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The diverse number of research fields 

supported by the Water Research 

Commission (WRC) bears testimony 

to its multidisciplinary approach 

to water research. 

Table 1 

SRe^auxKsector JWumber. of times involved' 

Universities 145 

Consultants 63 

CSIR 35 

Water boards 13 

ARC 9 

Government departments 4 

Other 4 

Technikons 3 

Local authorities 2 

TOTAL 278 

■■■ 

52.2 

22.7 

12.6 

4.7 

3.2 

1.4 

1.4 

1.1 

0.7 

100 

he research fields and allocation of funds to the 
various fields for 1998 are indicated in Figure 1. 

The WRC does not itself undertake research, but enters 
into agreements with other organisations to carry out the 
research. In Table 1 the research sectors which are responsi­
ble for the research are listed, as well as the extent of their 
involvement. 

From the figures it is evident that universities are involved 
in 52.2% of the total number of contracts. The number of 
times that organisations are involved, namely 2 78, exceeds 
the number of projects supported, for the reason that more 
than one organisation is, in certain cases, involved in the 
execution of a project. In 1998 the WRC financially support­
ed 275 projects at a budgeted amount of R44 458 736.00. 

In addition to the direct funding of contractual research 
projects, the WRC also finances the Computing Centre for 
Water Research (CCWR), a research support service, and 
the development of the WATERLIT database. 

Figure 1 : A l l oca t i on ©f f unds (%) per research f i e l d d u r i n g 1998 
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Institutional arrangements for water supply 
and sanitation services 
During 1998, the WRC initiated several research projects 
that address the capacity-building needs of local authorities. 
rural councils and district councils. This research will pro­
duce guidelines for institutional arrangements and support 
facilities which are necessary to ensure sustainable rural 
wtiter supply services. 

The research output will materially contribute to the 
successful implementation of the Water Services Act. 

Evaluation of on-site sanitation from a socio-
economic perspective 
The WRC contracted Bernhardt Dunstan and Associates to 
evaluate on-site sanitation systems from a socio-economic 
perspective. The study concluded that in all three case study 
areas, communities were dissatisfied with their on-site sani­
tation systems. 

Women were particularly unhappy about being excluded 
from decision-making on the selection of sanitation tech­
nologies, because as managers of households, they are in a 
better position to select a sanitation system that is affordable, 
appropriate and socially acceptable. 

The study recommended that local authorities should be 
assisted to utilise computer-based financial modelling pro­
grams so that they could calculate capital and operating 
costs and assess affordability of any sanitation system to 
both the end-user and local authorities. 

Septic tank effluent drainage (STED) systems 
The CSIR, through its Division of Building Technology, was 
contracted by the WRC to evaluate STED systems in South 
Africa, and to develop operation and maintenance guide­
lines. The results showed that with proper design, operation 
and maintenance, STED systems offer a cheaper alternative 
for meeting the sanitation needs of communities who want 
an intermediate level of service, but with the same conven­
ience as a full water-borne system. Two guideline documents 
were published: 
• Operation and Maintenance of Solids-Free Sewer (SFS) 

Systems in South Africa: Guidelines for Engineers (WRC 
Report TT 97/98) 

• Solids-Free Sewer (SFS) Systems in South Africa: A 
Community Leader's Guide (WRC Report TT 96/98). 

Courses on latest developments in leakage 
management 
The WRC, in association with WRP (Pty) Ltd. and the 
SAICE, hosted four one-day courses on leakage management 
at different centres in South Africa. The objectives of the 
courses were to introduce the latest developments in the 
leakage management field. For this purpose, experts from 
Bristol Water, UK, were invited to make presentations 
together with local experts. A key and substantial element 
of the programme was the introduction of a number of 
research outputs emanating from WRC initiatives in the 
area of leakage management, these being: 
• The Water Audit Reporting Process (which will become 

part of of the SABS Code of Practice on Management 
of Distribution Systems) 

• Standard approach to evaluate burst and background 
losses in water distribution systems 

• Economics of leakage management. 
The courses also introduced a new approach to "pressure 

management" and its effect on leakage reduction. This topic, 
which is a current research initiative of the WRC, is drawing 
world-wide attention. The course was well attended and 
generated a great demand for the WRC research output. 

Management guidelines for water service 
institutions 
Management Guidelines for Water Services Institutions (Urban) 
(WRC Report TT 98/98), were published by the WRC during 
the year. The development of the Guidelines was very oppor­
tune, as it parallelled the drafting of the Water Services Act, 
Act 108 of 1997. It was, therefore, possible for the Guide­
lines to incorporate many of the principles of the Act. 

