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ABSTRACT 

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.

Most of the new technologies are developed and designed to deal with health and

environmental concerns. Especially in third world countries, the unplanned urban,

development result in divesting wastewater collecting and treating problems.

In this study, the fundamental of theory of simplified sewer design is discussed by

the help of readily available computer program called; "Pc-based simplified sewer

design" is used to analyze the effect of the sewer diameters and gradients for different

cases. The program aims to speed up the design calculation, provide different design

configurations at a short time interval, and helps those people whose purpose is training

or learning of simplified sewer design .

..
This thesis provides a detailed study of the Simplifying sewerage system.
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LIST OF SYMBOLS 

q Daily peak flow rate (wastewater flow), 1/s

Kı Peak factor

K2 Return factor

P population served by length of sewer under consideration

w Average water consumption, LI capita I day

a Area of flow, m2

p Wetted perimeter, m

r Hydraulic radius, m

b Breadth of flow, m

e Angle of flow, expressed in radians

d Depth of flow, m

D Sewer diameter, m

T Temperature,

I Dimensionless sewer gradient, mim

v Velocity of flow, mis

n Dimensionless Ganguillet-Kutter roughness coefficient

ı: Tractive tension (shear stress), N/m2

W Weight and the volume of the sewer, N

L Length of sewer, m

p Density of wastewater, kg/nr'

g Gravitational acceleration, rn/s2

N Number of houses served.
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1. Introduction

1. INTRODUCTION 

As research into the characteristics of wastewater has become more extensive, and as

the potential health and environmental effects have become more comprehensive, the

body of scientific knowledge has expanded significantly (Metcalf and Eddy, 2003).

Most of the new technologies are developed and designed to deal with health and

environmental concerns. Specially, in third world countries, the unplanned urban

development results in divesting wastewater collecting and treating problems.

In such countries, wastewater is usually directed to near by rivers, or via the pits into the

groundwater. Both of these solutions can be treated as potential health and environment

polluters. The search for pilot solution is generally preferred due to the lack of financial

help.

All these concerns finally motivate the experts to minimize the cost of wastewater

network system. During 1980's, the years of the international drinking water supply and

sanitation decade, much emphasis is placed by the international agencies on the

promotion of on-site sanitation system, though some development work was done on

settled sewerage, (Otis and Mara, 1986) and alternative sewer system (WPCF, 1986).

Among the above, simplified sewerage were only implemented by researchers from

Brazil and Pakistan (Rodriqves de Meio, 1985; de Andrade Neto, 1985; Azevedo Netto,

1992) and (Sinnatamby, Mara and Mcgarry, 1986). The reason is clearly due to the

financial problems in there countries.
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1. Introduction

As it is mentioned in Mara and Guimares, 1999, it is now abundantly clear that

simplified sewerage is generally the sanitation technology of first choice in high-density

low-income urban and semi-urban areas.

Advantages: 

• A small diameter pıpe
sewerage systems.

• Utility maintains main
network.

at shallow depths reduces cost over conventional

sewer pipes only and community maintains local

• High service level, suitable for high density communities.

Disadvantages: 

• Cost remains a problem for low-income communities.
• Reliability of water services is essential.
• Problems of downstream waste management remain for the utility.

Figure 1.1, which shows that, as the population density increases, simplified sewerage
can become cheaper than on-site sanitation systems.
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Figure 1.1 Costs of conventional and simplified (condominial in-block) sewerage, and
on-site sanitation in Natal in northeast Brazil in 1983.
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1. Introduction

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.

In this study, the fundamental theory of simplified sewer design is discussed by the help

of readily available computer program called, "Pc-based simplified sewer design". It is

used to analyze the effect of the sewer diameters and gradients for different cases, and

finally, a case study is carried over to apply the simplified sewerage techniques for peri­

urban Task.ink.oyregion.

..
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2. HYDRAULIC DESIGN OF SIMPLIFIED SEWERAGE

2. HYDRAULIC DESIGN OF SIMPLIFIED SEWERAGE 

2.1 INTRODUCTION 

The fundamental of theory of simplified sewer design is to be discussed in this chapter.

Firstly, the peak daily wastewater flow in the length of sewer being designed is

described which is directly related with the population served by length of sewer under

consideration. Since the usual pipe shapes used for sewer system is circular, the

trigonometric properties of a circular section is investigated and the hydraulic section

characteristics are analyzed. The velocity of flow which in term determines the rate of

flow is defined by Gauckler-Manning equation. The equation is a function of sewer

gradient and hydraulic radius. Tractive tension is explained in detail, and the minimum

sewer gradient based on the design minimum tractive tension is explained in detail. The

procedure for calculating the sewer diameter for determining the maximum number of

houses served by a sewer of given diameter is also discussed. Finally, the results of a

simplified sewer design are presented, with a comparison of designs based on the

Gauckler- Manning, Colebrook-White and Escritt equations. The further investigation

on this chapter can also be obtained from Mara (1996) (Yao, 1974; Machado Neto and

Tsutiya, 1985; de Melo, 1985 and 1994; Bakalian et al., 1994).

..

