to install water ireatment facilities is deterrnined by the quality of
raw water, For rural water supply only two parameters are beiig 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

Honse connection - specify what exist, Options for the proposed project are GMS, PVC,
and HDPE,

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

Standpipe -specifi what exist. Options for standpipe connection on the proposed project
are GMS, PVC, and HDPE, '

Future per capita consumption (litres/person/day) - this information is based on sector policy
or the user’s judgement. How the consumption trend will vary in the future depends on factors
such as economical growth, general development, water availability, and water system reliability.
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Storage requirements - considering the reliability of the system, the user should specify how
much storage is appropriate as o function of a day demand. The reservolrs are usually sized to
meet one to three days demand. This allows for maintenance and repair works without

- interrupting the supply of water to consumers. For small schemes, a two-day demand is
recommended,

Peak factors - are factors used to reflect the increase of consumption in relation to the average
line, Althiough at the 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 mest peak
demands, Default daily peak factor is 2.5.

Uniceounted-for 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 peactices. For small schemes unaccounted-for water figures can be of the order
of 10% to 15% depending on how cfficiently the system is managed.

Nombers of hours of dafly function - is the average number of hours the scheme operates per
day, In rural areas, ofien the water systeris only operate during the day due to shortage of
electricity or diese! for generators. Ten to 12 hours per day, is a good figure for a well-operated
scheme,

Distance from the water source to the highest point (m) - is the distance used in the
computation of head losses due to friction. For a pumping scheme, for instance, ls the distance
to which the water should be pumped, given that from that point the water will flow due to
gravity foree,

Tota] pipeline disinnce (m) - is the distance from the water source to the distribution
retioulation. It should also inchude the total length of the retioulation.
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Number of students - {5 the sum of all schools’ capaeities within the project area.
Number .o.f hospital bedg « 15 the sum of all hospital capacities within the project area.
Number of workers - 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 2 higher level in relation to distribution, and no
pumping is necessary.

Pumping when the water soutce i3 at a lower level in . slation to the distribution, and
pumps are required to provide energy to water to reach water tower, or a distribution
retioulation.

Handpump when no scheme is anvisagad.' Waells and boreholes will only be fitted with
handputps,

Project hovizon - number of years from the design to the timie the design should cater for, in
terms of demand,

Water sources - this information is divided into sutface water and groundwater. Surface water
consisting of weir, spring, river or lake, requires the maximum abstraction rate (litres/second) for
ench source,

Groundwater refers to wells and borelioles. Average values of depth {m) and yield (V/s) of both
for wells and for boreholes, are required.

Handpump refers to wells or boreholes fitted with handpumps, Averags yields (I/s) and depths
(m), are the required data.

A Decision Support System. For Ruzal Waler Supply I Mozambique
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. (36)
. No of people using standpipes 100
Standpipe total population
37
« No of people using handpumps 100
Henelpump total population
(38)

Others = No of people with none of the above 100
total population

Present number of people served by s water point - this information is related to the usur's
convenience, Fower [-eople per waict polnt 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 maximura values,

Present maximum walking distance to & water point - this information i also related to the
user’s convenience. The shorter the distance to a water point, the shorter the time, and less
human enetgy is spent on water collection. This figure shows a level of service and determines

- the number of water poiit needs. Values vary from 25¢ to 750 mietres, Country policy paper may
specify the peximum values.

Sinca both number of peoplo 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 betsveen the two. In doing that both criteria are met,
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Yard Tap - household provided with a tap on the yard. Water is collected 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 consuniers collect their water. Per
capifa 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 « per capita consumption of a hospital, is the total water consumption divided
by the number of beds of the hospital.

Warkers - consumption figure for this category should be obtained by dividing the total
consumption of working places by the humber of people employed,

Present percentage of people sevved by different levels of service - this Information is obtained
ug follows: _
(34)

No_of peaple with house connection 100

House come tion = >
ital population

(35)

 Yawd tap = No_of people with yard tap 100
total popriation
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Project Name - is the name the project is, or will be, known for.
Project Number - is the reference number, the orgunization 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 dus to their particular conditions. Type
the first three characters of the province name only, e.g. MAP for MAPUTO.,

Population - this refers to current mumber of people living within the project area, and the
population that will be served by the proposed project, This information can be obtained from
Jocal authorities and organizations operating in the zone.

Population’s Growth Rate - this is a statistical figure caleulated by the planning bodies and
available in many literatures, and can also be provided by government departments.

Project Aren - is the area where the direct beneficiaries of the project live, in hectares. This can
bo measured out on a map,

Average number of people per household - this is a statistical figure celeulated by the planning
bodies and available in many literatures, and can also be provided by government departments.

Present per eapita consumption (litres/purson/day) - value to be caloulated based on the current
water supply and the consumption. This item is divided into seven categories and each value
agsessed independently, i.e. they should actuvally be measured, or if records exist, they should be
used to estimate the curvent per capita’s corsumption. The categeriss are:

House eonnection - household with water 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,
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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 bave *he responsibility to operate and
matritain 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 uges the information provided by the user and its database to do the
calculations. Database records have been built based techniual, financial, and planning procedures
used in the civil engineering industry,

Input data strusture, hoWever, does not define clearly what variables arc related to technical,
financial, or planning flelds. The model has been designed in this vvay for two (casons;

i) at repional and provincial levels, most professional are involved one way or the other,
in the threa fields duo to the shortage of specialists in each discipline;

i) considering that one of the objectives of this model is to develop capacity within the
watet seotot, it is important that prior to entering data, the user goes through the global
planning eéxercise of the project. Tho results, neverthieless, can be nssessed based on area
of expertise,

To run the model about 140 input variables are required. Since all the information has the same
degres of importance, checking the information sourca reliability and data accuracy, is advisable.

To enter data, upper case has to be used, The model is case sensitive and does not recopnise
information entered in lower case.

The required input information is:
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The administration of rural water supplies has Ratore; which are different ffom those
characteristics of the water supply and sanitary systems for towns, The size of the administrative
- area is an important factor leading to communisstion and travel problems with a central
organization, Yet even where selfthelp and locally rau sysiems are feasible, a central organization

will be necessary; there may be a tendency for tauitied engineers to indulge in design activities
" rather thac to become involved in the vital, buf appecently less intellectual demanding, tasks of
management, operation, and maintenance of rral water supplies and sanitation

5.2.7 Financial aspecis

There are several financial aspects to be vonsidered when planning a project. Institutional
arrangements have influence mainly ot 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 or 60% of the total project cost
and always need to be assessed. The other benefit, is the sedse of ownership which is vital
for future meintenance of the infrastructures, when the beneficiaries contribute to the
project.

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

Office equipment and tools - water tariffs in rural areas are normally not charged
according to the real cost. As a result, the undertgkings do not usually have enough funds
to maintain the sclieme properly, and cannot afford to buy office equipment, tools,
chemicals, fuel and spare perts. It has beea a practice to include these items in capital
costs of new projects, or rehabilitation projects,
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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 serviee 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 infrastricture and may attract population from the surrounding countryside. ;
This has influence on total water demand.

£.2.4 Project horizon

Rural projects will normally have a short future planning period for design purposes. A project
horizon figure of ten, or at most 15 years, might be appropriate. This is not to say that future
extensions should not be possible beyond the provision made initlally, The provision of staging
is often important when funds are scarce and needs great, but the design capacity should not be

exoessive as this leuds to waste and inhibits incremental improvements.

5.2.5 Sclection of materials and equipments

The selecdon of materials and equipm.ents has a direct influence on cost, and operation and '
maintenance of facllities, Preference should be given to local available resources if they meet the
standards of quality. Sophisticated equipmerits 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 i

Institutional requirements for rural water supply need to be more community oriented. The level
_ of maintenarice skills should not be high and simpucity in the design of facilities is essential. |
Qutside help or remote maintenance organizations cannot always be relied upon.
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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
bacte.ia, and generally to be usable without treatment, The aquifer provides natural storage, and
wells can b 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 nio treatment, and can deliver wate- to the users

by gravity. A source requiting no treatment but which must be pumped would be the next choice,
Treatment plants, however simple, are not likely to be maintairm:c:I properly in rural areas, and
fhilure of the plant posés & 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
Tikely to receive attention, '

5.2.3 Water quality

The appropriate standard of water quality is a matter requiring considerable judgement. Pubfished .

figures are not always relevant, and adherenice 1o them in planning, can lead to unacceptable and
unnecessary costs. There are, however, soms 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,

8.2,4 Water demand

The rnain critetion, apert from population, is water consumption per capita, On ihis, most other
‘parameters will be based, Consumption will rise with increased availability of water, rising living

A Decision Bupport System For Rural Water Suppl‘y In Mozambique

S -



Chapter § o _ | : - Paped8

a function of demands, Rutal domestic demand is much smaller than that of itrigation for
instance, Operation and mai:tenance of the water supply systems can, nonetheless, be combined
with that of the irrigation scheme in order not waste resources when there is shortage of skilled
personnel, The management method for the irrigation system may also provide a model for the
institutional arrarigement needed for water supply and sanitation, of the reSponsibilities'may gven
be combined,

Socioeconomic and community participation aspects of a project are very iraportant for a
successful implementation, Community Education Program (PEC), as the activity is called in
- Mozambique, shonld come first to ensure the com:nunity acceptance and their contribution
towards the project. Community preferences should be taken into account within the availability
of flnds,

5.2.1 Design criteria

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

One fundamental oriterion is that the provisions, must be more convenient than the existing
arrangements, Improved quality of facilities alone is not always sufficient to ansure tieir use, and
the ctiteria 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. Ifthe total project involves many separate communities, then a pilot project
can be usefis! for this purpose, and ag a demonstration to other communities of the benefits to be
galned,
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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:
identification and preparation. Having a good understanding of the project physical conditions,
Is important during this stage; economic, sodial, and technical factors specific to the project
focation, will influence the needs.

