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L INTRODUCTION

It has been argued in many reports and publications that conventional urban sewerage
and satisfactory sewage treatment and disposal is excessively expensive. It is often quite
in-appropriate for rapidly expanding urban areas in developing countries with large
communities of low income families and squatters. Yet politicians planners and even
some engineers still stick to the outworn idea that the whole of every urban area should
be centrally sewered.

The cost of conventional urban sewerage with elaborate pumping stations, complete
distribution systems, individual household connections and treatment plants are
estimated at about US 350 per capita. Beyond the urban core the cost can go up to

US 1000 per capita. These cost are too high, not only from a financing point of view but
recovery from beneficiaries is generally far below the level to pay for the operation and
maintenance cost, let alone the investment cost. Therefore governments have tended to
subsidise these schemes(and thereby the higher segment of the population) from the
already scarce national resources at the expense of the lower income portion of the
population.

In the past decades governments’ and donors efforts have been concentrated on the
development of new technological alternatives. Initially most of these efforts
concentrated on the “on site” disposal of excreta. Pour flush (PF) Latrines and Ventilated
Improved Pit(VIP) Latrines have in most cases been the technologies promoted, because
they offer good service, including privacy and only a few odors, at a reasonable cost of
less than US 100 per unit. Furthermore, the realisation, installation and functioning of
these systems does not depend on the municipality or any other organisation.

All over the world people aspire to “the real thing”; waterbome sewerage/sanitation.
Therefore, what has been missing is the promotion of an alternative /intermediate
/non-conventional sewerage systems, which have all the advantages of the conventional
system and which have the same service reliability. Research was committed by the
World Bank and other organisations in the early eighties . A number of reports and
papers were published in the early eighties on intermediate /non-conventional sewerage
systems such as “Shallow Sewerage, Effluent Free, Small Bore Sewerage
Systems(EFS/SBS/SFS) which costs about 20% less than conventional systems. A system
of Simplified Sewerage has been tried in the Orangi Project in Pakistan. This system has
proved to be as reliable as the conventional system but costs 30 % less. The Condominial
Sewerage system has been developed and widely used in low income urban areas in
Brazil: the cost of this system is about 70% less than the cost of a conventional urban
sanitation system.

Although all these above indicated intermediate non-conventional urban sanitation
systems are technically sound the 1993 edition of the WHO/UNICEF Water Supply and
Sanitation Sector Monitoring Report, shows that - after these technologies became more
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known from the early eighties- only 2% of the urban population had access to such a
service. There are a number of reasons for this.

One of the reasons certainly is the lack of a proper Sewerage & Sanitation policy , lack
of sector plans, not only from Central Governments, line Ministries and Implementing
Agencies/Organisations, but also from International Lending Agencies and Donors.

Another reason is the lack of proper institutional development and support during project
development and implementation on which hinges the successful implementation of
these technologies. The organisational system/set-up used for the development of
conventional sewerage systems, in which the central government plays a major role is
not conducive for the development of systems where the local community/beneficiaries
have to play a major role in order to create the required stakeholder ownership. Also the
presently used organisational model may not be the most effective to give way to a
review and/or change of the local sewerage design standards and practices in order to
create new low cost sanitation technologies.

This paper tries to highlight some of the important policy and strategy issues related to
the Sewerage and Sanitation Sector as well as to provide a proposal for organisational
concept/framework for project development..

Chapter II provides some background information for the formulation of adequate
policies based on the existing urbanisation trend, available financial resources for the
water and sanitation sector. Furthermore, some attention is paid to the comparative cost
of various sewerage and sanitation options as well as the relationship between density,
soil conditions/water requirements and technical sanitation alternatives as well as project
selection/identification.

In Chapter HI deals with the technical aspects of some non-conventional urban
sanitation solutions.

Chapter IV focuses on the organisational aspects of proper project development and
selection. Most important is that more focus should be put on the process of project
development. It is argued that more importance should be attached to the (equal)
value/weight of the input given to the input by all participants (including the
beneficiaries) “from the start to the “completion” of the project, than to the project
outcome (mostly measured in physical components). It should be realised that the efforts
to give equal weight of the low-income beneficiaries’ input may well conflict with the
actual democratic human rights position of this segment of the urban population in
developing countries.

Finally some conclusions and recommendations are given in Chapter V.






II SANITATION & SEWERAGE POLICY
1. Urbanisation

Not long ago it was repeatedly stated that developing countries were predominantly rural.
Around 90% of the population was said to be rural, contrasting with “developed “ nations
where people lived predominantly in towns.. Recent decades have seen a gradual but
steady increase in the proportion of developing country populations living in towns. For
example, in Sub Sahara Africa, the number of people living in towns increased from 14
% in 1963 to 22 % in 1980 and upto 27 % in 1987 (J. Pickford; Waterlines, Vol. 9, July
1990). In Zambia already more than half of the population lived in towns by 1987.
According to John Briscoe (Environment NR. 7; Volume 35,number 4 , Mai1993), by
2000 there will be 21 cities in the world with more than 10 million inhabitants, and 17 of
them will be in developing countries. Global urban population will be twice the size of
rural populations. Developing country cities as a whole will grow by 160 % over this
period whereas rural population will grow by only 10 %. According to WHO estimates
approx. 60 % of Latin America was urbanised in 1983. Slums and squatter settlement,
which house the majority of low-cost urban population, represented 30 % of the
population

Like most global statistics, the urban population numbers and ratio’s are by no means
accurate. Definitions of what constitutes an urban area vary. Some definitions are linked
to the number of inhabitants, other countries define towns by the form of local
government, irrespective of population size. In part the increase in urban population in
developing countries is due to rural-urban migration, in part it is due to natural growth.