The Guidelines are considered a first step towards provid­
ing support and capacity to the water services sector. They 
have been written so as to assist water service institutions in 
financial planning and management of their services in a 
systematic manner. An important output and component of 
the Guidelines is the section on Water Services Development 
Plans and the complementing software models (WSSM-
Water Supply Services Model (WRC Report KV 109/98) and 
SSM- Sanitation Services Model (WRC Report KV 111/98)) 
which help generate these plans in a standard and simple 
report format. The models enable financial planning and 
determining of tariffs. 

In recognition of the importance of the Guidelines, a 
series of five seminars (at different centres in the country) 
were arranged in association with the Department of Water 
Affairs and Forestry (DWAF), and with the Institutional and 
Management Affairs Technical Division of the Water Insti­
tute of Southern Africa (WISA). The inaugural seminar, 
held in Pretoria, was graced by an opening address by the 
Minister of Water Affairs and Forestry, Prof Kader Asmal, 
emphasising the importance of the Act. 

The seminars introduced the Water Services Act, its 
requirements and implications. This was followed by an 
introduction to the Guidelines and how they can be used 
to meet some of the requirements of the Act. 

The seminars were well attended and positive responses 
were received from participants. The seminars were followed 
by specialised training workshops. The success of the Guide­
lines and the seminars was a clear indication of the emerg­
ing partnerships in the sector. 

Assessment of the quality of domestic water 
supplies 
The WRC held a workshop in February 1998 to update the 
Guide for the Assessment of the Quality of Domestic Water Sup­
plies, published in 1996. Presentations at the workshop cen­
tred on the implications of the new water legislation on 
potable water supplies. 

The original Guide had been critically reviewed during a 
workshop in 1997, and a number of shortcomings were 
identified by users. The WRC then contracted two consult­
ants to address these deficiencies, working with teams from 
DWAF, the Department of Health, a number of universities, 
and the SA Bureau of Standards (SABS). A series of three 
colour-coded user-friendly guides are envisaged, which will 
assist water suppliers, communities and individuals to assess 
the fitness for safe use of different water qualities, and to 
decide on treatment and management options. 

The three volumes in the series are: The Quality Assessment 
Guide (WRC Report TT 101/98); the Sampling Guide; and the 
Analytical Guide. The first volume is complete, and the other 
two will be published during 1999. 



Workshop on the microbial quality of potable 
water 

The rapid and reliable monitoring of the microbial quality 
of drinking water is of fundamental importance for the 
management and control of water-borne diseases. It is, 
therefore, important that the water supply industry be pro­
gressively informed of new assaying techniques as well as 
the expanding spectrum of micro-organisms to be tested for. 

Against this background, the WRC sponsored a workshop 
on new developments in the microbial assessment of drink­
ing-water quality using molecular techniques. The work­
shop was held in Pretoria during September 1998. Dr Colin 
Fricker from Thames Water in the United Kingdom was 
invited as guest speaker. He is an international leader in 
microbial water analysis, and shared his experience in 
water-borne disease outbreaks in the United Kingdom and 
Australia. 

A new ultrafiltration (UF) membrane 
An improved polysulphone UF membrane was developed by 
the Institute for Polymer Science, University of Stellenbosch. 
In earlier work an outer-skinless UF polysulphone mem­
brane was produced for use in membrane bioreactor related 
research. With slight modifications, the membrane also 
served as a low-pressure filter for the treatment of non-
saline surface and subsurface water for potable use. Typical­
ly, the membrane had instantaneous burst-pressures exceed­
ing 1.5 MPa and flux rates of 2 Lmh/kPa. 

In order to improve the tensile properties of the mem­
brane, the number of load-bearing cells in the substructure 
had to be increased. This had to be done without increasing 
membrane resistance to product transport. A double-
skinned membrane with a sponge-like substructure was 
designed, which satisfies both high bursting strength and 
high flux requirements. 

The micrograph shows a cross-section of one of the mem­
branes. The membrane has a very thin internal skin layer 
and the dimensions of the voids in the substructure are such 
that bacteria cannot penetrate, should the skin layer be 
punctured during filtration. The experimental ultrafilter has 
a molecular cut-off of 50 000 Dalton, with a pure-water 
flux exceeding 6 Lmh/kPa. The instantaneous burst-pres­
sure exceeds 2.3 MPa. The membrane will be further investi­
gated, inter alia, for the production of potable water for small 
communities. 