Each project must be related to its locality, both physically and soclally, Studies ghould be as brief
ps possible and the written report concise. They should be constructed from a standard pattern,
50 ihat all relevant data are gathered, Planning for water supply and sanitation components should
 always allow for upgrading of facilities and the use of more advanced technology when this can
be afforded, and the demand arises,

The lower the income level of the target beneficiary groups, the more diffioulties any project will
encounter on its passage from concept to satisfactory continuous operation. Therefore, and
despite their apparent techriical 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 acoeptaviiity
should first be stipulated. World Bank (1983) proposed that the following four variables to
mepsure the adequacy of a water supply system:

- amount of water (quantity)

~ quality of water

- distance to water supply {aceessibility), and
- reliability of the supply,

Ini the rural sector, domestic watr: supply is usually considered isolated from other arrangements
such as irrigation, This occur because of the imbalance between the installation requirements as

A Delsion SupporE System For Rural Waler Supply In'Mo-zam.bique
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INPUT DATA » 2

Numnber of;
Studunts
Hospka) beds
Workiers

Typo of enleting acharrie (G-gravity, P-pumping or HP-handpump)
“I'ypa of proposnd selismo (G-imavity, P-pumping of HP-hondpump)
Prejoct Hettzon

Prosont YWoter Scurco « Developod
Barchele ’

Dopth (m)

Yiold (e}

Numbay of Boeiwles

Burfagt

Walr {mnx obstraction rate ¥5)

Spring {mox akstraction rote Vo)
Fivar or lnka {max abstrmetion rala Us)

Handpump
Avelapa Yiold (e}
Nupve of bt wpimpa

Futtrg Whttor Sowrea for the schamo = {Petantial - Devolopod)
Borahola

Dopth (m)

Yield {tfe)

Numiar of beroholos

Hurfacq

Walr (mox abstrection toto e}

Speing (max nbistraction rete 1o}
Rivor or Jaka {max ahtraction rato lis)

Wator pouroa for contumurs nok sonved by the schoms
Avorage well ylokd (V)

Numbuar of woh

Avarago baroholo ylald (s}

Depth {m)

Nunber of borohole

Royulrments {No of doys' damond)
Propased Selieme WII Shoro Exleting Storage’? (Yo, N-No)

Paak facteto

Bally

Unaccourtedsdar wator ¢4)
Pratant

Futurg

Distanca fromn woter souree ta highost point aleng tha plpaline ()
Total disiones of ppoting

180

10

z.a

10

KF{L]
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Table 6.1 I.np'ut Data - Case study

INPUT DATA -1

Prajust Norme

Project heamboy

Provinco {Cmly fisst thraa charetors 0.9, NAM far Nampula)
Population

Population Growth Rote (%)

Projoct tren {+Hu)

Avoraga numbar of paopla por houcehiald

Prenent par capla consumpdion {h, ®
Houng sonnaction
Yord Gonhaction

Pro=ant porsontago of peoph served by:
Huuse connestion
Yard ecnnacilon
alnn::lpo
andpumy -
Cihor e

Humbor of poople gorved by a walsr pabet {o.. standpipn)
Maxime:1 wo'king distanco to wator paint {m}

Numbar of;
Sludonts
Honpital bada
Watkors

Futuro pet copka cehsumption {pd)
Hauge cantection
Yard Connestlon
Standplpe
Hantpump
Studom
Finnpiol bods
Workar

Fututo porsantige of pooplo sorved by:
Hougo cannaction

Yord tap

Btadplpo

Handpump

Canar

Numbser of panalo sarved by o water polnt {o.p. clandplpo)
Marmum walking dlstanco to water palnt (na)

Gait Waldr Projost
1
aoF
BEO00.
248

120

18

100
100

2t
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6.2 The Cais project
6.2.1 Intenduction

- Caln is  small town situated on the right bank of the Zambezi River. The population was
estimated to be 25000 inhabitants living in area of about 3550 square kilometres. The town
consisied of an Administration Building (Local Authorlty), one hospital with 150 beds, two
garages, 4 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 existing water supply system consisted of an intake station on the right bank of Nhanzacsia
River, tributary to Zambezi River, a water treatmetit unit, a pipeline feeding a ground reservoir
in the town, a water tower, and a distribution reticulation,

The objective of the proposed project is to rehabilitate and expand the existing water system in
urdot to meet the filll deminnd 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% wiil be served by standpipes, and
the hospital will have 180 beds. The project is to be financed by a grant from the Government and
the European Community (EC).

62,2 Description of the existing and proposed schemes

The variables deseribing the current facilities and the new project are listed below on Table 6.1.

& Declston Suppor! Systens For Rural Water Supply In Mozambique
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6.0 CASE STUDY
6.1 Bacleground

A rural water supply programime to provide about 260 000 peoplw with adequate water supply
and develop Institutional capacity for future operation of the facilitles, is in progress in the
provinees of Sofula, Manica, Tete, and Zambezia. The programme is co-financed by the
Government of Mozambique and the European Community (EC).

The programme, comprised of soverel individual projects, consists of rehabilitating twelve smaft

piped schames, and construct boreholes and wolls equipped with handpumps, The Nationel
Directorate for Water Affuirs appolnted a consulting engineering firm to do the detail design and
the respective cost estimate, '

"The oase study is of & project in Caia district, Sofula provinee. This Is one of the biggest projects
in the programm, and presently with more information available. The objective of this cose study
Is to verify the advantages and accuracy of the model oporation against the consultant caleulation
methodology and results. The discussion focuses on major differences of appronch and
oonsistency; the results are ::nt assessed from a planning or deciston making point of view.

The presentation of the case sludy follows the following sequence: project introduction,
description of the existing Rwailiti~s and proposed scheme, results comparison, and discussion,
Description of existing facilities and proposed scheme are sutmarized by the Declsion Support
System reports.

A Decision, Support Fystem For Rul Water Sﬁplﬂy In andnilulqué .
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- “NA” meaning “not available” or not “not applicable™. This is elther because the pipe
dlameter calculated, is bigger than the biggest diameter available in material specified, or
the model hag no data on specified material, The user has to choose another material. The
options are shown in brackets nu whe Input line.

~ BRR 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 “NA™ message
explained above.

= gtars dcross the cell. The information does not fit in the cell. Thg cell width has to be
inereased to accommodate the data.

A Deciglon Support System For Ruzal Water Supply In Mozambique
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« “NA” meaning “not available” or not “not applicable™. Thig is sither because the pipe
diameter caloulated, is bigger than the biggest diameter available in material specified, or
the model has no data on specified inaterial, The user has to choose another material. The
options are shiown in brackets on the input line. '

- ERR occurs when no data was typed in, cr the data was typed in lowercase. This may
lead to & divislon by zero. Tt could also be, due to the same reasons as for “NA” 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 for funding agencies

Funding agencies may regasd 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 turn, divided into water source development, pipeline, putnping statlon,
storage and reticulation connections.

Othier costs cover items not related to the physical construction but essential for the nvoject
implementation. These are project design and implementation, office equipment, tools, training,
community participation, and contingenuies,

~ Water price figures are displayed on a worksheet calied “Price” (Appendix F), 1t displays
information on praject cost, nperation and maintenance cost per ennur, and o7 the cost sharing
befween grant, soft loan and commercial loan. Tt also iliustrates tho amount of annual repayments
on Jonns, and the annuaf depreciation values, These figures lead to the fina! estimate of the price

ofwater per household, per capitas and per kilolitre. These prices ace listed to include operation
and maintenance, operation maintenance and depreciation, and operation maintenance
depreciation and annual repayment on loans.

The last fine indicates the capital cost per capita if the project is implemented,
5.3.4 Error messages

- 'The Decision Suppott System model may sometimes display error messages after computation,
The most cormmon ctyors sre:
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1) Most caleulations are carried out on worksheet “CALC” (dppendix C) and the results
stored ort the same worksheet, For instanice, 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 purhped gystem and
at the higher end for gravity system.

i) The above arrangement may cause confusion in assessing the results, So to overcome
this shortcoming some resuits of the calculations have been selected and listed on the
“REPORT™ (dppendix D) worksheet, The project report gen'erated, is a summary
information of the current situation, and ths proposed project.

H)*CALC” and “BASE” (Anpendix A) worksheets are useful for detailed analysis of the
results, caleulations and factors used, For example, the user can verify on the “CALC”
~ what is the pipe diameter caloulated by the model, and the pipe diameter commercially
available assigned to the scheme. It could be useful, in certain circumstances, to change
some inpui: parameters and obtain a pipe diameter which is closer to a commerciaily
available size.

iv) Users may sometimes bo interested in checking the friction factor used in & particular

calculation, or to verify where the calculated dinmeter 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 caleulated diameter? This type of verification can only
be done on the “dBASE” worksheet, Users can view the contents of the workshest but
cannot make changes to it, unless they know the password,

v) On the “REPORT”, worksheet only the information related to the user’s options is
displayed. Xf the user has specified the system as a gravity scheme, the report will show
the results related to gravity caleulation.
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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} - thiese costs are based on time required per year (person-year) and
individual salaties, The p ofessions considered are: manager, supervisor, artisen, clerk and
labourer.

5.3 Results

Tha results of the Decision Support System model computation are displayed in 4 workshaets:
“CALC” {dppendix () referring to the technionl caloulations, “REPORT” (4ppendix D) to
project repott, “COST™ (Appendix E) vo project cost, and “PRICE” (dppendis F) to financial
results, This set up helps professionals of different disciplines to inspect the results which are
more relevant to their area of expeniise. The fields of éxpertise considered in this study are:
planners, engineers and technician®, 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, aud financial implications of policy declsions with regard to the rural water supply
sector, '

§.3.2 Resulis for engineers and techinicians

Engincers and technicians will find the technical calculations, project report, and project cost,

usefll to thelr field of activity. From a technical point of view, it would be important to observe
the following: '
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Office equipment - If no funds are required to pay for office equipment, type N (for no
ptovision required). If a lump figures (ceiling budget) for this activity exists, rype N (for no
provision) and type the lump surh value. If fiunds have to be allocated then the user can just type
Y (for yes provision required) and the model will allocate 1.5% for oifice equipment,

| Training - If no funds are required to pay for training, type ** (for no provision required). If
a lump figure (ceiling budget) for this activity exists, type N (for no provision) and type the lump
sum valug, Iffinds have to be allocated then the user can just type Y (for yes provision required)
and the me-tel will allocate 2% for training,

Community contribution ~ If the beneficiary community is not contributing to the project
implementation, type N (for no provision required). If & lump figure (ceiling budget) will be
mads available by the community for this activity type N (for no provision), and type the lump
sum value, Ifthe community contribution is in the form of labour then the user can types 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). Ifa lump figure
(ceiling budget) for this item type N (for no provision) and type the lump sum vajue, If funds
have to be allocated then the user can just type Y (for yes provision required) and the model will
allocate 1% for tools,

Contingencies - f no funds are required for contingencies, type N (for no provision required).
If a lump figura (ceiling budget) for this item 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 yes provision required)
and the model will allocate 10% for contingencies.