After a number of years of intensified global effort to improve the water supply and
sanitation coverage over the period 1980-90, only an additional amount of 1,347 million
and 748 million persons were served with water and sanitation facilities respectively. The
most dramatic increase took place for rural water, supply where the number of persons
provided with facilities in 1980 increased by 240% by 1990. The number of rural
inhabitants provided with sanitation facilities in 1980 also increased, though much less
spectacularly by 1990 by 159%. The number of persons provided with facilities in 1980 ,
relative to 1990 were 150% each for water and sanitation. *

However, despite the vast number of people provided with water supply, in most cases in
absolute terms the amount of persons without proper water supply facilities remained
unchanged; the efforts could only just keep up with the population growth in the rural
areas. Only in a few regions increase in coverage could be achieved. For sanitation the
situation just became worse. In absolute terms the coverage amounted only amounted to
72% for urban sanitation and 49 % for rural sanitation by the end of the Decade Carel de
Rooy; Water International 16 ,1991; Source WHO).






2. Required funding of the Water Supply and Sanitation Sector.

The Global funding for the Water Supply and Sanitation Sector was estimated in 1990
among developing countries at $ 10 billion annually. Globally about 65 % of sector
funding came (during the Decade) from national sources. For Africa and the least
developed countries this proportion was only slightly in excess of 25 %, whereas in the
countries of the Middle East , the figure was about 90 %.

One of the major reasons for the slow increase in coverage for water and sanitation
during the Decade, apart from: lack of properly devised sector action plans for
methodical guidance of their activities, lack of women’s involvement and participation,
the lack of promotion and acceptance of cost sharing mechanisms,(at government and
community level), lack of active & systematic management as well as lack of trained
personnel, has been the lack of external funding for low-cost technology projects. During
the Decade low-cost technology projects only received 4% of the estimated total annual
external funding of $3,000 million whilst governments” firm commitment to such
projects increased by a six fold since 1980. Since the end of the Decade little progress
has been made and many of the shortcomings still exist.

Carel de Rooy calculated the capital cost of complete coverage by the year 2000 using
the following costing model ( Water International NR 16,1991.) : US $350 for high cost
technology (urban type sewerage systems with elaborate pumping stations and treatment
plants) , US $ 25 for intermediate technology solutions ( applicable to peri-urban
solutions for on site sanitation, including technologies such as pour-flush and VIP
Latrines) and US 20 for low cost technology solutions (similar technologies as chosen for
intermediate technology). It was furthermore assumed that low-cost technologies would
be applied to the entire rural areas; that 50% of the urban areas would have high cost
technologies and the remaining half of the population would be equally divided into
low-cost (25%) and intermediate technologies.

The outcome of his calculations showed that in order to raise the service coverage from
the 1990 level of 72% for urban sanitation and 49% for rural sanitation to 100% for all
by 2000 an investment of US 210 billion would be required over a period of 10 years.
This would be about 10 times the 3 1/2 times the average annual investment into the
sector during the 1980°s. The calculation showed(, approximate as it is, that 30% of the
total cost can serve 80% of the unserved , if the low cost option is emphasised. However,
estimates indicate that allocation of funds to high-cost and low cost technologies is in the
order of 80% and 20% respectively. Based on the above costing model a shift of US 1
million from the high-cost to the low-cost/intermediate technology category, would
provide coverage to an additional 18,000 needy people (rural and peri-urban) at the cost
of 2000 economically able people(urban areas ). Finally it should be realised that the
majority of the newly constructed high tech urban sanitation systems cannot be financed
from the contributions of the beneficiaries. Government funds (in fact subsidies), ina
number of forms are required to prevent the system from collapse within a short period of

6






time, thereby depleting even more the scarce resources to satisfy the sewerage/sanitation
needs of the low-income portion of the population.

3. Actual disbursements

According to the Water Supply and Sanitation Sector Monitoring Report 1993(data as of
31/12/91) prepared by the WHO, UNICEF and the Water Supply and Sanitation
Collaborative Council, only 2 % of the low income urban residents had access to small
bore sewers. Simple pit latrines still formed the most common method for excreta
disposal for about 1000 million people. About 550 million people had access to through a
house connection to a public sewer. According to the report the bulk of the funding has
been directed to the better off population.

Moreover, Governments appear to give a higher priority to the funding of water supply
than to sanitation Governments provided approximately 50 % of the funding for new
systems in urban high income areas, while they provided only around 30 % of the
funding for sanitary facilities in these areas.