Control of balancing tanks 
The inflow of wastewater into a treatment works is charac­
terised by large variations in flow and pollutant load. Hence 
there is a need for a balancing tank in the circuit to dampen 
out the detrimental effects of such variations on the down­
stream bioreactors. Oversized balancing tanks should be 
avoided, as they could result in premature biological reac­
tions and the settling of solids before reaching the bioreac­
tors. 

The WRC contracted Watson Edwards to develop a bal­
ancing tank controller which would ensure a fairly constant 
feed to the bioreactors. This was done successfully, and the 
controller developed was installed and commissioned at the 
following treatment plants operated by the Greater Johan­
nesburg Metropolitan Council: Northern Works, Olifantsvlei 
and Goudkoppies. 

The controllers at these plants were found to operate suc­
cessfully, were easy to set up and configure, maintained a 
relatively constant outflow pattern, and prevented the tanks 
from either overflowing or running dry. 

Workshop on biofiltration 
The WRC sponsored a technology transfer workshop on the 
topics of biofiltration and secondary clarification in sewage 
treatment. 

Dr Denny Parker from the USA, a recognised international 
expert in these fields, was invited to the workshop and 
shared his practical experience relating to the innovative use 
of biofllters. 

Prof George Ekama from the University of Cape Town 
dealt with secondary clarification. He based his presentation 
on the recently released report of the International Associa­
tion on Water Quality (IAWQ), Secondary Settling Tanks: 
Theory, Modelling, Design and Operation. 

The workshop stimulated much interest and awareness 
regarding the potential for the innovative use of old biofilter 
installations in South Africa. 

Southern African regional conference 
on cleaner production 
Cleaner production is defined by the UNEP as "the continu­
ous application of an integrated preventative environmental 
strategy to processes, products and services to increase eco-
efficiency and to reduce risks to humans and the environ­
ment." Cleaner technology has been adopted as policy by 
DWAF, the Department of the Environment and Tourism, 
and the Department of Trade and Industry. 

As an initiative to assist in the promotion of the concept, 
the WRC in May 1998, co-sponsored the Southern African 
Regional Conference on Cleaner Production in Midrand. The 
objectives of the conference were to promote a better under­
standing of cleaner production practices, examine ways of 
improving environmental performance while achieving cost 
savings, and encourage networking between practitioners 
who are engaged in cleaner production. The conference was 
well received, attracting representatives from a number of 
sub-Saharan countries as well as from overseas (18 different 
countries altogether). 



First waste minimisation club launched 
in South Africa 
During the year, the Pollution Research Group at the Univer­
sity of Natal commenced a project to establish waste mini­
misation clubs in South Africa on a pilot basis. The concept 
was developed in the United Kingdom in 1992, and aims at 
providing clusters of small- and medium-sized industries 
(by regions or sectors) with support to implement cleaner 
production practices. 

The first club was launched for the metal finishing indus­
try in Hammarsdale, involving some 30 members. Signifi­
cant reductions in waste generation and substantial cost-
savings have already been effected. The success of the 
project spawned interest by Umgeni Water to establish a 
similar club for metal finishers in the Pietermaritzburg area. 

WRC project attracts European Union support 
The project on waste minimisation clubs discussed above, 
has been directly instrumental in generating some Rl mil­
lion support from the European Union by way of a collabora­
tive project. 

The next target sector for the WRC initiative on waste 
minimisation clubs, is the textile industry in Hammarsdale. 
Because of the relatively high energy demands in the textile 
industry, energy-use efficiency can be usefully addressed, 
alongside water conservation and waste minimisation. With 
this objective in mind, the Pollution Research Group, Univer­
sity of Natal, submitted a funding proposal for a collabora­
tive project to the Thermie Programme of the European 
Union. The submission was successful and about Rl million 
is being made available for this purpose. Technical input will 
be made by consultants from the United Kingdom and Den­
mark (at no cost to South Africa). 

These will be truly collaborative projects with substantial 
generation of synergy. 

Solid-stabilisation of wastes containing heavy 
metals 
The WRC is supporting innovative research at the University 
of Pretoria in collaboration with Mintek, for immobilising 
heavy metals present in wastes from the ferro-alloys indus­
try. These heavy metals constitute a threat to groundwater 
supplies and community health. The metals are being solid-
stabilised in bricks which are potentially suitable for selective 
use in building projects and/or recycling the metals back to 
the ferro-alloys industry. 