~ Project funding - o projest 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

" - percentage of the total project cost, lump sum, or both. The duta is entered in separate for

government and other agencies,
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waier sources, are also useful to determine the water sources’ cipacities, Possible water sources -

are: weir, spring, river, lake or ground water.
‘wéure number of boreholes - is an estimate of the number of boreholes that will be drilled.
Future storage reguirements - specified as a function of days demand.

Future unaccounted-for water « for a new scheme this parameter should be smaller than the
cusrent figure because leakages can be detected during tests, Values up to 15% are acceptable.

Materials for the proposed projects - advantages exist, in reducing diversity of materials and
equipments in a system, to faciliiate maintenance and spare parts tiquisition. 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). If a lump fipure (ceiling
budget) for this activity exists, type N {for no provision) and type the fump 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 mode! 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 (celling budget) for this activity exists, type N (for no
provision) and type the lump sum value. Iff funds have to be allocated then the user can just type
Y (for yes provision required) and the model will allocate 2,5% for project supervision,

Community participation - If no finds 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 sum value,
If funds have to be allocated then the user can just type Y (for yes provision required) and the
mode! will allocate 1% for community education,
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T£ no guidelines exist, the user will have to forecast the per capita consumption for all categories
(house conn - ~  ~cd tap, standpipe, handpump, student, hospital and workers), based on
personal experience and comparison with other examples. This a typical data to vary and -,eate
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 sexrved by: house connection, yard tap, standpipe, handpump or others,
Considering that improvement is expected in the fiture, 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 asceptable that in the future, everybody should have some kind
of safe drinking water, Therefore, there could be 4 scetiario where the percentage of “others” (e.g.
| people sollecting 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. ¥f no data exist, the users will have to make their own judgement considering the
development of the project area.

Type of pruposed scheme - this 2 technical decision based on water source availability and its
lovation, If'options exist, run the model with data reflecting the options and compare them. The
model caters for pumping or gravity systems combined with handpumps, or handpumps only.

Future 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. Witer resources’
studies and Investigations reports are the appropriate sources of information, Records on existing
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TECHNICAL CALCULATIONS - 3

Water Scurce Davalopriant for ssheme damand 313 ki
Avallabiity.
Borgholes 0% kitd
Welr 0% kid
Spring 0% kird
River ar lake . R78% 864 kitd
TOTAL 864 kiid

‘Watar Sourae Development for Useras not sarved by the scheme

Bamand : ki
Boraholos 0% Wird
Wells 0% kird
Tels! 0% kird
Numbar of hendpumps o
Purping seheme
Plpeline Requirement
Pragent pipeline cepacity 0 ls
Retuired capacity 48l
Flow In gxcoss 34.6 Ve
Diamater of the new plpaling 171 mm 180 mm
Valocity 1.60 mfs 1.96 mfa
Pumiplhg raquiroment
Exist'ng puniping capaolty in excess KW HP
Head Loss 18m
Total Head 13m
Requiret capagity 8w 8 HP
Capaaity to ba Installod K 8 kW HP 8 HP
Gravity achema
Presont pipeling capaclty Al
Roguired capacity 381
Flow In exeoss 348 Ifs
Dlametar of the new plpaline 161 mm 180 mm
Valooity 1.83 mfs 1.72m/s
Slorage
Exlsting storage 176 ki
Tota! required storage A7 kI
Btarage to bo censiructad 872 kl
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TECHNICAL CALCULATIONS - 2
[nstalled capaeity _ kW HF
Fumping capacity fn axaose i) kw HP
Gravity scheme
Prasent pipeline sapactty
Dlameter 126 mm
Aren 0123 m2
Actual velealty 22.16 m/s
Aotual flow 2724\
. Possible flow 3.8 s
Capacity In exoeds Ve %
Storaga
Extating storage 176 Ki
‘Required storage 4704
Glorage in oXcoss K
Woater Treatment

Existinp treatment faciities
Roquirad troatment faclities
Treatment factities n excess

Proposed Scheme
Population in yoar 10 will be 36436 poaplo
Future populotion donsity ' 100 prople/a
Future Total Domestlo Water Detnand 1476 kird
Qther Future Water Domand 18 kifd
Future Schome water demand 1494 kil
Tola! Futuro Watet Domand 1484 kifd
Futuro number of house cannestiona 133
Future number of yard conneetians 1608
Future number of standpipes 48
Fituro mumber o handpomgn ) K
Proasht Walet Saureo Copaclty in [Excode 1181 kird

e e — e g
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Table 6.5 Technical Calculations - Caze study
TECHNICAL CALCULATIONS « 1
Current Situation

Exlsting population 26000 people

Growth Rate ' 8.6%

Project Area 356 ha

People pur househald 8

Current populstion density 70 peaplefha

Pepulation In year 10 will he 35438 pevple .

- Present Total Bomestie Water Demand £30 kird

Present Schame water demand 820 kird

Other Prasent Water Damand 40 kil

Total Present Wetor Demand B7o Kird

Current numbaer of house connactions a0

Current number of yard connactlons 844

Current number of standpipes 96
Current number of handpumps
Pregent Water Source Capaclty 2160 kird
Water Sourse |n axeess tor Domestis demand 1221 kifd B7%
Water Source In axness for Total demand 1181 kird B5%
Pumping seheme

Pranent pipeling capacity '

Diarmater 128 mm

Area 0123 m*2

Actual Velosity 1.77 mis

Antual flow 2.7

Posalble flow 38.9 s

Capaglty i axcess 18.2 Ifs 857 kitd
Prosont pumping rogulremant

Head loss J1.8m

Total hoad f8.8m

Pumnping requirement 17 kW 22 HP
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PROJECT REPORT - 2

Pipaling Diamelor and Matsint 128 mim AG 100 mm HoRE
Prpeliss fengis G600 m 5000 m
hctiupl Flow 21l 84010
Pipeling Capadhy 306V

Pipsiing Capacity i Exsean 1% 1oy

Qpavily Bchini

Pipaiing Plarnetor srd Mobarial

Prpohno Latith

Aetia! Flow

Pipelins Capacty

Pipslme Capatky & Excotn

Sigrags Chiintok Concinly
Exinlig Copaciy 1754 178 4
Roguired Caxatity 41w AT
AN Critsusity Requird R05 K BT2 R
Capaciy (1 Buas ]
itox Yreatmant

Filimlon = Sutface Water Yaox
Filrigion » Grounswsior Na
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Table 6.4 Project Report - Case study
PROJECT REPORT « 1

Desctiplion Gurrant Situaton Praponed Projact
Pogulation 25000 yaaplo [S4Y poople

Growih Aaty a5%

Populaton Danslly 70 poeplofin 100 posplisha

Projuct Horzon 10 yeors

Total Dorveslia Wiloe Detnand bk 1476 ki
Ghame Wlor domund 030 K 1464 kd

iher Water dorsardd 40 ki 1 kd

Tolnl Dérmond o e 1464 Ryd

blumisd of Houe connechon B2 133
Rumbor o Yord ps R4 1800
ottt ol standpipas 35 45

Number of handpunps b fi

hirke - of Wiahar PoIRS § mitwalling distange} 1

Waldr Gt Copagiy 60 kI 304 kiid

Wakor Bourte i Excens for Damectio Bomined 6% 1210

Wottar Bouteo iy Extonn for et Domond 50 1181 ki

Wuler Gowies Davelopment for Bthame Domand

Oamand 39 hikdl S

Wilar Bouras Avadiabiiy 094 Wid
Tamhilon 1) Wl

Wi 1] Wi

Dping ] Kid

Rmer ot Lake % B4 it

TATAL % B M

Wirtar Gouwnce Dovalapment 1or Usars HOT Bérved Ty Bva E2lion

Botand Wit
Horelioleq 0% et

Wals o ki

Tinal 1] MY

Tiregling Othanm

Purnping Resguiraran 1TRW  22Hp VW 20HP
Fumping Inztaliod Gapactty KW Hp W 1P
Pumping Gapacky ih Excead % kw HK
‘Pumgang 10 be Inghtiod 1Tk el QN JeHM
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consultants mentioned some variables which were not used in the caleulation {(e.g. daily peak
factor, UFW, consumers not served by the scheme, and storage requirements), Any assumption
made initially is consistently acoounted for by the model.

This case study highlights the strength of the Decision Support System on the systematic
approach to planning and assurance on ineluding all variables in the caloulation. The advantapes
over manual calcalations are conslstency, calculation speed, ease of use. and acouracy, which
allows the user to quickly generate different project scenarios.

A Declslon Support Syatem For Rural Woter Supply In Mozambique




Chapter 6 o ] Page 74

Consultant calculated the water treatment requirements. The estimates on water treatment
represent almost & third of the total project cost (27%).

