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SUMMARY

Rural and small communities, by their very geography and
development, have a number of problems that make the collection and
treatment of wastewater a difficult undertaking. The cost of conventional
gravity collection system in rural and small communities was found to
dwarf the cost of treatment and disposal.

Small Bore Sewers System can provide an economical way to
upgrade existing sanitation facilities to alevel of service comparable to
conventional sewers. Unlike conventional sewers, primary treatment is
provided at each connection and only the settled water is collected.

The objective of this study is to develop a generalized optimization
design model for the proposed Small Bore Sewers System. To develop
such mathematical model, many variables need to be defined and many
constraints have to be written in proper format. The optimization
algorithm is a mixed integer programming package called LINGO
(Language for Interactive General Optimization) and nonlinear
programming package called GINO (General Interactive Optimizer). The
Two optimization algorithms were performed to give the optimum design
(least-cost) for the small bore sewers network, septic tanks, and the least
cost of treatment plant. A software has been developed for the Small Bore
Sewers Network Design called (SBS). SBS has been created to give the
optimum design (least-cost), and draw the Small Bore Sewers Network.
This software is specifically designed for running under WINDOWS. 1t
has been structured and developed by using C ++ as an Object-Oriented
Programming Language(OOP) integrated with Linear Programming
Optimization Language (LINGO), and AUTOCAD software package.
SBS improves productivity by helping an engineer select best possible
design in a short amount of time. The software was designed to be used
by planning engineers who are mot necessarily skilled at mathematical
programming.



The present thesis falls into five chapters as follows:

CHAPTER ONE

Provides an overview of prior attempts at developing optimization
programs for sewerage systems. Section one of this chapter concentrates
on the mathematical programming models to achieve the optimal (least-
cost) design solution for a sewer system. Section two introduces previous
attempts at using Small Bore Sewers System as a low cost sewerage for
rural communities.

CHAPTER TWO

This chapter describes two models. The first is a Mixed Integer
Programming (MIP) Model. This mode! gives the optimum design (least-
cost) for a Small Bore Sewers Network. The second model is a Nonlinear
Programming Model. The model gives the optimum design(least-cost) for
a Septic Tank and Treatment Plant. The two models complete each other
for over all the Small Bore Sewers System economics and design
performance. )

CHAPTER THREE

The aim of this chapter is to present the software, (SBS), created to
give the optimum design (least-cost), and draw the Small Bore Sewers
Network.

CHAPT E
Sums up the whole thing by listing the results of applied example.

CHAPTER FIVE
Is a conclusion and summary of the finding of the thesis. |

i



LIST OF FIGURES

Figure

Fig. (1.1) Schematic Diagram of Small Bore Sewers System.

Fig. (1.2) Typical House Connection to a Septic Tank with One
Compartment.

Fig. (1.3) Typical Septic Tank with Two Compartment,

Fig. (1.4) Typical Combination Cleanout and Air Release Valve Detail.
Fig. (1.5a) Typical Cleanout Detail.

Fig. (1.5a) Typical Cleanout Detail.

Fig. (1.6) Ventilated Cleanout Detail.

Fig. (1.7) Australian Boundry Trap Detail.

Fig. (1.8) Sewerd Aqua-privy Blocks in the Chipanda Area of Matero,
Lusaka, Zambia.

Fig. (2.1) Block Diagram for the Nonlinear (MIP) Lingo Model.

Fig. (2.2) Piecewise Linearization of the Separable Function.

Fig. (2.3) Cost S.T. Volume Relation,

Fig. (2.4) Cost E.A.T. Volume Relation.

Fig. (2.5) Ultimate Minimum Clear Space Required in Septic Tanks.
Fig. (2.6) Flow Attenuation in a hose sewer and Septic Tank.

Fig. (2.7) Surface Area of S.T. and Discharge Rate Relation.

Fig. (3.1) Main Menu Flowchart.

Fig. (3.2) File Menu Flowchart,

Fig. (3.3) System Characteristic Menu Flowchart.

Fig. (3.4) Layout Menu Flowchart,

Fig. (3.5) Network Menu Flowchart.

Page
10
14

15

17
18
19
20
24

41
43
46
46
51
52
54
63
63
64
64
65



Figure Page

Fig. (3.6) Model Menu Flowchart. 65
Fig. (3.7) Report Menu Flowchart. 66
Fig. (3.8) Microsoft Windows. 68
Fig. (3.9) SBS Icon Menu. 68
Fig. (3.10) The SBS Window. 69
Fig. (3.11) New Command Menu. 71
Fig. (3.12) Open Command Menu. 71
Fig. (3.13) Save Command Menu. 72
Fig. (3.14) The Sys. Charac. Dialog Box. 73
Fig. (3.15) The Layout Menu. 74
Fig. (3.16) The Nodes Dialog Box. 74
Fig. (3.17) The Links Dialog Box. 75
Fig. (3.18) The Generate Menu. 76
Fig. (3.19) The Network Massage Box. 77
Fig. (3.20) The Model Massage Box. 77
Fig. (3.21) The Report Menu. 78
Fig. (3.22) The Create Dwg. Massage Box. 78
Fig. (3.23) Layout and Results report of SBS . 79
Fig. (4.1) SBS Network Layout and Design Report. 88




LIST OF TABLES

Table Page
Table (2.1) Tank Storage and Discharge Rate as a Function of Surface 53
Area of the Tank, Outlet Diameter, and Depth of Flow in the Qutlet

Pipe.

Table (4.1) The Solution of the Septic Tank Model. 82
Table (4.2) Gino Solution Report. 82
Table (4.3) Nodes Data. 86

Table (4.4) SBS Design Report. 87

vi