Results to date are promising, in that a high degree of 
metal immobilisation can be achieved. Future work will be 
directed at determining the most beneficial route(s) in 
national terms for the reuse of the solid-stabilised materials 
produced. 

Algal pond technology 
The WRC has been supporting research into algal pond 
technology for almost a decade at the Rhodes University's 
Department of Biochemistry and Microbiology. In addition 
to demonstrating application of the technology for sewage 
treatment at Grahamstown, novel modifications have been 
made to operate algal pond systems in highly saline environ­
ments. This latter development has extended the application 
potential of the technology dramatically. 

The modified technology has thus far found full-scale 
application in the treatment and odour reduction of tannery 

effluent in Wellington, and the cultivation of high-value 
Spirulina algae on industrial effluents. Currently the algal 
pond technology is being demonstrated on pilot scale for the 
treatment of acid mine drainage and the co-digestion of 
sewage sludge in large quantities. This is opening the way for 
the treatment of various other industrial effluents with high 
sulphate effluent streams. A range of patents have been reg­
istered. 

Research Co-ordinating Committee for 
Industrial Water and Waste Management 
(CCIWWM) 
In line with the WRC's mission of promoting research in its 
various fields of activity in a structured and transparent 
manner, a CCIWWM is being established to guide research 
in this area. Representation will be from industry, local 
authorities, government departments, academic institu­
tions, treatment work operators, consulting engineers, trade 
unions, environmental groups and other interested and 
affected parties. 

The CCIWWM will act in an advisory capacity to the 
WRC, assisting in identifying and prioritising research 
needs. Its first task will be to develop a strategic "master 
plan" for industrial water and waste research. This will be 
published in draft form on the WRC home page for comment 
and implementation. 

Biotechnology in the pulp and paper industry 
Research hy the Department of Biochemistry and Micro­
biology, University of the Orange Free State, in collaboration 
with SAPPI, is aimed at reducing the quantity of chlorine 
used in the pulp and paper industry. The focus is on a 
biotechnological approach as an environmentally friendly 
alternative to chlorine. 

The work carried out to date has shown that bio-bleach­
ing using enzymes from fungi can be used instead of chemi­
cal bleaching, producing much more benign effluents. Cur­
rently, attention is being given to the low-cost production of 
fungal enzymes, using effluents from the industry as growth 
media in order to make the process commercially more 
attractive. 

New waste discharge standards 
In terms of the new National Water Act, the Minister of 
Water Affairs and Forestry is to set new waste discharge 
standards. "Waste" in this context includes treated domestic 
sewage, industrial effluents including mine waters, and 
stormwater. The Department consulted with various parties, 
including the WRC, regarding technical and socio-economic 
issues. 

It is encouraging that results generated by WRC research, 
carried out pro-actively over a number of years, sometimes 
over decades, are making useful inputs in this process. Some 
important examples are research on integrated catchment 
management, analytical methods for estimating the readily-
biodegradable organic fraction in waste waters, nutrient 
removal from wastewaters, and a wide range of water 
quality studies. 
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A water quality simulation model for open-cast 
coal mining 
One of the problems facing regulating authorities and 
mines, is the lack of tools for predicting how mining opera­
tions affect water quality over time. 

Wates, Meiring and Barnard (CE) Inc. developed a generic 
mine-water model which can be used to predict the water 
balance for an open-cast mining operation, including runoff, 
seepage, and groundwater recharge. The model simulates 
the water flow and associated water quality over the opera­
tional life of an open-cast pit. The simulation is done for a 
selected hydrological sequence and operates at a monthly 
time-step. The open-cast pit is divided into a number of indi­
vidual mining blocks, to allow the mine scheduling to be 
incorporated into the model. Each mining block is further 
subdivided into up to 10 horizontal layers. This allows the 
simulation of the vertical spatial variation of oxygen and 
water migration. 

The use of vegetation to reduce mine-water 
pollution 
Reports dealing with two research projects on the use of 
plants to reduce mine-water pollution, were published dur­
ing the year. The first deals with the feasibility of using trees 
with deep root systems and high transportation require­
ments, to reduce flow of water through mine material, 
thereby reducing the concomitant water quality degrada­
tion. Measurements at mine sites indicated that trees (mostly 
eucalypts) do grow well under the harsh environmental con­
ditions associated with mines. They generally use consider­
ably more water than grass covers. 