The consultant did not consider depre_ciation 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 caloulates the mein pipeline diameter and

assigns that diameter to the full lenpth of the reticulation. This is reasonable for small

suhemes but overestimates pipe requirements for larger systems,

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

6,2.4.2 Conslstency and acouracy

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

gtudy, is that the consultant was expected to carry out a detailed desigh and the respective
oosting, 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 calculdted by the model is 11% bigger than the consultant estimates, This
i8 acceptable for the Jdent{fication 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 ocaleulation methodology,
comprehensiveness, and also works as a checklist. This is reflected on the fact that the
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Table 6.3 Water Costs (cents/kilolitre)

DESCRIPTION |  CONSULTANT MODEL
 Operation and maintenance (O&M) _ 24 -2l
| 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 consuitants ~ainst those
of the model:

6.2.4.1 Caleulation methodology

The consultant made some initia! assumptions whiclt were not reflected In the caloulations, These
are: '

i} All consumers are served by the scheme but only 7 standpipe exist to serve 17 600
peaple. In the consultant report mention is, however, made that certaln proportion of the
population currently collect their water divectly from the river, and thut each stondpipe
should serve 500 people;

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

iii)' The system dnily operating time is stated as 12 hours, but operation and maintenance
ealeulations were based on 24 hours,

A Deciston Support System For Rural Water Supply In Mozambique
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6.2.3 Resulis

The results cbtained by the consultants and the Decision Support System listed below for
coriparison ave divided mto 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 ate on Tables 6.4, 6.5,
6.6, and 6.7,

Table 6.2 - Project Costs (Rands)

DESCRIPTION | CONSULTANT |  MODEL
Water sourcs development 126000 | 50 270
Water treatment warks 615000 |
Pipeline and reticulation _ 1792 000 3188 875
Pumping station ' 231 500 150800
Storage | 679 500 154657
Construction Cost 3504250 | 3 544 600
Office equipment _ o _ 53170
Tools | 3350 35 450
Community participation | | _ - 35450
Project design 54000 | 54000
Project supervision _ | _ 85 000 | 88 600
Training | | 70 890
Contingencies | | 364 660 354 460
Total project s 4011 260 4 448 460
Operstion and maintenance per annum _ 131 457 76400
Depreciation ﬁer anhum | 63 746
Capital cost per azpitn | 13 | 125

A Dedlsion Suppbrt System For Rural Water Supply In Mozambique
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INPUT DATA -4

Corrimwinity Patticipatlon
Provislon Required {¥-yas, N-iio) Y
Lump Sum {Amount, N-an uppllcnhla}

Oftice Equipnont
Provision Raquéred {Y-yas, N-no} Y
Lump Sum {Ameunt, N-Nok applicable)

Tools
Pravislan Roguired {Y-yes, N-no). Y
Lursp Suim (Amount, N-Not appllcubi‘uj

Tralning ’ .
Pravialon Roqulrud {Ym H-na} Y
Lump Sum (Amourt, N-bet npplicablo}

Praject funding

Govammand
% of Tednl eost 14
Lurnp swm

Cihor Agoncies
4 of Totul cost
Lump sum

Grant
5 of Total cast 100
Lumnp em

Soft Leon
% of Total sost 4]

Lump auwm
Intorost rafe (%) [
Porlot of repaymant (vears) 1]

Commeorelal Loan :
% of Totnl cost : : ) n
Lump sum
interast rate (%)

Patiod of regayment (yoats)

Operating Coste {Stalfing)
Stoffng - numbor of man yoars par aphum
Managor
Suparvizor
Attlzan
Clork
|Labourar

=8

o

-0 -}

Staffing - rota (rondte por manyear)
Manager
Suponviasr
Autisan
Chork
Lakouror

88,8,
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Page 71

C_hnpter 6

INPUT DATA - 4

Commnunlty Particlpation
Provialon Required (Y-yes, N-no} Y
Lump 8um {Amount, N-Not applicable)

Offics Equipmont i
Provision Roqulred (Y-yes, Neno} Y
Lump Sum {(Amatint, H-Nut applicobla)

Touls
Prewlslon Roqulred (¥-yes, N-no} b
Lumnp Sum {Amount, N-Net applkablo}

Tralning
Provislan Required {Y-yos, N-ne} h
Lump Sum {Amaunt, N-Net applicaio}

Prajuet funding

Gavammant
% of Total cout 10
Lump sum

Othar Aganales
% ¢f Tolad cost
Lksmp sum

28

Grant
% of Totad cnst 100
Lmp sum

Soft Loan
% of Total coet 0
Lump oum
Intarost rote {76) 0
Petiod of rapayment (yaars} o

Cotmimareln | san : .
b of Total cob q
" Lump sum
Intarest rate (%)
Poricd of rapayment (yonis)

Cporeting Costa (StaMng}
Steifing « numbsr of man yoara por ernum
Managor
Suporviear
" Atlson
Clork
Labotior

oo

NLOoOMNa

Binfing = rete (rands por manyarr
Managor

D
Suptrylace 1200
Antlaan 0
Clork &0
Lobourer 600
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INPUT DATA - 3
Lovols diferance botwotn water aotrcs ond the highest polnt ke pump to {m) 25
Number of hatis of dalty funeiion 12
Snuimn of anorgy {Evaloctricity, D-diesnl, O-other) [}
ety
am"’o's Wotor 16
Groundwater o
Fiato count poer 100 mi
Surfact Waber 8
Oroundwator : [
Eulsting Systom
Fipaline
Dibrristes {mam) 125
Efovatlon {m} 25
Lewgh {m) 1770
Pumping capasity (KW} o
Storage capecily (Ki} 173
Propesad Schamo WIIl Share Exlsting Plpeling’? (¥-Yes, N-Ne) N
Proposod &cherne Wi Share Exlsting Pumping Capactty? (Y«Yes, N-No) N
Medarials « Exlsting schoma
Borohula casing {8-ool, PV}
Pipo {ClCost Iten, HOPE, FVC, AG-Asbastos) AD
Resonvalr {C-conatete, Swtool, P-plnsfls) c
Moteslala - Propased schema
Horehola casing (S«ston), PYE)
Fipo {GMS-Galvanlzed steal, HDPE, PVC, AC-Ashablos) HDPE
Rasorvolr (C-cangrata, S~stodl, P-plastio) c
Boraholo dlamater (4,6,8,10 of 12 inchus)
Housa sopnoction (GMS,PVC,HDRE) HORE
Yord Top (GMS,PVGHDPME) HDRE
Btandplpe {EMS,PVCHDPE) HORE
Gommuniy sontribution
Laaur {¥=yea, N-no) N
Lump Sum {Amount, N-Net npplicabie)
Profoct Doslgn
Provislots Roquired (Y-pas, N-no) N
Lutnp Surn {Amount, N-ot applicakle) 54000
Prajoct Suporvision
Pravielon Required (Y-yos, N-ro} Y
Lump Sum {Amount, N-ot npplicabln)
Contingyonelos
Froviston Rogulrad (Y-yos, N«no) Y

Lump Sure (Ameourt, N-Not apphaablo)
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INPUT DATA -3

Lavols difforonee Botwddn wotar aoureo sl the fighest paim ks pump te {m)
Number of hours of dally functlon '
Bouteo of encegy (Evlestrichly, O-tiasel, O-cther)

Raw watnr quntity

Tushidhy (NTU}
Sunfaco Watar
Qreundwitar

Plolo count par 100 m)
Surlace Witer
Groundwater

Exleting Eyetom
Plpaling

DHamatar (i)
Elovaticn (m}

Longth {m}

Fumplng copachy (M)

Storago copneity KD
Propeacd Sthemae W Sharo Exlsting Fipeliae? {<Yos, NeNo)
Propescd Schome WIIl Share Existing Pumping Gapacky? {YeYas, N-Ne)

HMatorialo » Exlting achame

Borohelo. catlng (9-tlow, PVT)

Plpo {Q1-Gast lwh, HOPE, PYG, AlsAnbocton)
Rozorvoir (C-conertlo, S¢lod], Puplazdie)

Materlola » Proposod auhems

Borehale cosing {Sctedt, FVO)

Pio {GM3-Grivanixod cteol, HOPE, PVE, AG-Agkeston)
Recorvalr {Cconcratn, Swtadl, Paplactic)

Borohele dlamator (4,0,5,10 or 12 Inchon)

Houta conhoctlion {3M3,PVEHDPE)

Yord Tap {OM3, BV HORE)

Etandplpe (M, PVE HEXE)

Community contributlon
Lobay  Yeyou, Mo}
L&amp Sum (Arsount, N-Not applicablo)

Frojoct Bosin
Provisin Rogquired (Ysyos, New)
Lump Sum (Amount, N=Nol opplical#e)

Projoct Supsrvicion
Proviskes Rogulrod (Ysyos, Nuno)
Lump Sum (Armount, N-Not applicablo)

Continganclos
Provislon Rogulrad {Yyos, Nuno}
Lume Sum [Amount, N=Not applicalile)
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INPUT DATA - 2

Netmbor of:

- Bludsnta

Hasphal bods
Workoy

Type of exicting vehomo {G-praviy, P-pumping o HP-ntpamp)
Typo of proposod sshome (G-graviy, Pspumping o HP-hondpump)
Project Morizan

Proyant Woter Seurse « Davaloped

Bateholo )

Dapth (m}

Yiokd {li}

HNumbor of barahylon

Burface

Winlr (moxt abstraction rate 114)

&pring {max abstroction rake i)

Rivor of kaka {max aketraction mbo o}

Eanﬂpuqul: ld (Vo)

vomge Yie

Numbar of huncpimpa

Fulure Walor Sourca for tha achomo o (Petantial « Dovolepod)
Horchol

Baoplh ()

Yicld o}

Numbor of borabalds

Gurfacn

Wobr {mat abstrickion roto |/}

Bk (maxoby  sloh raty Us)

Rivor of Take {mox abstracilon rta oy

Woker sourco for ¢onoumois not sarved by tha sehmo
Avgrage wall yiold (s}

Negmbser of welt

Avaragy barshelo yiold Vo)

Dapth {m)

Rumbar of berehsle
Storgo Raquiromonta (No of days' demand)
Prupovtd Sahemo WL Bhars Existing Stornge? (¥-Yes, NNo)

Poak fastom

Tally
Unaceountad-for water (%)
Prosent

Fulure

Distange from watar tosres to nighoct polet alorg tho piptno {m)
Total dictanco of plpeline
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APPENDIX B - Model Input Datn

INPUT DATA -1

Project Nom
Projest Nutvior i
Previnca (Only firet throe charactors o.g. NAM for Nampula)
Populetion

Popuiation Growth Hotd {3%6)

Projoct orea {Ha)

Averago humber of pectilo por housshold

Protart por copha gonoumplion (Vefd)

Yot Gonnecn

Stondplpa
Handpumip
Studont
Hoopitak bada
Workar

Prasont pereontagn of paoplo aoved by
Hougs gennactkn :
Yord shnnoctian it
Slardiiipo
Handpump
Gihwr

Numbor ef pooplo seevad by o wakar peint (6.4, clandplpe)
Maximum watking diztarco to water pelnt (m)

Nusmbor of:
Stusdonto
Heaulktol bettn
Workom :

.._,_'..__.