The WHO/UNICEF concludes that gver the years 1990-94 sanitation has almost been
neglected. The number of people deemed to be lacking adequate sanitation rose by 274
million. During the period , the population having access to safe sanitary means of
excreta disposal grew by only 14 million, a growth far lower than that of the population ,
resulting in a reduction of coverage from 36 % in 1990 to only 34 % in 1994. The real set
back occurred in the urban setting where coverage level during the period decreased from
65 % in 1990 to 55 % in 1994. Of the people who gained access to sanitation, 13 million
or 93 % lived in rural areas,

Apart from the preference in spending for water supply over sanitation less money has
been disbursed into the sector. According to UNDP-World Bank Water and Sanitation
1995-96 Report, disbursement dropped from US 15 million in 1992 to US 7 million in
1996; disbursements from UNDP own funds dropped from US 9 million to about US 2
million.

4, Sanitation technologies

- Tecbnical options

Its is clear from the above observations that more attention must be given to the
promotion of low-cost sanitation technologies. In a study carried out by the World Bank
in 1982 a variety of on-site and off-site excreta and sullage disposal systems were
identified. A descriptive comparison of sanitation technologies is presented in Annex L

In general on-site excreta and sullage disposal systems are found to be much less
expensive than off-site systems. However, there are some situations where on site
systems are technically unfeasible. In such situations some form of off-site disposal
system is required. Shallow sewer and similar sewerage systems are usually the most
economic of all off-site disposal systems and are therefore an obvious option. However,
before making a choice consideration should be given to the following conditions:






- Population Density

All on site disposal systems require adequate space within the plot. In most cases this
space will be available in rural and low-density to medium density urban areas. However,
when the density of settlement increases, the required space may not be available. Also
some consideration should be given to possible opposition from the community for
desludging required at some stage during their operation.

Where all forms of pipe networks demonstrate considerable reductions in unit household
cost as the density of settlement increases {more houses are being served by the same
length of pipe), on site systems have a constant unit household cost irrespective of
changes in density settlement. The relationship between density, total annual cost per
household and sanitation option has been illustrated in Figure I below.
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Fig. I: Variation in cost of conventional and shallow sewerage and on site sanitation
with population density in Natal (Northeast Brazil)
Source: G.S. Sinnatamby: “Low cost Sanitation Systems for Urban Peripheral Areas
in Northeast Brazil”; August 1983







At a certain density piped networks become more economical than on site systems. The
point of transition depends on the physical conditions of the settlement (e.g. soil
permeability, topography, etc.). For a certain settlement in Brazil this transition occurred
at a density of 160 persons per hectare as illustrated above. It has even been proved that
in areas with Shallow rock shallow sewers were more cost effective than on-site systems
at population densities as low as 110 persons per hectare.

- Soil conditions

All on site and sullage disposal systems become less cost effective in case the absorption
capacity of the soil is low, or in cases of shallow rock or a high ground water table where
the chance of contamination is high when the water well is close to the latrine solutions.
- Water requirement

Communities with waterborne sewerage normally require more than 75 I/per person per
day compared with less than 20-30 I/per person per day mostly used in may squatter
settlements. (Caimcross/Feacham: “Environmental Health Engineering”, 1991).
Simplified sewerage is designed for a minimum flow of 25 V/ppp/d orl.5 U/s.

5. Project Selection/Identification/
5.1 Project Selection

Project selection appears to be one of the most complicated matters in the whole process
of project/programme development . The factors affecting the prioritisation of
projects/sewerage schemes is long, varies from place to place and over time, depending
on the conditions prevailing when the analysis is being done. Generally the following
common criteria can be considered. However, planners (and others) should feel free to
add depending on the local conditions and circumstances.

- total projected population

- population density

- failure of on-site sanitation systems
- industrial pollution

- cost

- tourist impact

- environmental impact

- affordability/willingness to pay
-economy of scale

- institutional capacity

- health benefits

It has been observed that sometimes project selection is politically influenced too early in
the selection process and does not take place on the bases of a numerical analysis but on
rather subjective arguments without a weighting system. In such cases the selection
rather illustrates a consensus of arguments by strong personalities together forming a
“Project Selection Committee” than the result of a number of objective scoring exercises.
An example of a numerical analysis has been illustrated in Annex IT.
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5.2 Project Identification

Sustainability

Before having identified technically feasible options for sewerage/sanitation which meets
needs of the community, it is necessary to make an objective comparison which results in
the selection of the most cost effective one. The most important considerations before
making a choice is the requirement that the chosen solution should be sustainable; in
other words that :

- it should be “replaceable”, in that the solution/project can be copied in other
communities. This means that the approach is technically suitable, socially acceptable ,
and affordable by the recipient community. If communities cannot repay the cost of the
project ( or a significant portion of it), then it is most probable that municipalities will
not have sufficient funds to start/continue with new projects

- it should also be “maintainable”. Projects cannot be maintained over an extended period
of time, unless the responsible organisation is adequately funded, has sufficient numbers
of well trained and well-motivated staff, and is equipped with appropriate and
well-maintained equipment.