The second project aimed to identify plant species which 
would be suitable for cultivation under irrigation with pol­
luted mine waters, or as wetland species, in order to either 
improve the water quality, or put it to beneficial use. The 
research was done by the Department of Plant and Soil Sci­
ence, University of Pretoria. Selected crops and pastures 
suitable for cultivation under prevailing climatic conditions 
and under irrigation were investigated under applicable 
glasshouse, growth chamber and field conditions, for their 
tolerance to lime-treated acid mine drainage (AMD). In addi­
tion, some wetland species were investigated, and some ten­
tative studies conducted on possible soil physical and chemi­
cal changes caused by the application of AMD. It is now 
clear that neutralised AMD can be used for the irrigation of 
a large range of crops. 

An information system for mine-water 
management 
Millions of rands are annually spent in South Africa relating 
to mine-water management, and many times more are spent 
internationally. Despite this level of effort and funding, most 
local users remain unaware of the information which is 
available to assist them in managing mine-water systems. 
Furthermore, users such as mines, seldom have the capacity 
to keep up to date with all these developments. 

The firm Pulles, Howard and De Lange Inc. developed a 
computerised Information Transfer, Extraction and Manage­
ment System (ITEMS) (WRC Report TT 94/98) which enables 
users to gain access to local and international information 
on mine-water quality, management, treatment and 
research. Six modules are incorporated in ITEMS: literature; 
water quality guidelines; contaminant properties; research 
results; an impact assessment model; and a mine-water 
management manual. These modules, and the options avail­

able in each, render ITEMS an extremely versatile informa­
tion tool. ITEMS is available on CD-ROM. 

Workshop on research needs in hydraulics 
It is a well-established procedure at the WRC to involve local 
expertise in the development of strategic research plans for 
specific research fields, by means of an intensive workshop 
on the research needs in the research field under considera­
tion. This approach was also applied to hydraulics when a 
workshop in this regard was held in March 1998. Of the 
WRC's national water-related concerns, current hydraulics 
research projects are concentrating on water resource devel­
opment, community water supply and protection of water 
ecosystems, whilst water conservation was attended to in 
recently completed projects. 

In revising the current level of activity in hydraulics 
research nationwide, the workshop expressed its concern 
about the dearth of suitably qualified experienced hydraulics 
researchers, and advised on the establishment of multidisci-
plinary teams in this research field. The workshop comment­
ed favourably on the extent to which multidisciplinary 
approaches are already implemented regarding hydraulics 
research in the protection of water ecosystems. 

In addition to the formulation of a proposed primary goal 
of hydraulics research in South Africa, the workshop also 
identified a number of secondary goals, the top three in 
order of priority being the following: 
• Sediment properties, sediment transportation, sedimenta­

tion in reservoirs and dams, and desilting 
• River hydraulics with special emphasis on river morpholo­

gy and flood routing 
• Eco-hydraulics, i.e. the requirements of the natural envi­

ronment (e.g. rivers and estuaries) as far as hydraulics and 
associated issues are concerned. 

The strategic research plan, consolidating the inputs of 
local experts in this field, should be a stimulus not only for 
increased research activity in hydraulics in South Africa, 
but also for increased interest in hydraulics as a career. 

Artificial recharge of groundwater 
The artificial recharge of groundwater constitutes a valu­
able tool for augmenting South Africa's rather limited natu­
ral recharge, while at the same time offering a strategy for 
limiting evaporation losses. 

By far the majority of artificial recharge schemes in the 
world, including those in Southern Africa, are in primary 
aquifers. However, in Southern Africa over 90% of the 
groundwater resources are located in secondary fractured 
rock aquifers. The CSIR is currently implementing pilot arti­
ficial recharge schemes in these types of aquifers. 

Four schemes are currently being tested. They range from 
a small rural water supply scheme in Namaqualand, to the 
large-scale injection of treated surface water into the Wind­
hoek aquifer, in Namibia. 

In Windhoek, the ultimate aim is to minimise evaporation 
losses by storing dam water underground. So far, 
150 000 m3 has been injected into a 200 m deep borehole, 
and this had the effect of "topping up" the aquifer in this 
region. The second scheme is in Calvinia in the Northern 
Cape. Here treated surface water will be injected into a brec-
ciated pipe aquifer. The third scheme is a rural water supply 
scheme in Namaqualand. A non-perennial stream will be 
used to recharge the fractured granite aquifer. The fourth 
scheme looks at the effect that treated wastewater has on 
the Sand River and granite aquifers in Pietersburg. 



