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Preface

Simplified sewerage is an important sanitation option in peri-urban areas of
developing countries, especially as it is often the only technically feasible solution in
these high-density areas. It is a sanitation technology widely known in Latin
America, but it is much less well known in Africa and Asia. It is the purpose of this
Manual to disseminate this technology more widely in the developing world, so that it
can be used in peri-urban sanitation programmes and project to improve the heailth
of poor communities. However, simplified sewerage is not just for peri-urban areas —
it can be successfully and appropriately used in middle-and upper-income areas as
well.

We hope that this Manual serves its purpose of making simplified sewerage better
known thoughout the developing world, and that the PC-based design program
contained herein facilitates the hydraulic design calculations.

Duncan Mara
Andrew Sleigh
Kevin Tayler
December 2000
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Abbreviations

ABES Brazilian Association of Sanitary and Environmental Engineering
BODs Five-day, 20°C Biochemical Oxygen Demand

CAERN Water and Sewerage Company of the State of Rio Grande do Norte
CAESB Water and Sewerage Company of the Federal District

COMPESA Water and Sewerage Company of the State of Pernambuco
SABESP Water and Sewerage Company of the State of S&o Paulo
SANEPAR Water and Sewerage Company of the State of Parana

Principal Notation

Area of flow, m*

Area of flow at d/D = 1, m*

Depth of cover of sewer, m

Depth of flow, m

Sewer diameter, m or mm
Acceleration due to gravity, m/s?
Depth of sewer invert, m

Sewer gradient, m/m

Iin Minimum sewer gradient, m/m

Ka Area of flow proportionality constant
ke Hydraulic radius proportionality constant
ki Peak flow factor

k2 Return factor

I, L Sewerlength, m

Ganguillet-Kutter (or Manning) roughness coefficient
Wetted perimeter, m

Population served

flow, m*/s or I/s

Hydraulic radius, m

Hydraulic radius atd/D =1, m
Ground slope, m/m

Velocity of flow, m/s

Water consumption, I/person d
Weight, N

Pomeroy's factor for H,S generation
Angle of flow, radians

Density of wastewater, kglm3
Tractive tension, N/m? (Pa)

Angle of sewer gradient, radians
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About this Manual

Section 1.1 discusses the need for sanitation in periurban areas, and Section 1.2
introduces the concept of simplified sewerage, especially its development and
dissemination in Brazil. ldeas for promoting simplified sewerage in countries with no
previous experience of the technology are given in Section 1.3.

The theory of simplified sewerage is presented in the Section 2. Section 2.1
discusses the design value to be used for the wastewater flow, in particular the
design values for the peak factor and the return factor. Section 2.2. sets out the
properties of a circular section, and Section 2.3 gives the Gauckler-Manning
equation for the velocity of flow. Section 2.4 presents the hydraulic design based on
minimum tractive tension; as shown in Section 2.5, this leads to the calculation of the
minimum sewer gradient, and the procedure for caiculating the sewer diameter is
given in Section 26 The maximum number of households of a given size and a
given water consumption that can be served by a simplified sewer of given diameter
is discussed in Section 2.7. Section 2.8 and Annex Il detail simplified sewer design
trials using the Gauckler-Manning, Colebrook White and Escritt equations (which are
described in Annex 1)

Section 3 details the planning, management and design aspects of simplified
sewerage. Technical and management options are discussed in Section 3.1, and
sewerage planning in Section 3.2. Design parameters are considered in Section 3.3,
which also details the design of condominial sewers and that of public collector (or
street) sewers.

Section 4 describes the use of the Windows-based computer program developed for
simplified sewer design. This program is contained on the CDROM enclosed with
this Manual. lt is also available as “shareware” on the Internet at the following URL
(which is case sensitive):

http://iwww.efm.leeds.ac. uk/CIVE/Sewerage
The program will run on any of the following Windows-based operating systems:

Windows 95
Windows 98
Windows 2000
Windows NT

but it will not run on Windows 3.1. The hardware requirements are minimal: any PC
capable of running one of the above versions of Windows will run this program,



Finally, Section 5 describes the more practical aspects of simplified sewerage.
Construction details are considered in Section 5.1, and arrangements for operation
and maintenance in Section 5.2. Overall system sustainability is briefly summarised
in Section 5.3.