Cost-benefit Analysis

There is no completely satisfactory method for selecting the most cost effective
sanitation system. Generally Economic Cost Benefit Analysis is being used to quantify
the social advantages and disadvantages of each choice in terms of a common monetary
unit. Benefits may be positive or negative (increase in water use for toilet flushing
resulting from the provision of a sewerage system). However, it is impossible to quantify
many of the positive benefits, such as improved health, greater well-being, higher
productivity, etc., resulting from improved sanitation. Each alternative considered could
give different benefits.

Despite its apparent deficiencies, cost-benefit analysis, if applied properly, will still
provide a reasonable objective basis for comparison reflecting the cost trade-off
corresponding to different levels of service. However, it appears that in too many cases
the decision to approve the project proposal has already been made before the outcome
of the Cost-benefit analysis is known. In those cases the underlying assumptions are
adapted to suit a positive outcome of such an analysis.

Shadew pricing

It should be stressed that sufficient attention is paid to “shadow pricing”. Four shadow
factors need to be incorporated in the economic costing of sanitation technologies: e.g.

- the oppartunity cost of capital

- the unskilled labour wage shadow factor

- the foreign exchange shadow factor

- the shadow price of water, land and other resource inputs.

The shadow price of additional water use resulting from improved sanitation should be
calculated at its current production cost and not , as is usual, at its marginal or future rate.
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Incremental Average Cost

Conventional sewerage is capital -intensive, requires large quantities of water for
flushing, with only a small proportion of the beneficiaries being served in the early stages
of its operation. This system therefore has high incremental average costs., This ,
however, is not the case with no-conventional/shallow sewer systems, since they require
no more than 3 litters per flush, make a limited demand on capital and serve a large
proportion of, if not all, the households immediately upon completion of the system.
With regard to the use of water for flushing , shallow sewer systems require no more
water than on site sanitation systems such as pour- flush water seal latrines. In shallow
sewerage the sullage provides the means of flushing.

The average incremental cost is often represented as the total annual cost per household
(TACH) for purposes of comparing the cost of one sanitation option with another since
life span, capital operation and maintenance cost differ from one technology to another.
A summary of TACH for various sanitation technologies has been given in Annex IIL
From this Annex it can be concluded that shallow sewerage is indeed a low cost
sanitation technology. Furthermore, it should be realised that the TACH of shallow
sewerage decreases markedly as the density of settlement increases. The relationship
between density and annual cost per household for conventional sewerage and shallow
sewerage has already been given in Figure I

These data illustrate that the Total Investment Cost for Shallow Sewerage are only about
21 % of those for conventional sewerage while the percentage of low income is ata
density of 160 persons per hectare the TACH of shallow sewer systems was found to be
lower than the cheapest on-site waste disposal system.

Affordability

Economic costing forms provides a basis for selection of the least cost comparisons of
sanitation technologies and thus is extremely useful to planners and policy-makers in
identifying sanitation options. The beneficiary however, is most interested in financial
cost, €.g. how much he will be expected to pay and over what period of time. These
financial cost of a project to the consumer is greatly dictated by governmental policies,
unlike economic costing, where distortions are ironed out by shadow pricing.

Financial appraisal differs fundamentally from economic appraisal. Whereas economic
cost are based on the physical conditions of the community (for example, its abundance
or scarcity of labour, water etc.) and therefore, are quite objective, financial costs are
entirely subject to the interest-rate policy , loan maturity term, central-government
subsidies and the like. The financial cost for a community can even be zero if the central
government has a policy of paying for them out of a general tax fund.

Where investment is staggered and different capacity utilisation rates are likely to be

encountered (as is usually the case with conventional sewerage)), the annual financial
cost per household should be determined using the average incremental method.(See
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“The Design of Shallow Sewer Systems; United Nation Centre for Human Settlements
(Habitat), Nairobi 1986; page 56).

Affordability is being determined by comparing household incomes to the financial cost
of the service. The financial cost per household and their implications for the
affordability of a variety of sanitation options is given in ANNEX IV,

From this table it can be concluded that the cost of providing, installing, operating and
maintaining shallow sewerage systems demands no more than 2 to 6 % of the income of
average low-income households as compared to about 45% for conventional sewerage.
This would indicate that shallow sewerage systems are affordable to these communities
and should not require any subsidies. However, the fact that a certain sanitation option is
affordable to a community does not automatically imply that the community is willing to
pay for the system and this is especially true for low-income families. The community’s
priorities and its perceptions of the need for a certain sanitation technology will, to a
large extend determine the level of acceptance of that technology and its willingness to
pay for it. The fact that shallow sewer systems are waterborne and dispose of both
excreta and sullage makes them especially attractive to low income urban communities
served with some form of piped water distribution system. However, successful shallow
sewerage programs require adequate institutional capacity(medium: as compared to high
for conventional sewerage) and support to implement and administer it. It appears that
this has been one of the main bottlenecks for a dramatic increase in the use of
non-conventional sanitation systems.