2.2 WASTEWATER FLOW 

It is necessary to estimate the daily peak flow capacity available in order to be able to

design a suitable sewerage network system. This can be achieved by the use of the

following equation:

q = k1k2pw/86400 (2. ])

Where q = daily peak flow rate, 1/s
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2. HYDRAULIC DESIGN OF SIMPLIFIED SEWERAGE

K, = peak factor

K2 = return factor

p = population served by length of sewer under consideration

w = average water consumption, 1/ capita I day

and 86 400 is the number of seconds in a day. Peak factor, K1 is the ratio between the

daily peak flow and average daily flow. A suitable design value for peak flow for

simplified sewerage is 1.8. Return factor, K2 however, is the ratio between rate of

wastewater flow and water consumption. Usually the ratio is 0.85. In accordance with

the values given for K1 and K, equation (2.1) can be simplified to:

q = 1.8x to' pw (2. 2)

The design values given above for the peak flow factor, Kl and the return factor, K2

(1.8 and 0.85 respectively) have been found to be suitable in Brazil, but they may need

changing to suit conditions elsewhere - especially if stormwater (for example, roof

drainage water) is discharged into the simplified sewer. However, this should not be

permitted to occur as the resulting design for what is in practice partially combined

sewerage system would be based on a much higher value for K1 (perhaps as high as 3 or

4).

••
Variations in the value of K2 have a much lower impact on design, except in middle and

high-income areas where a large proportion of water consumption is used for lawn-

watering and car-washing. Thus, the return factor can take a value of 0.65 or 0.95

depending on the social and cultural environment of the population which is served. it is

clear that as the water consumption increases return factor will decrease.

5



2. HYDRAULIC DESIGN OF SIMPLIFIED SEWERAGE

2.2.1 Minimum daily peak flow 

The simplified sewer design equation 2. 1 or 2.2 is used to calculate the daily peak flow

in the length of sewer under consideration. The design equation however is subject to a

minimum value which is limited by 1 .5 1/s. This minimum flow is not justifiable in

theory but, as it is approximately equal to the peak flow resulting from flushing a WC, it

gives sensible results in practice, and it is the value recommended in the current sewer

design codes (ABNT, 1986; Sinnatamby, 1986). With the use of this minimum value for

the peak daily flow, the values used for K1 and K2 in equation 2. 1 become less

important, especially for short lengths of sewer. For example, for a length of sewer

serving 500 people with a water consumption of 80 litres per person per day and using a

return factor of 0.85, the average daily wastewater flow can be given as following:

q = k2pw/86400

= 0.85 x 500 x 80 I 86400

= 0.41/s

For the minimum peak daily flow of 1 .5 1/s, this is equivalent to a K1 value of (1.5/0.4)

(2. 3)

= 3.75. Thus for condominial sewers serving even quite a large number of people, there

is an inherent allowance for at least some stormwater .

..

2.3 PROPERTIES OF A CIRCULAR SECTION 

The flow in simplified sewers is always following a hydraulic flow, resembling the open

channel flow - that is to say, there is always some free space above the flow of

wastewater in the sewer. The hydraulic design of simplified sewers requires knowledge

of the area of flow and the hydraulic radius. Both these parameters vary with the depth

6



2. HYDRAULIC DESIGN OF SIMPLIFIED SEWERAGE

of flow, as shown in Figure 2.1. From this figure, trigonometric relationships can be

derived for the following parameters:

(1) the area of flow (a), expressed in m2;

(2) the wetted perimeter (p ), m;

(3) the hydraulic radius (r), m; and

(4) the breadth of flow (b), m.

The hydraulic radius is the area of flow divided by the wetted perimeter. The wetted

perimeter is the surface of the pipe which is in contact with wastewater. The breadth of

flow is used for the calculation of the risk of hydrogen sulphide generation.

Parameters 1 - 4 above depend on the following three parameters:

(5) the angle of flow ( B ), expressed in radians; 

(6) the depth of flow (d), m; and

(7) the sewer diameter (D), m.

If the angle of flow is measured in degrees, then it must be converted to radians .

..

7



2. HYDRAULIC DESIGN OF SIMPLIFIED SEWERAGE

D 

d 

p 

b

Figure 2.1 Definition of parameters for open channel flow in a circular sewer,

Mara (1996).

The dimensionless ratio d/D is termed as proportional depth of flow. In simplified

sewerage the usual limits ford/Dare as follows:

d 0.2 < - < 0.8
D

The lower limit ensures that there is sufficient velocity of flow to prevent solids
••

deposition in the initial part of the design period, and the upper limit provides for

sufficient ventilation at the end of the design period. The relationship between the above

parameter, can be defined in terms of each other, as given in the following equations:

(a) Angle of flow:

(2.4)

8



2. HYDRAULIC DESIGN OF SIMPLIFIED SEWERAGE

(b) Area of flow:

(c) Wetted perimeter:

p=BD
2

(d) Hydraulic radius:

(e) Breadth of flow:

b = Dsin(~)

When d = D (that is, when the sewer is flowing just flow), then a= A = 1iD2 ; 
4

D p = P = 1iD and r = R = - .
4

The following equations for a and r are used in designing simplified sewers:

a=k tra

r «kD

..
The coefficients k, and k. are given from equations 2.5 and 2.6 as:

Jr
When a= A and r = R, then ka = - andk, = 0.25.

4
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