'.’-1:'51';*-"57-THE:'NEEDFQR:SANI_TATDN Feteathen g

1

Introduction

Low-income communities which do not have adequate sanitation facilities are
exposed to a high risk of infection with excreta-related diseases. Children under the
age of 3 are particularly susceptible to diarrhoeal diseases. Older children and
adults are likely to be infected with intestinal worms, most commonly the human
roundworm (Ascaris lumbricoides) and the human hookworms (Ancylostoma
duodenale and Necator americanus). This disease burden is generally very high in
low-income periurban communities: Figure 1.1 shows that infant mortality in
Bangladesh, for example, is higher in periurban areas than in rural areas; and Figure
1.2 shows that, both infant and adult mortality in urban Brazil is higher in poor areas
than in non-poor areas.

There is an acute need for sanitation in poor periurban areas. Sanitation is the key
infrastructure component which is required to reduce the unacceptably heavy toll of
excreta-related disease. Yet sanitation coverage in urban areas is currently
decreasing (Table 1.1), and urbanization — actually periurbanization — is increasing.
In many (but obviously not all) periurban situations the sanitation technology of first
choice is simplified sewerage. The two principal reasons for this, which are
explained more fully in Section 1.2, are that it can be cheaper than on-site sanitation
systems, and that it is often institutionally easier — that is to say, water and sewerage
authorities accept it more readily than on-site systems simply because it is a
sewerage system and therefore automatically part of their mindset.

Table 1.1 Urban Population (millions) Unserved with Sanitation, 1990 and 1994

Region 1990 1994 % Increase
Africa 71 108 521
LAC 52 94 80.8
Asia Pacific 316 371 17.4
World 453 589 30.0

Source: WHO (1996).
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Figure 1.1 Infant mortality in Bangladesh in 1991. Source: UNICEF
(1993), cited in Black (1994).
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Figure 1.2 Infant and adult mortality in poor and non-poor areas of Porto Alegre in
southern Brazil in 1980. Source: World Bank (1993).
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1.2 SIMPLIFIED SEWERAGE =

Simplified sewerage is an off-site sanitation technology that removes all wastewater
from the household environment. Conceptually it is the same as conventional
sewerage, but with conscious efforts made to eliminate unnecessarily conservative
design features and to match design standards to the local situation.

Various approaches to reduced-cost sewerage have been developed in different
parts of the world, often independently of each other. This Manual draws on the
approach developed in the early 1980s by the CAERN, the Water and Sewerage
Company of the northeastern Brazilian state of Rio Grande do Norte. The aim of
CAERN was to develop a technically feasible and socio-culturally acceptable
solution to the previously intractable problem of sanitation provision in high-density
low-income peri-urban areas (de Andrade Neto, 1985; Guimaraes, 1986; Mara 1996;
de Melo, 1994; Sinnatamby, 1983 and 1986; Sinnatamby ef al., 1986). The
simplified sewerage approach is now widely used through Brazil (Box 1.1).

Key features of the system are as follows:

(a) Layout: in order to reduce costs, CAERN developed simplified sewerage as
an in-block system (Figure 1.3), rather than — as with conventional sewerage
— anin-road system. The key feature of an in-block system is that sewers are
routed in private land, through either back or front yards. This in-block or
back-yard system of simplified sewerage is often termed condominial
sewerage in recognition of the fact that tertiary sewers are located in private
or semi-private space within the boundaries of the "condominium’.

(b) Depth and diameter: simplified sewers are laid at shallow depths, often with
covers of 400 mm or less (see Section 5.1.2). The minimum allowable sewer
diameter is 100 mm, rather than the 150 mm or more that is normally required
for conventional sewerage. The relatively shallow depth allows small access
chambers to be used rather than large expensive manholes (see Section
5.1.5).

In-block systems of the type recommended by CAERN are not possible in all
situations. For instance, there are many places where house construction extends to
both the front and back of the plot, thus preventing a sewer from being routed though
the plot. Even where this is not the case, householders may be reluctant to allow
sewers to be routed through their plots. Other options have been developed in such
situations to allow sewers to be laid at shallow depths. These include /ane sewers
laid in access ways that are too narrow to allow heavy traffic, and pavement sewers
laid underneath pavements (sidewalks) to avoid the heaviest traffic loading (Figure
1.4). Most low-income areas do not have pavements. Where this is the case a
variation in the form of plot /ine sewers may be appropriate. In essence, the principle
is the same as that for the pavement sewer: the sewer is laid at shallow depth close
to the front boundary of plots, which will often also be the building line.
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on'of simplified sewerage‘in Brazil