What has been argued above not only applies to shallow sewerage but also to a number

of other sanitation options such as Condominium sewerage and to a lesser extend to
Small Bore Sewerage/Solids Free Sewerage.
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ITL. NON CONVENTIONAL URBAN SEWERAGE

1. General

Apart from the lack of policy making, sectoral plans and the allocation of resources to
low-cost urban sewerage, the lack of information on the advantages of such systems over
so called conventional sewerage to the wider public, has been a bottleneck in the further (
increased application of these systems. As early as 1985 various international funding
agencies have initiated publications on design and application of various non
conventional urban sanitation systems such as small bore sewerage, simplified sewerage ,
condominial sewerage. However, it appears that despite effort this information appears
hardly been used for the design and implementation of low cost sanitation systems in
developing countries.

The information below is particularly intended for politicians, planners and project
developers operating in the sewerage and sanitation sector, illustrating the background
for the design of these systems.

One of the most important ways to make sewerage systems more sustainable is to reduce
the cost of its construction. Lower construction and investment cost can be translated in
more optimal use of the system at an early date, better tariff returns and lower cost to the
beneficiaries.

In most cases sewerage treatment alternatives are often considered as a way to reduce
total wastewater facility costs, but alternatives to conventional gravity sewers are rarely
evaluated, although the collection system can represent 65-90 % of the total construction
costs of collection and treatment (Ducan Mara: Low cost Sewerage; 1996)

2. Codes of Practice/Laws/Bye laws

National and local codes of practice and local laws and bye laws govern most of the
works of sanitary engineers.. Such laws and regulations have been created to promote
high standards of health and ensure that the designed facilities are capable and able to
carry out the duties for which they are designed. However, many of the codes of practices
and laws/bye laws in developing countries were imported from countries with different
needs and circumstances. The major point of difference affected by these codes and laws
are: sanitary fittings, water consumption level on the one hand and , minimum pipe sizes
and pipe slope, the location and depth of collector sewers on the other.

Sanitary fittings

It should be realised that the on-plot component of a sewerage scheme, including the
sanitary fittings, can account up to 50 % of the construction cost. This fact has often been
ignored by project planners and development in the initial stages of the project definition
leading to poor connection rate and tariff return.

Current standards for sanitary fittings are often inappropriate for local conditions
resulting in excessive water use and high cost of these fittings.
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If the amount of water consumption can be minimised, the size of sewer pipes can be
also be minimised and capital investment can be reduced subsequently. However, one of
the main reasons for the construction of a sewerage scheme is the extended use of water
to dispose of the additional use of water by extra installed water-using fittings. Many of
the available fittings were not designed with regard for the minimal use of water. The
installation of low-flush toilets, water saving taps, pressure reducing valves, etc. can
reduce water use. However, the major savings in water use is most likely to be achieved
from changing the attitudes of the community on the importance of saving water. The use
of financial penalties for excessive use or charging an economic tariff can be used to
reduce water use.

Flushing tanks with a volume in excess of 20 liters can be found resulting in about 40 of
total domestic water use (Kalbermatten 1982). Flush volumes of 3 litters have been
satisfactorily used in Botswana and Leshoto, while flush volumes of 4-5 litters have been
widely recommended.

It is important that sewerage laws and bye laws facilitate and promote the local
manufacture of pipes materials(vitrified fired clay, concrete pipes). Provided that locally
made concrete pipes are properly manufactured and cured their use is recommended,
since the manufacturing skill required to make them are low, the capital investment is
small and the manufacturing plant can be small and portable. A disadvantage is that
concrete sewer pipes require a fixed cement-motar joint which will fracture at any
movement of the pipe resulting in entering of tree roots, silt and ground water.

Pipe size/gradient.

Except for drains from WC’s Branch drains are designed to facilitate the drainage of
peakflow from all appliances without siphoning out of liquid contained in the water seal.
They are generally designed to carry the peakflow at 50 % half full.

House and the remaining part of the collection system are designed to carry gross solids.
Furthermore, maintenance requirements play an important role. Minimum pipe size is
based on experience and not on theory. Generally 75-100 mm and 100-150 mm pipes are
described for house sewers and the upper part of the collection system respectively.
Lower down the pipe size will be determined by the volume of sewage and the hydraulic
capacity of the pipe. :

The cost of a sewerage collection system is heavily influenced by the sewer diameter.
World bank calculations indicate that by reducing the (minimum) diameter from 200 mm
to 150 mm, the cost of branch sewers, which constituted 12 % of the total costs, was
reduced by 43 % (Wright/ Bakalian; Infrastructure Notes July 1990).

After determination of the pipe size the gradient is selected to ensure a “self cleansing
velocity” (about 0.75 m/s). The British Standards specify gradients of 1:40 to 1:80 for
house drains and 1:150 for collector sewers
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Manholes.

One of the key factors that influence the cost of a sewerage collection system is the cost
for manholes. In one World Bank project, manholes accounted for 23.4 % of the total
costs; by reducing the average sewer depth from 2.5 m to 1.5 m, the cost of manholes
was reduced by 73 %( Wright/ Bakalian; Infrastructure Notes, July 1990).