Effect of aerosols on rainfall 
Rainfall enhancement research previously supported by the 
VVRC, clearly demonstrated that modifying the nature of the 
cloud condensation nuclei (CCN) ingested by continental 
convective storms can have a pronounced effect on precipi­
tation formation processes. By seeding storms with correctly 
sized hygroscopic particles, rainfall per storm can in fact be 
enhanced by between 30% and 50% on average. Conversely, 
the prevalence of inappropriately sized CCN may cause pre­
cipitation processes to be less efficient and thereby reduce 
rainfall. 

The Aerosols, Recirculation and Rainfall Experiment 
(ARREX), is a research project being conducted under the 
leadership of the University of the Witwatersrand's Clima­
tology Research Group. It aims to investigate the physical 
properties and chemical composition of aerosol particles 
and CCN over the South African highveld and escarpment, 
their transport and recirculation over the eastern seaboard. 
and to draw inferences regarding their possible influence on 
precipitation development over the region. The research 
thus far involved extensive sampling, using aircraft, in col­
laboration with the Weather Bureau, the Schonland Centre 
for Nuclear Science, the Max Planck Institute in Germany 
and Eskom. 

Initially ARREX was conceived as a one-year exploratory 
exercise. However, based on the successful acquisition of 
data, a two-year extension has been granted to achieve more 
representative coverage of atmospheric conditions, and to 
allow time for comprehensive analysis and microphysical 
modelling, in order to ensure greater confidence in conclu­
sions which may be reached. An additional development is 
that ARREX will in all probability be linked to the NASA-
sponsored SAFARI-2000 programme in 1999 and 2000, 
thereby giving ARREX access to a wealth of additional data 
and greatly enhancing its capacity to achieve its ultimate 
objectives. 

Use of radar to monitor rainfall 
The initial fruits of an ongoing WRC-Weather Bureau 
research partnership in connection with the use of radar 
to measure rainfall, are a series of rainfall maps available 
in real time, for an area which includes the Vaal Dam catch­
ment. The maps which can be freely accessed on the Weath­
er Bureau's home page on the Internet, are automatically 
constructed using data from the WRC's MRL5 S-band radar 
near Bethlehem, and from the Weather Bureau's C-band 
radar at Ermelo. They show instantaneous radar reflectivity 
as well as accumulated for the previous day, and for the cur­
rent day from 08:00 and for the previous 60 min, updated 
every 5 min. 

Ongoing research on radar-rainfall relationships, ensures 
that accuracy and reliability of the data used for these maps 
will improve continuously with time. The information will 
be of great value for flood mitigation purposes and for dam 
operation during periods of heavy rainfall. Moreover, the 
data - produced at a spatial resolution of 1 km x 1 km - will 
be archived and. for the first time, provide a sound basis for 
a short-term spatial rainfall climatology in South Africa. 

Impact of alien invading plants on water 
resources in South Africa 
This is a critically important issue, and the CSIR was con­
tracted to produce a preliminary assessment of the extent 
to which South Africa has been invaded by alien plants. 

The results present a bleak picture. It is estimated that 
approximately 10 million ha are infested by invading alien 
plants and that they are using in the order of 3.3 billion m ! 

of water per year in excess of that used by indigenous plants. 
This is almost 7% of the country's streamilow. The report 
highlights various scenarios for the control of the problem, 
However, in all cases it is obvious that a continuous pro­
gramme of clearing and controlling invading vegetation 
would be demanded at great cost. At the same time it is clear 
that the costs will escalate if action is not taken now. The 
Wnrkinn for Water Profirammc. Iherefore. may have been initi­
aled jusl in lime. 

Several recommendations for future research have been 
made. The use of appropriate information and the need for 
maintaining and updating a comprehensive and accessible 
database will play a ke\ role in the scientific support for 
dealing with this challenge. 
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Many of our streams are choked by alien invading plants (left) and measures to solve this problem are in progress (Working for Water 
Programme) and are supported by the WRC (right). 



Important baseline study in hydrology 
In a time where the new Water Act demands that all water 
be considered to be part of the total water resource, it is 
extremely important that a good understanding - based on 
good data - be developed of what actually happens in South 
African catchments. 

The collection of good data is no easy process, however. 
One study, completed during 1998, demonstrated that with 
dedication, good planning and technical know-how, this can 
be done. The study, undertaken by the CSIR, provided a com­
prehensive data set on the water balance of a grassland 
catchment, in one of the main water source areas in South 
Africa. The study also provided a role model for the intricate 
interaction between streamflow and groundwater, which 
occurs in some of the wetter parts of South Africa. 