Fidure pef cupita consunsption {Vpidy
Houea conndction
Yord Gormection
Btarciplpie
Handpump :
o '

o3 ’ i

Workar i

Futiate percontago of poppla gond bry:
House sonfoeikn

Numbar of pogpla aorved Ly o watsr gt (0.4, standplpe)
Mmmn walking distone lo water polit (m)

A Docision Support Systom For Rucal Water Sapply o Mowmbique ;
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DATABASE - 4
Daprealation Anset 1o fyaars)
Woltr sourcs th
Pipotino 0
Puamplng 10
Stoiago : 30
Projest Lowsilon Coal Factor
Provinea |Fastor
MAP 1 MAPUTO ERR ERR
BAZ 1.2 GAZA
- 1NH 1.25 INHi MBANE
- BOF 1 $OF ALA
MAN 11 MAE ICA
TET 1.28 TETE
ZAM 1.3 ZAMBEZIA
NAM 1.2 NAMPULA
CAB 1.3 GABRD DELGADOD
NIA 1.4 NIABSA
Project Adjustment Factor 1,35

A Declsion Support System For Rural Wator Supply In Muzambigue



Appendices Pape 88
DATABASE - 3

LEVELS OF SERVICE

Unit Cont
ToNE ﬁﬁF’h—uﬁﬁ

Houno conntelion. L T 400

farg ennnoction 1200 m_l 100
Enn’ﬁ’lﬁ — BEQ] . 1485[ 1675
Darey Walnbagh voslfichent

Consrete, QMBS PG HOPE = AG
0.02 0412 D018 8011 0.014
. olghmuan okl ﬁ'm j VOARRARRAR
Raui e | AR

ADDITIONAL COSTE
Offlen Equinmett 15 %

Tonls 1%
Community Partisipation 1%
Tedining %
Projost Doglgn 11 %
Projoct Supa 2.5 %
Contingelicios 10 %
Community conptribution (labour) 0 %
Tralning "%
OPERATION & MAINTENANGE
Wotor nourca

Horshole § % of GAPEX

Wall G % of DAPEX

Sing § % of CAREX

Vil 6 % of CAPEX
Ratkeulatlon 2 % ol DAPEX
Flpaling 1 % of CAPEX
Pursping - sloctichy 5 % of CAPEX
Puraping « dinsel 10 % of QAPEX
Slorage 1 % of BAPEX
Adminlsteatin 10 %6 over oihior C&M oocty

A Dectston Support System For Rural Water Supply In Mozambique
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DATABASE - 2
For Chloulation
[Pumplieg Crnvﬂy
Riametar NA NA
Unlt cost NA NA

RESHRVOIRS
Unk Gt « Rands

N T
(=160 [ Ta6000" |

.Pata for galoulations Regrenslon analysin
Matarial nto : Genereto 33407
Exleting Steal 20
. New Plytie o A0

WATER SOURSE

Wall 2000 Riundt including Handpump
Wolr 10000 RIN

Sptng BOOO Rikd

Barahole

Unk Gord per metor delied

For Onlaul

i — W%hm

E : . 1 0 i

i ]
B 2800 bapn‘s‘“ “Gotting | n
[0 127501 2660 ‘%hemo

12 3000 A — o o
PUMPING
Punipit- ~Niclancy %) _ 78
[Pu‘m'm o & BN ComuLugtion | 4000 TURN

8200 R
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APPENDIX A - Model Dainbase

DATABASE - 1

QME

Fumping  Gravity

Addaadnahad Abpddd HAME
ARERARAAREE  RObiehhbddn

[HOPE

F14]
286
ip4
iE8
118
=280 ]

Ee
=
S

=150 20

A Pumping Gravey |
Dhmdor °f mw Flpnllnu LU LTI T LR Y d L]
cﬂﬂ AU ANEE  RRARAERERAN

Pamplng. Grovity |Fabin mossago Mot Appleatio
nlamuor Df oW Hml”.l..‘l“l l.lll.lll“ NF‘ NA
.Mt Mk dhakiesren | NA NA
i

=

&Y
<!

:é;réi&fﬂLF |
d w#!aLisigtali

Ema T Pumping  GIaviTy
Dlummur 01 nm pim“nu PRAERARAANE  RAAREEARARD
un ma‘ LI LT P T TR ]
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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 oan only be as accurate and reliable as the information entered in the model.

7.2 Recommendations for future work

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

Thie Decision Support System model needs to be expanded to compute water treatment works
requirements arid distribution network with precision, in on'rr to provide aocurate results on large
rural water projects,

A Declstors Support System For Rural Water Supply In Mozambique
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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 it Mozambicque,

7.1 Conclusions

The Lecision Sup~ort System is a tool to be s primarily during the Identification and
Preparation stage of a project; it is & computational model designed to assist those invoived in
the sector, planning and ranking projects, Whilst the calculation methadology does rot need
constant updating, the database has to be verified frequently to produce sound resuits,

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 dutabase ingorporated in the model was construsted from South African prices. A cotrection
 factor fhollity was inserted to adjust the caloulnted costs to the Mozambican conditions, Although
this provedure is simplistic in need of refinement, it gives good results.

Furthermore caleulation methodology does not carry-out network analysis nor estimate the water
treatment work requirements. 1t assigns the diameter of the main pipeline to the full length of the
reticulntlon, and only indicates whether treatment facilities are needed or not. Project cost and
financia! anaiysis of small rural schemes may not be substantially afiected by this approach. Large

& Deolsion Support Systom For Rural Waler Sumﬂy In Mozmuhii]ﬁc
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- Table 6.7 Financial Results - Case study

FINANCIAL RESULTS - 1.
Prolect cost R 4,448,488.13
Operation and Malntenance cost {p.a,) R 76,367.95
Grant ’ R 4,448,458.13
" [soft loan R 0.00
|Gommarolal Lean R 0.00
Bnnudl repayment
Intetest Rate Repayment Pariod

Saft lean 0.0% Yeuts RO00 |

Commercial Loan 0.0% Years R 0.00
Dapradiation = fixed Mstaiments p.a,

Water Souroes R 1,006,233

Plpeline R 42,608.687

Pumping R 16,580.00

Storage R B,155.24
Cost of wator Household p.a. tapita p.a. ki

To ¢aver O&M only R 24.40 R &.10 214¢

O&M plua dapreaiation R 44.80 R 6,80 3826

O&M+depreciations annual repayment R 44.80 R 560 382a
Capital ogst por sapita R 126.5%

3 Dectsion Support Syaﬂein For Rural Waler Supply In Morambigue
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PROJECT COSTS -2
Contihgenclea 10.00% R 384,459.90
Tralning 2.00% R70,891.98
Gompaunity aontribution Lumip Sum R 0,00
Projest location adjustment ' R 0.00
Cast adjustmient R 211,831.24
TOTAL COST R 444845813
GOST SHARING e
Govemment R 444,845.81
~ Other Agencles R 4,003,612.31
Grant R 4,448,458,13
Soft loan, R 0.00
Commerclal foan R 0.00
OPERATION & MAINTENANCE p.a. % of CAPEX
Waiter sourge R 2,513.23
Borghole 5 R 0.00
Spring 5 R 0.00
Woeir 5 R 0.00
Rlver or Lake Intake § R 2,5613.33
Wal + Handpump ] R 0,00
Borehole + Handpump & RO.00
Reticulation 2 R 38,273,850
Pipeline 1 R 12,762.00
Pumping 10 R 7,540.,00
Sterage 1 R 1,646,687
Staffirp R 6,800.00
Adminlstration R 6,842.54
Total p.a, R 76,367.95

A Dealsion Bupport Syabem For Riwea] Waker Supply Tn Mozamblque
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Table 6.6 Project Costs - Case study

PROJECT COSTS -1

‘Water Source Revelopment R 50,266.67
River or Lake Intake i A3 R 50,266,657

Spring kid 0

Welr kitd 0

Borchole for the soheme No 0

Boretole + handpump No 0

Woell + handpump No g

Pipeline
HBPE _ . _
180mm  m 5000 R28504 R 1,275,200.00
Pumping Station )
. HP 29 R 520000 R 150,800.00
Stornge

Concrote ki 672 ‘R270,38 R 154,657.31
House Connection No 133 R1,400,00 R 186,200,00
Yard Connastion No 1606 R1,100,00 R 1,656,600,00
Standplpe No 45 R 1,576.00 R 70,876.00
 Gonstrugtion Cost R 3,544,598.97
Office Equipment 150%  RS563,168,98
Tools 1,00% R 35,446,R9
Community Participation 1.00%  R35446.89
Project Design Lump Sum R §4,000.00
Projact Supervision 250%  RBBE14.87

A Dealsion Supporl System For Rutal Waler Supply In Mozambigue
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DATADASH w2

dBASE A 10
dHASEICS 5153

P2 W78
duAsEazs 2 :
PALEIBN); 150
dBASERCS: TR '

BP0 !
dEASEIGN: 18
dDASERA: 00

g3 6120
dRASE:FSY;
dUASHIGH: 10
AR .80
UBASHICYE 2084
d P Wi
dBASEICRS: {308

B4 32
doASEIC:  BAD
deAsEIES: PV
UBASEIHI  Pumplrgy
dBDASE:S4:  Gravhy
BASE:BRY: 28 :
UBASHICH: 099 [
dEASEIERE:  Duamster of how plpel ;
dEASELHS:  @VLOOKUP sasm.sm Fa¢ :
dBASERIOE: EVLODKUPE1'CALOISGSIAN,SPE10,50$24,011 :
dOASEBIG: -2 Y
dBASEIQ38: a.m
UBASEIRM I

dRASE:HYS! MKIJP(—'IW.SO“?\SFS’I&#G”‘!.- :
dBASE:R6; g\n.ookuﬂqw'tnmﬂ.smmumi !