3. Non conventional low cost sewerage collection systems

In literature over the past 15 years in principle 3 types of non conventional low cost
urban sewerage are identified, e.g. :

- Small Bore Sewerage or Solids Free Sewerage
- Simplified Sewerage
- Condominium Sewerage

However, Duncan Mara prefers in his publication “Low cost Sewerage” published by
John Wiley & Sons, 1996 the following terminology :

- Settled Sewerage, to describe the system in which wastewater from one or more
households is discharged into a single -compartment septic tank ( solids interceptor tank)
, the settled (or solids free ) effluent from which is discharged into shallow, small bore
gravity sewers.

- Simplified Sewerage, to describe shallow sewerage and in its block variant sometimes
called backyard or condominium sewerage. This system does not convey pre-settled
sewage, but is comparable with conventional sewerage without its conventional (over
cautious) design requirements, which have been in force for over a century.

In this chapter this newer terminology will be used.
3.1 Small bore sewerage/Solids free sewerage

Technical Features

Small Bore Sewerage(SBS) also known as Solids Free Sewerage (SFS) is a hybrid
between a septic tank and a conventional sewerage. Its distinctive feature is a solids
interceptor tank located on the plot between the house sewer and the rest of the sewerage
system,. Typically, there is only one such interceptor tank for each house sewer. This one
chamber tank retains the solids in the incoming sewerage and attenuates variations in the
incoming flow. It furthermore replaces the grease trap; also primary treatment takes place
in the interceptor tank. The cost savings from this system are primary derived from
reduced water requirements, reduced excavation costs (pipes can be placed below
hydraulic gradient) lower material costs for smaller pipe sizes and simpler/smaller pumps
and lower treatment costs (because anaerobic treatment ponds are not needed at the
treatment works).
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Minimum diameters of 100mm (4 inches) are commonly used downstream of the
interceptor tanks; in some places pipe diameters of even 50 mm have been used
satisfactorily. Cost savings of up to 30 % have been reported from the use of this system
while applying conservative design criteria.. Additional cost savings can be achieved at
the treatment plant where the absence of solids in the sewerage renders the use of
primary treatment plant obsolete.

Importance of solids removal

The sewerage downstream of the tank is free of solids. Therefore, there is no need to
adhere to conventional sewer design practices like self cleansing velocities and sewer
slopes can be flatter, leading to shallower depth and savings in excavation. According to
M. Wright/A E. Bakalian (Infrastructure Notes ; Water and Sanitation, July 1990) a 50 %
reduction in the minimum velocity results in a 75 % reduction in the slope; the minimum
diameters can also be reduced because the risk of solids deposits is negligible and
therefore there is no need to maintain a minimum diameter to facilitate dislodgement of
solids from the sewer. For the same reason, manholes are not that important anymore and
can now be spaced at much wider intervals. In many cases they can be replaced by simple
clean-outs. ‘ '
The attenuation of flow via the interceptor tank can result in a reduction in the peak flow
factor by as much as 60 % or more (reductions from 11 V/hour to 4 I/hour have been
reported). This allows for a further significant reduction in sewer diameters.

Operation and maintenance

Operation and maintenance requirements consists mainly of answering service calls and
making new connections as well as inspections and pumping out of solids of the
interceptor tanks. Periodic inspection and cleaning by hydraulic flushing has been
recommended for the collector main. However, in the United States this has not been
deemed necessary by most Utility Companies. Minimum pipe diameters of 50 and 100
mm have been used successfully in experimental schemes in Mt. Andrew/Alabama (R.
Otis/D. Mara; TAG 14; UNDP).

According to findings by Wright/Bakalian(July 1990) many large systems in Australia
have been in operation for over 30 years without any flushing of the collector mains. _
Nevertheless, for long flat sewer sections, with peak flows less than .015 m/s, regular
flushing is still recommended. Also, pumping stations should be inspected on a daily or
weekly basis preferably. Utility Companies normally use a truck-mounted centrifugal
suction pump for the maintenance of the SBS/SFS systems.

An advantage is that SBS systems are not dependent on a good and reliable water supply
system to function properly

The most frequent encountered problems are odours and blockages within the building
sewers up-streams of the interceptor tank (on the plot). The causes of these blockages are
similar to those experienced by users of conventional sewerage system; they are the
responsibility of the home owner. Most Utility Companies are willing to assist in
cleaning them up.
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Application

SBS/SFS systems were first used in Australia and Zambia in the 1960’s. The system was
then infroduced in the United States in the mid 1970°s. More than 160 systems have been
installed in 34 States. SFS has also been used in a number of Latin American countries
including Brazil, Columbia and Argentina. SBS/SFS systems have been included in
World Bank supported development projects in Columbia (Cartagena), India (Tamil
Nandu Project), Bangladesh, the Philippines and Indonesia.