A o R s

Simplified sewerage ~ generally known as condominial sewerage in Brazil — was developed by
the R&D Division of CAERN, the water and sewerage company of the northeastern State of Rio
Grande do Norte, and its engineering consultant José Carlos de Melo, with technical assistance
being provided by Professor Cicero Onofre de Andrade Neto of the department of Civil
Engineering of the Federal University of Rio Grande do Norte. It was fieldtested in the low-
income areas of Rocas and Santos Reis in Natal, the State capital in the early 1980s. The
CAERN team presented its experience at the biennial Congress of the Brazilian Association of
Sanitary and Environmental Engineering (ABES) held in Balneario Cambaorit, Santa Catarina in
November 1983, and also described the system in the ABES technical journal Engenharia
Sanitaria (de Andrade Neto, 1985; de Melo, 1985).*

CAERN’s development of condominial sewerage in Natal was partially funded by the World Bank
Medium Sized Cities project, which aiso saw the implementation of condominial sewerage in the
city of Petrolina in the state of Pernambuco. In Natal the Brazilian Office of the World
Bank/UNDP Technology Advisory Group (TAG) (project GLO/78/006, later INT/81/047)
evaluated the Rocas and Santos Reis scheme. This led to the production of the Brazilian
national design manual for simplified sewerage (Guimaraes, 1986) and the formation of the
ABES Low-cost Sanitation Committee (1984-1986), which in turn led to the adoption of a
minimum sewer diameter of 100 mm in the revision of the Brazilian national sewerage design
code (ABNT, 1986) (previously it was 150 mm). A further key feature in the development of
simplified sewerage design in Brazil was the realisation by the late Brazilian sanitary engineer
Eugénio Macedo that the sewer gradient should be based on the initial design fiow and the
sewer diameter on the final design flow — an important consideration (incorporated into the 1975
Brazilian national sewerage design code) as in low-income areas the latter may be up to five
times the former.

Simplified sewerage schemes were then implemented by several of the Brazilian state water and
sewerage companies (see Watson, 1995). SANEPAR and SABESP, the water and sewerage
companies of the southern states of Parana and S4o Paulo, introduced front-yard and pavement
sewerage (laying the sewer in the front garden and sidewalk), rather than backyard (in-block)
sewerage as used in the northeast of the country, and they changed the hydraulic design basis
from minimum self-cleansing velocity to minimum tractive tension (Machado Neto and Tsutiya,
1985), a change which was also included in the 1986 Brazilian national sewerage design code.

CAESB, the water and sewerage company of Brasilia and the Federal District, started
implementing simplified sewerage in poor areas in 1991 and now it considers simplified
sewerage as its “standard solution” for rich and poor areas alike (see Figure 1.6). CAESB has
over 1,200 km of condominial sewers in operation — the largest example of simplified sewerage
in the world. Average capital costs are around R$ 40-60 (US$ 22-34) per person (Luduvice,
2000).

Simplified sewerage is now used in many states in Brazil. Many schemes have been successful,
and some have been failures — mainly due to poor construction and/or poor institutional
commitment (see Watson, 1995), and especially due to poor maintenance. Whatever the
successes and failures of individual projects, what can be said is that simplified sewerage has
been successfully adopted into mainstream Brazilian sanitary engineering. The reasons for this
success have been (1) the ease of dissemination of innovative technologies at the biennial ABES
Congresses which are attended by all the state water and sewerage companies, (2) the relatively
small number of leading Brazilian sanitary engineers who have been committed to, and have
been excellent advocates of, the technology, and (3) the keen interest shown in the technology
since its beginning by the World Bank and UNDP which has acted within Brazil to give the
system a seal of international approval.

I3

Dr Gehan Sinnatamby, then a doctoral student from the University of Leeds, England was part of the CAERN R&D team and
this led to dissemination of condominial sewerage outside Brazil, including the production of the UNCHS Design Manual (see
Sinnatamby, 1983 and 1986, Sinnatamby et a/., 1988).




Figure 1.4 illustrates the way in which all these different types of sewer can be used.
This is a theoretical example and it will be unusual for all the possible arrangements
to be used together in the way shown in the figure. The key question to be
answered by the designer and householders in the area to be sewered is which form
(or forms) of condominial sewer will be most suitable for the local situation.
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Figure 1.3 Layouts of in-block simplified (condominial) sewerage for unplanned and
planned periurban housing areas. Source: Sinnatamby (1983).
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Figure 1.4 Alternative routes for simplified sewers.