dBALEY i
HBASEICAT: i
dDASEE4D; HOPE
dBASE:DMD:  Pumping
UBASIIEAD:  Qravity
dBAS At Tebia messnge Not ﬁfplluhla
dBASE4d:  Dinmalor of mvw pipelin _
ddtmsﬂ:gﬂ: ﬂm,o :a:}ﬁsgﬂu.mrnﬂ o
EALL f x
A ?
HiT NA
dpASmda  Unitcont i
dUABZONZ:  @VLOOKUPL*CALOSOSI21SREIB.SCEIT 1} !
dDASELES ﬂwﬂlﬂu P CALCRGS130,$O% I FUEIN T} !
dDABEIGHZ: i
dBAAGHA2:
SRAGELDAN *mn.mm] ]
dRAGEIEAE: AAQ U
dDASEME:  ~Dla, {mmy)
dBAStLME:  AGMS
dBASHIDIG: 100
BASEREAG: 610
1H0; w150
dBASEIE: 112
diASEONT: Y800
dpAsEies:  TH
dBASRIMY 00
dBlugaeT: M
dBASEHUME: <00
dDAYEEA: 509
dDASTME: 00
dpASCLI4D, 4B
dDASEEMD;  WYOD
dBAURTAn M2
ABASHING; 60
Wi 49
RADRLIND: 600
dhAIEESD: 902

X Devtsion 'Suppurl Fvotem For Rura] Water Supply In Mmamhiqu
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APPENDIX G - Formulas On The Model Worksheets

ey

161
HBMBEF‘ID'

PiPES

a'l.'lnulmum yalochy imis)
"Miniratim valoelty {m/s)
‘Fuaragn valocity (mis)
o

Al

*HDPE

!
Ak tlg

"Unit Cout of pipo per matar = Raids
ADla, {imith)
AHDPE
Apin, (i}
APVG ehik

DATADASE -1

A Deofston Supporl System For Rural Water Spply 1 Mezamblgue




Apnemliqcn

Puga 102

APPENDIX G - Formuias On The Model Worksheets

dBASHEE:
HRASE:DH

ulASEIEN
dBASR:RtY:
dpARR:GH 1}

dRASEEG2G:

PIPRS

;.'Iunlmum velnclty smis}
‘Minintun veloeity {mis)
'ﬂmm valoclty {mn)
L)

el
Alpre
P

Unit Goat of plpiv per meter » Rahda
Apln, it}
AHDEE

ADlo, {mm}
APV c)2d

~50
167059

B3

w00
125848

2§

500
633,04
M

280
498,83

g

DATADASE 1
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APPENDIX ¥ - Model Financial Results

FINANCIAL RESULTS - 1
. !;mjﬂﬂf Eﬂﬁf mnﬂm»i»ﬂt.
Operation and Maintenance ¢oat (p.an) R 000 !
Gmnt . i sy drde e e Sl e
{8oft loan MR AT A

Commereial l.oan . R ——

Annua) repayment '
Interost Rate  Repayment Perlod
Soft loan - 0.0% Yoars R 0.00_

Commarclal Loan 0.0% Years R 0.00

Dapreciation ~ fixod Inatalmants o,

Water Sources RO.00 :_
Plpeling ' R0.00 |
Pumping R 0.00
Btorage R 0.00

Cost of water Houschald p.a. caplta p.o. K 1
Ta oover O only anbbakeaiiiar ERRCPRIGEEGZS hrwmvvrviniierins
O&M plus dopt psiatlon devktikiinaiily ERR<PRICEEDA» whvidhwrihiiihiis | l

O8M+depreaiation+ antual ropaymont A#seaksbiarine ERECERIQEIEBGS Hhivhtkbnkikiviiih

Capital cost por coplta HERAR A
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PROJECT COSTS - 2
Contingencies kump Sum R 0.00
Tralning Lump 8um R 0.00
Community contribution Lutnp Sum K 0,00
Projest location adjustment it
Cogt adjustment RO.0D
TOTAL COST NARFR A AR
| GOST SHARING
Governmént WAk el e ok
Othetr Agenc[eg P Ty LR TR TR
Grant b ol gk e i
Soft lodn st ki b
Commoerglal loan Wik bbbk
OPFERATION & MAINTENANCE p.a. % of GAPEX
Watar source RO00
Horehole & R0.00
Spring 6 R 0.00
Wair 5 R 0.00
River or Lake Intaka B R 0.00
Wall + Handpump' ] R 0.00
Borahole *+ Handpump ] B 0.00
Retlewation
Mipeline AR SR A A
Pumplng wich il i
Sterage
Sinfiing R 0.00
Adninistration R 0.00
Total pas. RO.00

A Decision Suppurt System For Rural Water Supply 1n Mozanthique
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APPENDIX E « Model Project Costs
PROJECT COSTS - 1

Watei* Sourca Developmant R 0.00
River or Leke Intake kird 0 R 0,00
Spring . ird 0

Welr elfel 0

Borehole for the s*heme No 0

Borehele *+ handpump No ]

Well + handpump Ny 0

Plpeline

m
Pumping Station 0
Storbgo
k] Wbl i bk ol

Hotiso Gonnection Ne NA Ro.00
Yard Connestisn No NA R 0.00
Standplpe No NA K 0.00
Consinietion Cost R0.00
dfﬂoe Equipment Lurap Sum R0.00
Tools Lump Sum R 0.00
Gommunlty Particlpation Lumg Sum R0
Project Deslgn Lump Sum R 0.00
Projoat Supervislon kump Sum R 0,00

A Deciston Bupport Syotem Tor Rural Waler b"uppl); In Mozambigue
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PROJECT REPORT - &

PFipating Diamaior ard Malansl
Pipetion fdrigth

Aufual Flow

Pipating Gaparily

Plocline Copdaky i Excoon

ravity Seharm

Pipaling Dinmdter and Mutgrinl
Pl Langlh

At Plow!

Pipaling Copanlly

Pipalino dicity In Excatn

Bhstige

ety Sapachy

Requind] Gapacity
Adddiliora] Gapacity Requirod
Crpuclly In Excess

Walar Trantmust
Filiyatian » Burfocd Water
Filtration » Croundwaior
Dmm'ﬁllm-- Tiurfaee Witar
e A

xE = E &

-

ki
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APPENDIX D - Model Project Report

PROJECT REPORT -1
Description Gurrant Siation Proposed Project
Population pociite pacple
Gl Rein oo
Peguilation Danaity FRReCALLOYS e
Proect Horizen yoars
Tottl Qemesti: Watet Demand kid 1]
Balimn Wabar domund L] ke
Other Witlar detnand ki L
Tolal Demand ki ki
Burribssr 8 Houng Gonnoatian EARCCALG GRo» prTT—
Nunbat of Youd lapa ERRALD G Cr e
Numbar of lh.ndpipn ERRSALS: 2 T
Humbar of handpemps. ] .
Number 6 Waber Painty {1 it wolidng distunre) Cr T
Wkt Souten Capacky o K
Wtor Esurcs In Eit-gh for Domentiz Demand Ll Wil
Wiler Satiroe n Excepa fer Toiet Demand Jruann K
‘Wator Seurea Dovalopiddit ot £ehims Damand
Camand Wi XUd
Wottt Seurcan Avalkabity NA
Tershelon ' ] ki
Wit Ll i
Gpting b W
Ravor or Liske 0% wed
TOTAL N Sdat
Waber Saurce Dovelopmeat for Usar HOT Served by the Schetr
Domund Wl
Haahokes % i
Walin o kiid
Tofaf o L
Pumptng dokisre
Puniping Requimini
Pampmy kalalled Cpaghy
Pumyiet Gapaclly in Excoce
PUmping b be Intbalicd

A Dogision Support & slom For Rural Water Supply In Mozamblque
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TECHNICAL CALCULATIONS - 3
Water Source Devalopment for schisme demand kird
Availabliity:
Borgholes 0% Kifel
Welr 0% kifd
Spring ' 0% Rl
Rliver or lake 0% Kird
TOTAL Kiid
Water Source Development for Users not served by the scheme
Demand . : kifd
Boreholas 0% Kird
Walls 0% kird
Tota! 0% kiid
Nuitiber of har ipumps o
Pumplng scheme
Pipaline Requiroment
Presant plpeling capaclty 0 ls
Required capacdty Mk
Flow In exctiss b
Ulameter of the new pipeline Sebiokirkokk g ik NA
Valoclty 1.50 m/a NA
Pumplng requiremant
Existing pumping capacity in excess kw HP
Hﬂad Lozs Wit e Aol ey
Total Head Wi addrh ik
Required capagity it kbbb
Capacity to be [nstalled bbbl | AR
Gravity schema
Prasent pipeline capecity . Ols
Roguired capacity Yekchirhinkiriichs b
F|°w "‘I aXCoss Witk dnk drk ik
Diameter of the new plpaline b NA
Veloalty A h o NA
Storage
Exlsting storage ]
Tatel required storage kI
Starage to be constructed ki

A Decteion Support Sysicm For Rural Water Supply In Mnﬁﬁm]aiqué

. s i
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TECHNICAL CALCULATIONS - 2
Installed capachty kw HP
Pumping capacliy In excess Nk
Gravity scheme
Present pipaline capacity
Dismetar hm
Ares .000C mt2
Actual veloaity Feikikirhirkh ok
Ao‘tuﬂl ﬂow Sl ik e ol debe ek i
Posaible flow D
Capacﬂy iﬂ axcess el ik itk el i
ot |
Existing storape Kk
Rexquired storage K
Storage in exoess kl
Water Treatment
Exlsting treatment faclilties
Requirad treatment facliities
Treatment facliitlas In exoess
Proposed Scheme
Population In year J will be people
Future populetion density Wik 4k
Future Total Domestic Water Damand kifd
Other Future Water Demand Kiid
Future Schame water demand Kkird
Total Future Weter Darmand kird
Future number of house connections sk bk
Future number of yard conneations it
- Future purmber of standpipas it
Numbet of water point as f.{mih walking distange)  kdaidiis
Future numbsr of handpumps Wb A A
Prenent Water Source Gapaelty In Excess Kiid