3.2 Simplified Sewerage

Technical features

Project areas are defined as individual drainage basins. Each basin may have its own
collector/s and treatment facility. As soon as additional funds become available, the
individual drainage basins may be connected by a common interceptor sewer to a
regional treatment plant. The sewers care usually constructed in already developed areas,
in order to minimise the depth of excavation and restoration of pavement cost. They are
mostly installed under the sidewalks. To save pipe and excavation cost the sewers are
extended only to the last connection rather than to the end of the block. the design is
based on the saturation population for a particular drainage area instead of on a design
period based on population growth. In condominium sewerage individual households are
responsible for maintenance of the feeder sewers; the formal agency only tends to the
trunk mains. The saturation population is based on 5 persons per dwelling unit. In case
the saturation population method for calculating the system cannot be used a design
period of generally 20 years is being used. This relatively short period minimises the
problems related with the difficulty in predicting population growth and water
consumption as well as the high cost of operating/maintaining large under-utilised
Sewers.

Design flows are based on water consumption (meter readings) and assumed population
saturation. In case no data on actual water consumption is available, a minimum flow of
1.5 V/s in each section is recommended. Pipe gradients are calculated on the basis of

“ tractive tension” principles. Pipes are kept filled between 20-75 % of the sewer
diameter.

In Brazil 100 mm diameter laterals or branch sewers are being used inn residential areas
to a maximum length of 400 m. These pipes are in most cases located under the unpaved .
streets of per-urban areas

Because of lack of traffic pressure sewer depths are approximately 0.65 m below the
sidewalks, about 0.95 -1.50 m below residential streets depending on the location of the
pipe in relation to the centre line of the street and the amount of traffic. For heavily
travelled streets a depth of 2.5 m is being used.

In case buildings are too low to make a gravity sewer connection the property owner
should try to connect to the sewer on the other/lower side of the block, provided
easement can be obtained.
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Manbholes

One of the biggest savings of the simplified sewerage system is obtained via the
replacement of expensive manholes (which can account in conventional sewerage for 25
% of the cost of the system) by “simplified” manholes, clean-outs, or small buried boxes.
It has been observed in Brazil that conventional manholes are often not used and
therefore unnecessarily expensive. The simplified manholes are 0.6-0.9 m instead of 1.5
m in diameter for conventional manholes. Due to the shallower depth of the system
manholes can be less deep and are only constructed at major junctions. At direction
changes or slope changes simple boxes are constructed. Inspection boxes are constructed
under the walkway so that a jetting hose can enter the system under a 45 degree angle for
cleaning purposes. These simplified constructions account for about 25 % of a sewer

system.

Cost

In Brazil (Sao Paulo), where the first simplified sewerage projects were executed, a
reduction in cost of 30 % has been realised. However, after a number of years authorities
calculated the reduction close to 40 %. In Brazil cost savings generally range from 20-50
% . In the city of Sao Paulo cost savings over conventional sewerage of 35 % have been
reported by the state water and sewerage company (SABESP). SABESP estimates the
cost for simplified sewerage at US 80-150 per capita as compared o conventional
sewerage (excluding treatment and house connection cost) at US 150-300 (1988 dollars)
per capita.

(Duncan Mara; Low cost sewerage;, Wiley & Sons, 1996)

Application/Operation and Maintenance

Since the first implementation of simplified sewerage in the state of Sao Paulo and
Parana no significant problems have been reported. The system has also been constructed
in Bolivia, Colombia and Cuba.

In Sao Paulo only 75 obstructions per 1000 km of sewer each month has been reported.
This underscores the opinion that the construction of expensive manholes as required for
the conventional sewerage system should be limited. It may be more economical to add a
few manholes arising based on the need for it arising from frequent required clearing of
obstructions in a certain location.

Detailed design information on the above described sewerage/sanitation systems can
be found in References Nrs.. 8,9,13,16 and 19
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IV PROJECT DEVELOPMENT
1. The Project Cycle

Projects and programs are an important mechanism for the development of the Water &
Sanitation Sector. Whilst there has been an increasing emphasis on the establishment of
the right policy framework for the utilisation of the scarce financial and human resources
at the same time protecting the environment as much as possible, the practical actions to
implement these policies are generally undertaken through project or programs. These
projects/programs should consists of sets of activities which require the investment of
financial and human resources over a period of time to create physical or institutional
assets, assuming that these will yield benefits in the future.

Many people still think of projects as activities undertaken specifically in co-operation
with multilateral and bilateral funding/assistance agencies. These agencies have been
very prominent in developing project methodologies.

A project is often described as passing trough a number of stages which form a cycle.
One of the eatly models of a project cycle was developed by Baum. In this cycle the
project moves throng the following stages:

- identification

- formulation

- appraisal

- implementation and
~- evaluation

It is the idea that evaluation of the project and its development leads to the identification
of new ideas, which can be worked out in a new cycle. Later on many variations of this
cycle have been developed, in varying degree of complexity and highlighting different
features. The strength of this model it simplicity. However, the disadvantage is that it
perceives projects from the perspective of development agencies and financiers point of
view, who are still mainly concerned with the actual project phase, because that is the
phase their involvement is greatest. Projects viewed from the perspective of beneficiaries
do not form a cycle; activities start with the project phase and continue over some period .
when the project assets are in use to yield benefits and services.