Reservoir sedimentation 
Sedimentation generally limits the lifespan of reservoirs in 
South Africa. The replacement of lost storage capacity is a 
worldwide problem and the need therefore exists to limit 
reservoir sedimentation as much as possible. An obvious 
strategy is to limit erosion from land, but this has proven to 
be very difficult and not completely successful. 

Another approach is to try and manage the accumulation 
of sediments in reservoirs by promoting the throughput of 

sediments. In this context, research by BKS (CE) Inc. focused 
on the hydraulics of sediment transport in reservoirs, on the 
basis of the stream power theory and a new transport equa­
tion was derived. Sediment transport by means of density 
currents was verified using Chinese and South African reser­
voir data. Calibration and verification of a modified 
hydraulic model for flood flushing at Welbedacht Reservoir 
were carried out successfully. 

Guidelines for the design of sustainable reservoirs have 
been established. Aspects of reservoir dredging were also 
investigated. 

The effect of changing land use on water 
quality and quantity 
The Department of Agricultural Engineering, University of 
Natal, studied the relative soil loss and water use of timber, 
sugar-cane, and natural grassland on steep sloping land 
under various erosion control measures. 

The project was beset by a series of catastrophic events: 
the longest and most severe drought in the area which 
occurred during the first years of the project, with the con­
sequent die-back of trees; a fire which killed most of the 
trees; and chronic vandalism of equipment. Consequently 
data collection could not be conducted and concluded as 
envisaged. However, by making use of available data, and 
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i.'ain photo: Monitoring and modelling components of the water balance in a grassland catchment in the summer rainfall area 
South Africa. 

!' ;et top left: Streamflow. Top centre: Rainfall. Top right: Evaporation. Bottom right: Soil water storage. 



with the aid of the ACRU model for sugar-cane, realistic sce­
narios were simulated to supplement actual measurements. 
It was found, inter alia, that minimum tillage dramatically 
reduced soil loss whilst also reducing runoff, while afforesta­
tion had a greater impact on streamflow than sugar-cane. 
The impact of land use on runoff was found to be more pro­
nounced on shallow than on deeper soils. 

Sustainable water-based agriculture in rural 
communities 

The members of rural communities in South Africa are gen­
erally considered to be disadvantaged or marginalised for 
various reasons. In this context, the efficient use of water 
resources through rain-fed or irrigated production of food 
crops, can contribute towards improved living standards. 
Accordingly, a research programme was initiated which 
aims at: 
• Enhancing the management capacity of resource-poor 

farmers 
• Increasing the understanding of the constraints experi­

enced by subsistence, small-scale farmers 
• Improving living conditions by moving out of a position 

of survival to achieving food security and eventually 
producing a surplus 

• Promoting social change by empowerment of rural people 
through training and the gaining of access to water, land, 
finance and markets. 

The programme requires involvement of stakeholders in the 
assessment of problems; analysing the causes of such prob­
lems; generating possible solutions by a multidisciplinary 
team of researchers together with the stakeholders; and 
practically implementing research findings. 

Eight ongoing projects with a total funding level of 
R872 000 for 1998 can already be incorporated in the pro­
gramme. With the selection of new research projects, the 
intention is to follow a pro-active approach, to create oppor­
tunities for capacity building, and to promote participation 
of stakeholders in order to facilitate the acceptance and 
application of research results. 

Biological control of the red water fern Azolla 
filiculoides 

The Plant Protection Research Institute of the Agricultural 
Research Council, recently completed the fist phase of an 
investigation into the biological control of the red water fern 
Azolla filiculoides. The frond feeding weevil, Stenopelmus rufi-
nasus was held in quarantine, and the host specificity of the 
insect was tested against a range of plant species. Feeding, 
oviposition and larval development was only recorded on 
Azolla spp., with A. filiculoides being significantly the most 
suitable for the weevil. 

Following approval from the authorities, the first release 
was made in the Austin Roberts Bird Sanctuary in Pretoria, 
where one of the water bodies was heavily infested. Within 
a relatively short period of time the numbers of the weevil 
had increased dramatically, and the water body was effec­
tively cleared of Azolla. However, the water quality in this 
body is such that another small plant, Wolfia, was beginning 
to recolonise the open water. This underlines the necessity of 
having an integrated strategy for weed control. 

Austin Roberts Bird Sanctuary pond on the day the biological 
control agent was released. 

Courses on computerised flood irrigation design 
procedures 
In Chapter 7 completion of a research project on the com­
puterisation of flood irrigation design procedures, is reported 
on. This project, entitled Flood and furrow irrigation: 
A critical evaluation of design procedures and the 
computerisation of the most suitable approaches, 
was attended to by the University of Pretoria and Rehab 
Consultation. 

