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Technical note

Simplified sewerage: potential applicability in industrialized countries
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Abstract

Simplified sewerage was developed in Brazil in the early 1980s and is the sanitation technology of first choice in high-density peri-
urban areas with a reasonably reliable water supply. Modern design, based on a minimum tractive tension of 1 Pa being achieved at
peak flow, shows that up to 234 households having a peak wastewater flow of 7651d~" can be served by a 100 mm diameter sewer.
In industrialized countries simplified sewerage can be easily adapted to higher design requirements. For example, a 100 mm diameter
sewer can serve up to 56 households having a peak wastewater flow of 4,000 1 d~' and attain a minimum tractive tension of 2.5 Pa at

peak flow. © 2000 Elsevier Science Ltd. All rights reserved.
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1. Introduction

During the 1980s, the years of the international
drinking water supply and sanitation decade, much
emphasis was placed by the international agencies (such
as the World Bank and the UNDP-World Bank Sani-
tation Technology Advisory Group, TAG) on the pro-
motion of on-site sanitation systems, though some
development work was done on settled sewerage (Otis &
Mara, 1985), simplified sewerage (Guimaraes, 1986;
Sinnatamby, 1986) and ‘“alternative” sewer systems
(WPCF, 1986). Few simplified sewerage schemes were
implemented, except in Brazil (see, for example, Rod-
rigues de Melo, 1985; de Andrade Neto, 1985; Azevedo
Netto, 1992) and Pakistan (Sinnatamby, Mara &
McGarry, 1986); yet it is now abundantly clear that
simplified sewerage is generally the sanitation technol-
ogy of first choice in high-density low-income peri-urban
areas (Mara, 1996b).

2. Hydraulic design of simplified sewerage

The hydraulics of simplified sewerage are now well
understood, with the generally preferred design based on
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the concept of minimum tractive tension (Machado
Neto & Tsutiya, 1985; Bakalian, Wright, Otis & Aze-
vedo Netto, 1994; Mara, 1996a), rather than minimum
self-cleansing velocity (Guimaraes, 1986; Sinnatamby,
1986). A simplified design procedure has been developed
(Mara, 1996¢), and Table 1, based on Manning’s equa-
tion with n = 0.013, gives the numbers of households
able to be served by simplified sewers of 100-300 mm
diameter for typical conditions in Brazil (Table 1,
footnote). The procedure is as follows:
1. determine the number of households to be served by
the length of sewer under design;
2. select from Table 1 the sewer diameter (valid only for
the assumptions given in the footnote of Table 1);
3. determine the peak flow (g, 1 s~!) from:

where k; is the peak factor (=1.8 for simplified
sewerage), k, the return factor (=wastewater flow/
water consumption), p the average household size, w
the water consumption, 1 person~! d~! and N is the
number of households (if the peak flow calculated
from Eq. (1) is <2.21s7!, then use in Eq. (2) a value of
2.21s7!, which is the peak flow resulting from a single
WC flush; see Sinnatamby, 1983, 1986);

4. calculate the minimum sewer gradient (Ipmj,, m m™')
from:

Inin = 0.0051847/13 (2)
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Table 1
Number of households served by simplified sewers of 100-300 mm
diameter®

Table 2
Number of industrialized-country households served by simplified
sewers of 100-300 mm diameter

Maximum number of
households served®

Sewer diameter (mm)

Maximum number of
households served®

Sewer diameter (mm)

100 234
150 565
225 1360
300 2536

100 56
150 136
225 328
300 612

#Source: Mara (1996c¢).

® Assumptions: initial proportional depth, 0.6; peak flow factor, 1.8;
return factor, 0.85; water consumption, 100 1 person~' d~!; household
size, 5; minimum tractive tension, 1 Pa; Manning’s n, 0.013; wastewater
density, 1000 kg m—3; g, 9.81 m s~2.

(Eq. (2) is valid for a minimum tractive tension of 1
Pa and the initial flow in the sewer being at a pro-
portional depth of flow (d/D) of 0.6, where d is the
depth of flow in the sewer and D is the sewer diam-
eter) and ensure that the actual sewer gradient is not
less than this.

The above procedure was developed for a fully sat-
urated housing area, i.e., one where any future increase
in wastewater flow is due not to population increase, but
to an increase in water consumption. Setting the initial
proportional depth to 0.6 allows for an increase in water
consumption of 46%, with the final proportional depth
being 0.8. Thus, if w is now 100 1 person~! d~!, the sewer
can cope with an increase in the future to 146 I person™!
d~!, which is more than adequate for both good flow
conditions in the sewer and the control of water-washed
and excreta-related diseases (see Mara & Feachem,
1999).

3. Applicability in industrialized countries

Table 1 was developed for typical conditions in peri-
urban Brazil. In industrialized countries water con-
sumption is >100 1 person~' d~! and a minimum tractive
tension of 1 Pa may not be considered sufficient for se-
cure self-cleansing in foul sewers — for example, Marriott
(1994) recommends that sewers be laid at a minimum
gradient of 1 in D, where D is the sewer diameter in
millimeter; he shows that this is equivalent to a mini-
mum tractive tension of 2.5 Pa at full-bore flow (but also
at half-bore flow since the hydraulic radius is D/4 under
both conditions). Thus, Eq. (2) can be recalculated for a
minimum tractive tension of 2.5 Pa and for d/D = 0.5,
as follows:

Inin = 0.015947/13, (3)
Similarly, the flow is related to the sewer diameter for

these conditions, as follows:

g =1.21 x 107*D"/8, (4)

# Assumptions: initial proportional depth, 0.5; peak flow per house-
hold, 4000 1 d~'; minimum tractive tension, 2.5 Pa; Manning’s n, 0.013;

wastewater density, 1000 kg m~3; g, 9.81 m s~2.

Since g =the peak flow per household multiplied by
the number of households (), and taking the peak flow
per household as 4000 1 d=!' as recommended in British
practice (Water Services Association, 1995), i.e., 0.046
1s7!, N is given by

N =2.63 x 107°D"¥/8, (5)

Thus, an ““industrialized country” version of Table 1
can now be developed (Table 2), which shows how
simplified sewerage could be safely applied in these
countries. There is an inherent allowance for the peak
wastewater flow per household to nearly double to 7800
1 d”!, assuming that the final d/D is permitted to be 0.8.

4. Concluding remarks

1. Simplified sewerage is a low-cost sewerage technology
applicable not only in the high-density peri-urban
tropics, but also in medium and high-density housing
developments in industrialized countries.

2. Sewer diameters smaller than those recommended in
national codes (for example, British practice recom-
mends a minimum sewer diameter of 150 mm; Water
Services Association, 1995) can be safely adopted
provided they are correctly designed. Here it is shown
that a 100 mm diameter sewer laid at a gradient of 1
in 100 can safely drain the wastewater from 56 house-
holds which have a peak wastewater flow of 4000 1
d~!. “Safely” in this context refers to the achievement
at peak flow of a minimum tractive tension of 2.5 Pa.
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