A Doctston Support System For Rural Wator Supply In Mczambigio
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APPENDIX C - Model Techntical Calenlations
TECHNICAL GALCULATIONS -1
Current Sltuation _
Existing population pecple
Growth Rate 0.0%
Project Area ha
Paaple per housahold o
Current populatioh density ek bckirkd
_Population In year 0 will he peoplo
Presant Total Domestic Water Demand i
Pregant Scheme water demand ird
Other Progsnt Water Demand klifd
Tetal P_rear,nt Watar Demand kit
Curreht number of house conhections ik ok
Gurrent number of yard conhections bl
Current number of standpipes )
Current nurmber of handpumps
Pragent Wetsr Sourge Copaclty kifd
Watar Souree in excass for Domestle demand kird Tk
Water Souroe in excess for Total domand kird whikhikbdbi
Pumping schieme
Prasent plpallne capacity
Dlameter mm
Arca 0000 m*2
Antual Velocly i e
Actual flow Wikk A bob ki
Posslble flow Dlis
capaclty in OHCGSS Helvirin i Aok ok ok ik dok i
Prosent pumping requirement
Head has e i A i ok
Tm' haad ki Ak AR
Pumpinu mqulmmant ik Aok i A SRRk ARk

A Decielon Support System For Ruzal Water Supply [n Mozamblque
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INPUT DATA - 4

Community Paticipetion
Provislon Required (Y-yos,
Lump Sum {Amount, N-Nat nppllcnbln}

Ol Egulpmim
Prrovisions Roqulred (Y-van. New)
Lurap Bum {Amaund, N-Not nppﬂcnhlo}

Toola
Provigion Rotuired {Y-yoz, Noho}
Lur-: Sum (Amount, N-Not opplicablo)

Training
Provlnlnn Roquired (Y»m, N-no)
Lump Sum Amennt, N-Hot applicabie)

- Projoet funding

Givermnant

Othar Agancias
% of Tolal cost
Lusnp G

Gt
% of Tolof cost
Lump sum

Boft Loan
% of Totn} cost
Lump sum
Interest rate (3)
Pariod of topayment {yanrs)

Cammorelal Loan
8% of Totnl cost
Lutip alm
intorest cato (36)
Parlod of rapayrent {yoos)

Opareting Castn {SroMng)
Staling = numbsar of man yaars par abnum
Mariagor

Stoffing « mte fruvds per mansyoar)
Mandgor
Buporvitor
Atlsan
Clhwk
Luboursr

A Dectsion Supporl Syﬁtvm For Rutal Woter Supﬁly In Mozambiyue
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TECHMGAL OALCULATIONS 3
ALGIEI00! 01> 3GHOSNGHONMIas108:0.00
BALGIONE:  GROUN &‘i}mm 00 (RPUT ST IT00 ARG

GALGIRMDG!  Rivar or fake
CALG:E{06: @RO untelmtmmmsuﬂmm.gﬁsasmmonm
€alo:Giod: @muumlupunmm 000,09

CALSIGINT SUMIWS'IM 1]
CALC:BI I %mr soum Dwebpm’ent for Usera not served by the scheme

GALCIG111! +sa$amsa7

CALGIFI1Z: wmmmﬂmﬂﬂ Fi$@$112:=0,0,00)
CALG:G12 ﬁ'@m.semwmm.sm Ly

CALGIF 1 SGS‘!HMJ.WS‘I‘IEIS 19, BIF$a$113=0,0,0}}
IMLO‘.G"S‘: %FF“UTWNZ'I & @JF(

P4 ﬂm‘! M‘Ha
CALDIGI14; »sasmmma
CALG:BI16!  Humber of handpump
CALC:S116: thPUT’M1meUT $CEI08
CALGIEI4E  Pumplng achanie
CALG:B11D:  PRipelli> Rogulrement
GALCRE20: Prasent pipaline capacity
CALC:GAZ%  @IFINPUT; w.mam
CALCIBITH Requlred capusity
CALCIGE:  BROUND$GSINICOMRIPUTISCSI 26%1000,1)
CALGIB1 22 Flow In exceas -
CALCIOIZE:  @IF{$EH2Y n.samwsusm.o]
CALQRIZA: Dlameter of the new pl
GALG:G123:  GROUND{$GH1 221 oomfa’me-mmmmo.smm,n;
CALC: 2 gF{P’ISERR(dBME S OSEY) " NAY dE AS R Y6}

sm
CALQUTR4 QlFNSiWNA",ﬂSiH@ROUND«W!ﬂHM“ﬂﬂM23.'10001*2.2,))
CALG:B126G! Pum Ing requirement
CALCIBATT: Byisting pumping capacity In excass
CALO:GIZT  EIFIINRUTIIRSIADS Y™,
Hi P GR Nnisawm.um.o;

e @ﬂouumelﬂsaﬂm.u.dwe-smwpurm1:1-{amss:$m}“2'ua.sz'sanmmw

GALCQY esnﬂmmﬂm.scsm

CALCIB180: ulred eap

CALIGIN: ARD Nglsnsmnmnmmummsesummm
CALLHIBN:  @ROVND{SGS130'.5404

RALCBIAT: Capaciy to b

caLS:ata: glﬂsas‘lso-saﬂmn.nmwmﬂ
QALCA1S1; @ROUND{$G$131.5404,0

CALGI 34 arn\my::t .ia ,

DALB{96!  Prasenl pipetiae capnity

GALCIG146; mmmwwcﬂgn"v"mm
CALC:OT8: muumsnmmupunmmmwm

G197 1 35
HEE it

CALGIG1S8  @ROUNDHBASEISAIY NPUTISGN21'[suﬂ3’7.'10(#}'-2-'{2'INFUT‘$0$1mnl'ﬂdmr\a}}*mm}

GALCH138: %leﬁﬂmms 1$0865), "N A" dBASEISDSGE

GALCIEI3:

BALCIOIZ:  @ROUN 187450, 137HO00R IH($B$1381

cALg :lg?f‘: g!mls mw””.:mﬂm%‘gf?SMWsmmm:‘Mﬂs%%;mn
CALC: i nrape

CALIBI4Z: uuml rage
DALC:OT42 +INFUT“$¢$14?
GALCIR1AG:  'Total required slorage
CALGIGI4E:  +30SHTINPUTISCS0D

A Decision Support System For Ruzal Waler 8 upply In Mmaml:ique
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TECHNICAL GALCULATIONS » 2

CALOES: F(30550<0,0,@IPISGE24-0,0, $0SENSOLEL)

cu.e_:ans. g}ﬂ?ﬁoﬂuvm%m«wmwm AB-$G8M)

OALD: PRGUMD{. 3404$0$45,0)

GALO:BEE:  Gravity schema

CALD: Present plpsiing copacily

gALC:BEY! Dlamigter

gﬁcmen »mpur.scsm

m%ggg‘ gnouun{“:pur G442 00012544 4}

{ b

cn.e:lggg. gnou?lmmsi*mmmwammdmsmmm-mpur:mmmnmnmunmm*msm

CALOIGR: QROLND({as5o5a588°1000,)

GALGIBE1: Poasbl

cn.c.lgg;_, ME@[?&M&IMGMO&M

. CALCIOS: §654$600,0,$G361-46560)

eAoes @l mmn,n,@mumo.mmsemn

CALCBEl:  Dtompe

GALGIBRE: Existing atarope

CALGIGBE +INPY 147

CALGIBSE  Required morage

CALG:Gea: -Mswmruwcsm

CALCIEGY: Slorage I excese

me _ elmmmmmm

CALCIRTO: Exlwnu Werimant ticilles

QALG:EME  Required ireniment faciMiles

QALG: Trenimiant focliities In excess

GALGIATY  Proporet Sthame

CALCIBTE: Pwuhtlnn In yonr

CALCIDT nscsn

G Q70

gﬁg.gg%: QROUmlelINFU?mﬂMINPUT'Mi1?‘105}*{INPUTMT$I}N

iz ediicmeltig

BALCIGR gnnuunus m oo;qlm’U'r-scswmPuvmukhNPu'r-scWlmmssusnnhtlmmﬂmwscﬁmunpm

o o &rmmscsmﬂuvur $C5119H00}H DONPUTI$5$114,0)

GALDIGHY ¢ mﬂusnéglnPu'nmmuruvmamwmﬂmpummmmmupw SCTES NP TSES16)

CALEBIT Futuus:hemwmrdu

GALO:GOT: ROUND unmwu|nPl.msuswlmu‘r*scmmlMvm.scumupuw:ssumlmu‘nscﬂmunutmwﬂnp
T$e$1e mmmmmmcﬂﬂ.om

GALC:BSS: ‘Tobal Futares Water Pemshd

GALOY +50485+50503

OALO:BS:  Fulure number of hiise connact

CALEIGE: Nntsamnwpu?mmupursemm

CALCIBRA:  Future numbeyr of yard connastio

CALCIQNY.  @ROUNDISGSTON PUT*SmMNPchm.o}

it mw“ﬂ&?&‘%1%$3msmupurwm

CALC!BOG;  Number of water palnt aa E:{min walking digtune

SALCIG9E: gmwnqmpurmmw:mvumcmv

QALSIBEY  Puturs numbat of lnndpump:

CALGIGET: gaouuntsam1mupummnrutscmw

Sﬁ:gi?,”' Present Water Sovrce Capacity In Bxoes

0&!.61'8101' Water Soltron Development for pchemy demand

oALCIGY: $GE00-5G%03<0,0,5Q$09-46409)