The disadvantages of this simple model is that the project is at the centre of focus. As a

result;

- it does not account for the interaction between the various phases

- it does not illustrate how sector goals/objectives, purposes, outputs and activities are
meeting the needs of the beneficiaries and how this is going to be achieved

- it does not indicate the roles of the various stake holders

- there is a low priority for monitoring; generally only the implementation phase is
monitored
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- finally, little emphasis is placed on the management/organisational requirements to
achieve the project objectives.

2. The logical Framework

Projects and the project cycle have been a feature of project development for some
period of time, but some new and important new project approaches have become more
widely used in recent years.

The logical framework increasingly applied to assist in the planning of all types of
projects, although to a lesser extend for sewerage and sanitation projects.

The most common format of the logical framework consists of a four-by-four matrix (See
picture below).

Its most important feature is that the four horizontal rows link the activities of the
project( bottom row) , to the project outputs, which are the facilities or assets to be
created by the project. The use of the project outputs contribute to the purposes of the
project which in tum, contribute to the wider objectives or sector goals (top row). By
focusing more on these relationships, the logical framework assists stakeholders to think
through the linkages between projects and polices of the sector. Furthermore, it achieves
that a particular project fits more rationally within a policy framework.

The four vertical columns link the activities, outputs and purposes of the project to the
monitoring indicators which can be used to monitor its achievements. Going through the
motion of making a logical framework is a good exercise for planners and managers alike
and may lead to changes in project design and different management approaches for the
solution of particular problems.

Logical Framework

Project Summary Objectively Means of Risks and
verifiable verification assumptions

Sectoral goals

Purposes

Outputs

Activities

Although the logical framework is often thought of as a tool which is particularly useful

for development agencies, the logic is independent of the method of financing of a

project ands its application is valuable at all levels and for all types of projects.

The disadvantages of this system are:

- the idea of constant improvement of projects through constant project evaluation and
adjustment of ideas and results for the start of a new project cycle has been lost

- the roles of the various stakeholders has not been clearly identified; the value of the
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input of the beneficiaries can easily been ignored
- little attention has been paid to the management/organisational requirement to execute
and implement a logical framework exercise

3. Project Cycle Management/Project Development Cycle

The concept of project cycle has led to ideas of project -cycle management. This covers
the whole range of approaches and methodologies for planning and managing a project,
from its identification, through the stages of planning, appraisal and implementation, to
its operation to yield benefits, and beyond.

3.1 Development Cycle

In the beginning project management was taken to refer to managing the stage of project
implementation. Particularly in the building and construction industry, the stage of
project implementation or construction is a very major undertaking, and its management
needs to be correspondingly complex. In developed countries large infrastructure projects
in the Water and Sanitation sector, were centrally planned and implemented. Project
success then tended to depend to a large extend on careful and detailed planning,
accurate construction of facilities according to the plans, and strict accounting for large
amounts of public money, developing appropriate financing strategies, and devising
suitable institutions for operation and maintenance. However, the success of water and
sanitation projects in developing countries -more than in developed countries- depend for
their success on a “process” of dialogue and partnership between all stakeholders
throughout the period of project planning, development and implementation. Also the
project cycle should allow for changes in plan and may also need to accommodate pilot
and experimental phases. Below a full description has been given for a model of project
development which includes, functional models, pilot solutions, etc..

The total program development is divided into 4 main phases; e.g.
- market an needs research

- program production

- rational production/quality control

- use

During these phases 6 main steps or decisions should be taken e.g.
- objectives

- program of requirements

- design

- production implementation

- distribution/allocation

- service/maintenance

Although stakeholders/beneficiaries are represented and participate at all decisions it is
still unsure whether the decisions taken can/will be acceptable and can/will be affordable
to the beneficiaries. Therefore before finally deciding on the design, the actual product
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and the allocation/use a functional model, a pilot project/series and a experimental
allocation/use respectively is being executed and tested. Based on the evaluation of these
tests design, production and allocation is being modified respectively. A technical
secretariat directs the development, directs and assigns studies for discussion, controls
organisational costs, etc. aiming to achieve an optimal quality through teamwork,
standardisation and rationalisation. The above described model has been illustrated in
Figure II below:

Project Development Cycle

o
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3.2 Organisstional Structure

This model has been successfully tested for the development and implementation of
physical infrastructure projects in The Netherlands as well as in Developing Countries, It
was developed in the Netherlands initially to serve the development of a number of
low-cost housing projects from 1968 to 1974. At the same time it was successfully
applied for the development of a number of low-income housing schemes in Argentine,
Colombia, Thailand, India and Indonesia. For the development of the housing schemes a
number of working groups were established, each taking care of different aspects of
project development such as:






- project identification & planning
- design aspects

- construction aspects

- costing & implementation

- economical aspects, operation & maintenance

A number of 5 multidisciplinary working groups were created. All stakeholders were
represented in each working group, though not in equal numbers, e.g. all “planners™ were
attending the meetings of the first working group and only one representative of them
could attend the other working group meetings (not necessarily the same representative).
Each working group was chaired by the chairman of a municipal council. The central
governme