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SYNOPSIS

In the planning of water resources systems it is becoming increasingly
important to consider the quali.y of the water in addition to the
quantity, particularly in the more densely populated regions. The
Pretoria-Witwatersrar.'-Vereeniging complex lends itself to the use of
systems analysis cechniques for the optimal planning of water and
wastewater facilities on a regional basis and such ar approach will
certainly have to be employed in order to keep pace with the growth ol
the region. To include quality (in terms of the biochemical oxypren
demand, BOD) as a decision variable in the analysis, consideration should
be given to the optimisation of the siting and sizing of wastewalter
treatment plants and to the =imulation c¢f the organic self-purification

process in the recciving waters.

In this stvay both of these aspects are investipgated, A computer model
for the design of an activated sludpe sewape treatment plant |is
developed, but, following further investigations, it is found that for
South .Alrican design criteria the BOD cof the aewage effluent is not a
decision variable in the design proceas and can therefore be omitted from

the regional planning picture.

An hourly 30D-dissolved oxygen simulation model using the modified
Streeter-Phelps equation is developed for a simple stream system, The
mouel solves the pari.al cifferential equations by means of a two-step
tinite diTfeorenc: technique which overcomes certain aifficulties inherent
ir the standard finite difference method, Calibration of the model {is
wadertaken with Cield quality data obtained in an intensive sampling
survey and verification is attempted using data from a separate survey;
a new methed of calibration usming linear programming techniques to
rinimise the errors between obzerved aid simulated values is teated, In
spite of a somewhat inadequate database, the results are rexzsonably good

anc encouraging for further work in this field.
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CHAPTER 1
INTRODUCTION

Background

The scarcity of South Africa’s water Tresources is WQII
appreciated, if not so much by the layman then at least by
planners. With the development of a nore industrial iced society
and a relatively high population growth the problem of fresh
water supplies into the twenty-first century presents a
formidable challenge to the engineers and d[dision makers

involved.

The Pretoria-Witwatersrand-Vereeniging (PWV) Complex

The PWV complex, by r#*r the largest of the industrial growth
points in  South Africa, has a current water consumption
averaging 1 700 megalitres per day, and is Increasing at a rate
of six percent per year (Stephenson, 197Pa). The Witwatersrand
region stretches along a ridge running in an east-west direction
which is the source of a number of streams flowing both to the
north towards the Limpopo River and tr. the south towards the
Vaal River. Since the Rand Water Boarl, which supplies the PWV
complex, draws a substantial portion ot the water from the Vaal
Barrage, this location results in the area beinr probably the
only maldr industrial centre in the world which is not situated
on a maldr source of water; in fact it actually pollutes its own
water source by discharging its effluent into the Vaal

tributaries.

Such a situation clearly lends itself to erigineerincr systems
analysis for the optimal planning of the resources. Stephenson
(1978a) Tas outlined such a system [éscribed by a series of
equations and constraints which are linear except for the
pollution load balance equations. He considers the water
requirements of the Witvatersrand being met by (a) surface

re’ Ources, (b) partially treated wastewaters returned +to the



