GALE: B0 Iahllny:

gﬁg*ﬁggf moun IR($GH101>0.50410NSGH £64100-0,0,04},2)

gﬁgig;&aj Dﬁ aossomPLT scmm@ﬂnm.n: h

SALGE104: mauumx SGH1H>0.$GHTOSA$101 fRIF(SI3 04=0,0,0)),

GALLIGI04 g% TI$O$ET+3600"2411000, 1"m M

QALEIET05: Sp nn

A Dedlston Suppmt Syslem For Rural Water Sﬁpply In Mozamblque
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TECHNICAL CALCULATIONS «1
GALOAD; Curcant Stiustion
CALD:BS: ‘Hulsting posulation
CALSIGE: HNPLUTISESE
GALOIBT: Growth Rate
QALRWGT:  +INPURSCSIIHOO
GALCIaD: Projott Area
CALC:GD: HINPUT:S5513
QALG:E141  People per hiougatiold
CALEIG: HNPUT‘&GSW
CALGIBIY  Girrent populakion danstty
CALGIGIN:  +INPUTSSTSBANPUTISCSIA
- GALGIBIE:  Papulation In vaar
CALGIDIG:  HNPUTISCEIE
CALC:P{l:  wilbe
CALCIGAE) QROUNNH[NPUT.SC%N[INPUTISGSHMDD}"{INFUT.SGSTSHM
CALGIBIT  Pressht Tolal Domest
CALLIGET: ROVNON; UT:ACSN100T{IINPU TS CE PINPUTSCSZaINPUTSCE D INPUTS S E20H{ INPUT: S 420 NPUTIC$30)
) lNPuﬁctﬂ‘lNFuT‘WﬂHHNPWiGM14!1000‘{1+ENFUT‘$C$1151100]:01
gﬁlg?l'sl‘ m@ﬁbuun:dg?(mm. PUT! $¢$5)HUIIHliNPUT‘ScSW‘lNFUTMHNPUT'SGﬂmNPuf‘ml (INPUTGS20MNPUTISC$5T)
L 1 ¥ ¥
— HNPUT:S 114nm1;mpunm 4810050}
CALLIG21: leUN NPUT!SUNMINPU‘I“QGSﬂ‘INPUTSGW(‘NPUTMWINPUT@GW INPUT'W
T $¢$‘1)HNPUT‘SC$11431000'{1+1NPU1“$0$11N100}}.0} M
CALGIA! Present Water Damand
. GALGHG23: +$a 1'Mﬂ$21
GALIB2S:  Curent iumber of houss coninactions
CALC!G25; +INFUWNFUTI$GHE‘INPUT.WN
CALIB2R  Gurrent Humber of yard con
CALCIG2T; QROUND{INPUWGMNFUTmﬂHNPUHGMDG )
CALQ:B2%:  Gurrent atmbar of mla
CALGOZR  EROUNDINPUTECITNPUTCSSON COINPUTACSS40)
CALLIE3:  Cuerent number of hnmlpunl
CALGIBIY  Profeant Water Source
CALG:IGSS: 3ROUND{{{INPU'MOS?B‘INPUT"WNFUT"WINFUPM#%MFUN‘GM!NPUT.WNPWﬁmW'
CALCIDal: \'Mar mm In axcers for Domastic demand
ngg-m ngNﬂtle sassmnsessmm; 2y
m:gg;ll Suuru n exceng tor Total demand
ALY annun'ﬂemsamo.sanmmi ]
oo R ot oty
1B40! fedan/ ne ﬂl’ﬂ
CALL:BA: Dilmalel; e
CALSIGH:  HNPUTS$CS14Z
CALCIBMZ: Alag
ALCIG4: gROWD{{INFuT‘#GSim!DuﬂPR‘aMM}
CALOIBS  Actum) Valockty
CALOIOE:  GROUNLIFGHANNPUTHO126a00Ia42.2)
o %OUAD{SG“NIHPUT.MiWMH
GALCIBAY
CALGIHIS gaounntt-am»smmmmn
QALGIBAG! ag
CALC:R48: MRS $O5B30544)
CALG QRQUNDISGMB*INPU‘FSGHW1W
QALL:B4g! Praaanl p -ApAng retiuirement
GALL:IG4D: @BﬂuNbtclm_ﬂ:st141-|Mwnsﬂmmml*mmmr'urmstmmo:.ﬂ
GALGBEY: Total hend
CALC:GRD; nnmnr.mwsam
CALCIBB I ranultemen
gﬁfﬂﬂ’ GR N§g1ﬂums1nmlmmimum I$SESTRA00))1)
CALCIBAZ) lnslnll
oS oD Sewsaso)
182
CALCIEBY: Pumplng capacky In excess

A. Doclsion. Support Systom For Rural Water Supply In Ms..'.\zambiqm.\.
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INFUT DATA- 3

{NPUTB8:  Tralnlng
INPUT:B{O7: Provlakm Required {-yen, N-o)
[NPUTB{88: Lumip Sum (Amount, N-Nol appllcable)
INPUT:B200:  Project funding
INPUT:B201:  Governinsnt
INPUT:B202; % of Tolal eost
INEUT:P203! fump sum
- INPUT 33204 O'Ihnr Meneles

INPUT: 206 Total coxst
WPYTn20T: - I..urnp aum
NRUTIRR0S!

Grant
INFUT:B210: % of Tota) eoxt
NEU

|¥ga'nazm Pertod of l\“'y}'nm'll {mm

NEUTIR Y mmmatelal Loan

INPUT:B250; ru:: Totni coat

INPUTIB222: h:m:ut rate (%)

INPLFT: B2 Berlod of repayment [

INPUT 228: :ﬁornung Gosta {Staffing )

INPLITIBZG; +fing = nkmbse urmmyem per anhum
INFUTIBZ2T:  Manager

INPUT B2 fsor
INPUT:RZ23! mm

INPUTIRZA0: _

R T —
iB23%  Blafling = TArds POT IMEN-YON

INPUTIBZ34:  Manzger ¢

INPUTIH238:  Supsrvisor

IMPUT:EN8:  Atlsan

WPUTIR2AT  Clmk
iNPUT:208:  Labourer

A Declsion Supporl System For Rural Wa&m.ﬁupply'.l'n Mazambigue
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INPUYT;B08:

INPUTIEES:

INPUT:B1011
INPUTE D&
[NPUT!E103:
INPUTIB104:
INPUTIE408;

INPUT:BA10:
INPUT:B113:
INPUTIE114:
INPUTIBIMT:
INPUT: 118
INPUT:B11:
INPUTIBY21!
INPUT:BI2Z2:
INPUT:B123:
INPUTIBY 26!
INPUTIRY2T:
IMPUTIB130:
(NPUT:B181:
INPUTIRS;
INPUT: B33!
INPUTIRYSE:
INRUT:EA 98!
INPUT:R1ST!
INPUT:B140:
INPUT:B141:
INPUTIDT42;
INPUTIB143:
INPUT:B144;
INPUT:R148;
INPUT:RS4T:
INPUTIET40:
INPLTIETAS;
INPUTIB 162
INPUT:E183:
INPUTIE84;
INPUT:B185:
INPUT:R1ES:
INPUT:D15:

INPUTB17A:
INPUTBR TS

INPUTRES
INPUTIBISS:

INPUT DATA=2

:rw g {min nbsimtltm tale i)

t or lake (e absi‘action ot s}

Whatar sgurce for conaumars ntt served by the scheme
Averagd will ylatd {ia)

Number of

M«m hcrehnia yiaki {lis)

-‘J:L’.“""&'.S&"“"‘% {No of doys’ demand)

& rements {No of doy’ dema

Prap:Eud Scheime Wil Shora Exl:tlnn smragn? {Y-Yez, N-No)
'Pﬂlkl’aews

Dalty
*Unacoauntil-for water (%)
Présant

F
‘Dlsim:e fram waler sourse to filghosl polnt along the pipeling (m)
Total tstanes of Lpeline .
L avals diftorence babwean waber sourca nnd tho hiphast paint to pump to {m)
‘Humbar of wowrs of dakly funclion
'Souree tf ammy {E-alactricily, B-dkensl, O-cthar}
T

sumu‘n

nroundwmr
Plnta count par 160 m

furfoze Watar

(m)
Fumplnn capachty AkWi
Htorege copreity
ropnnd s'::hema Wil 8hars Existing Plpclina? {YY 28, N—No
oyad Scheme Wil Sham Exlsting Pumping Sapacity? {Y-Yu. N-No]
In « Exleting scheme
aoreholn eaning (8-stesi, PVC)
Pipe {Gl&ast iron, HDPE, PVG, ACwAshestoa)
Ressrvolr {C-concrets, s-lleal. P-plnstle)
‘Muferials « Propased schema
Bovehole susing {S-stee!, PVD)
Plpe (OM3-Galvanizad alesl, HDPE, PYS, AC-Ashentoa)
Raseryolr {G-concrete, Sstanl, P-E:ns ;
Boreholy dinmeter {4,680 of 12 [nches,
gﬂ:-l;; en?gﬁuél'gwms P}!c \MPPE)
ard Tap
Standplps {GMS,PVCHDPE}
commurﬂ contribution
Lubour (Y=yos, N-no}
" l.um g: T {Amount, N-Rot applisobic)
Tay
Provision Qaqulmi {Ysyes, Nang!
Lump Sur, n{Amount. N-Not applieable)
Pralzet Supervialon
Provision Required {Ysyas, N-no
Lump St {Amount, N-Not appllenble)
Contingencleq
Prwlslon Required [Yuyds, Nno I’
Lyump Sum {moum. N-Not applicable)
Community Participation
Provigion Fequirsd {¥-yaa, Nen oa:
Lauimp Sum [Amount, N-Not appl nhiv)
Offles Bywipment
Pravision Required {Y-yen, [?
I.uglp Sum {Amsunt, N-Not applivabla)

Provision Requined (Ysyes, Nshir)
Lumip Sum {Amount, N-Not spplicabie)

A Devision Support System.For Reral Water Sﬁpfﬂy Tn Mozambique
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INPUY DATA=1
INPUTIBS: Profest Nums
INPUT;BE: PFrofect Nuribe
INPUTIBT; Province torllv fitat thian chatacters a. 0, NAM for Nempula)
INPUT:ED: ‘Paphistion:
INPUT:BA1:  ‘Population Growih Rate ()
INPUT:B18:  *Project area tHa)
MEUT:A6:  "Average umiber of peopla per housahold
INPFUREMT:  "Prasent per capita conaumption (Upid)
INPUT: R Haisa connection
THPUT:B8: Yard Gonnettion
INPUT:B20 Standpipa
MpUTE: I-Iundpmrm
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