The four volumes of the final report constitute the first 
in-depth investigation into flood irrigation in South Africa. 
It is complete; unique in the sense that it evaluated existing 
design techniques from the South African point of view; and 
acceptable as a foundation for courses aimed at improving 
the level of flood irrigation system design and management 
in South Africa - both for developed and developing irrigated 
agriculture. 

Against this background the WRC contracted Rehab 
Consultation to present a series of courses on the results 
of this project, targeted at: 
• Engineers and extension officers of Provincial Depart­

ments of Agriculture 
• Consulting engineers 
• Representatives of agricultural co-operatives and of 

dealers in irrigation equipment. 
Over a period of four months six courses were held in 
Potchefstroom, Pretoria, Rietrivier, Vaalharts, Cradock 
and Pietermaritzburg. 
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These courses concentrated on the hydraulics theory 
forming the basis of the OPTIVLOED 2.2 design approach, 
optimisation of flood irrigation designs with specific refer­
ence to variation in infiltration rates, mechanisation and 
convenience of management; and construction of flood 
irrigation systems. 

ft is anticipated that the results of this project, and the 
transfer of the updated technology by means of the above-
mentioned courses will contribute significantly to the 
upgrading of flood irrigation practices in South Africa. 

Protection of the Eastern Cape estuaries 
April 1998 saw the launch of the Eastern Cape Estuaries 
Research Programme at Port Alfred. The objective of the 
programme is the development of guidelines to protect and 
promote the sustainable use of these estuaries, particularly 
in the development of tourism. 

The Eastern Cape is a province with relatively few 
resources, but tourism does offer the potential to stimulate 
economic development in the region. Most of the develop­
ment potential is to be found along the province's coastal 
region which boasts almost 50% of all the estuaries in South 
Africa. However, there are indications that these unique 
assets are already under pressure as a result of changing 
patterns of land use in the catchments and poor manage­
ment. It is, therefore, essential that guidelines for the scien­
tific management of the Eastern Cape estuaries be developed 
and implemented as soon as possible, to avoid instances of 
irreversible degradation. 

Over the years the WRC has developed models which facil­
itate the management of estuaries, but these rely on the 
input of accurate and extensive data - data which mainly 
do not exist in the Eastern Cape. 

The WRC contracted the Institute for Natural Resources, 
University of Natal, to plan and co-ordinate the research 
programme. The intention is that the research will be under­
taken by organisations in the region, including Rhodes 
University, the University of Fort Hare, the University of 
Transkei and the University of Port Elizabeth. The pro­
gramme will enhance capacity at these institutions, so that 
they can better serve the needs of those who have the 
responsibility of managing estuaries. 

Commercialisation of intellectual property 
at academic institutions 
With declining government support of academic institu­
tions, a significant source of supplementary income could 
potentially be derived from the commercialisation of intel­
lectual property. A significant portion of such intellectual 
property, distributed over many of the institutions, is derived 
from WRC-funded research. 

The practical commercialisation of intellectual property -
in the form of patents, software, know-how and expertise -
is no simple matter, however. Hence there is great divergence 
in the strategies developed by those academic institutions in 
South Africa that have taken initiatives in this regard. For 
this reason the WRC arranged a national workshop on this 
topic, held in Midrand on 16 November 1998. Representa­
tives from academic institutions reported on their strategies 
and experiences, and exchanged ideas relating to the issue. 
All South African universities and technikons were invited 
to participate. 

The delegates enthusiastically supported the concept of 
synergy creation through continued exchange of informa­
tion and collaborative initiatives. They decided to establish a 

network for this purpose, making use of the Internet. It was 
also decided to have similar meetings in the future to main­
tain momentum. 

An improvement in the commercialisation of intellectual 
property at academic institutions generally, will also impact 
positively on the implementation of WRC research output 
specifically. 

Launching a company to promote the sale of 
South African water expertise and technology 
abroad 
South Africa enjoys widespread international recognition 
for its technological achievements and managerial abilities 
in the field of water. However, very little has been done to 
capitalise on this situation by way of export promotion. 
Some individual companies have indeed made significant 
inroads in this respect. Generally, however, efforts thus far 
have been isolated and fragmented, and the time has come 
that marketing should be done professionally and 
collectively. 

Against this background, the WRC took steps to facilitate 
the establishment of a company to promote the sale of 
South African water expertise abroad. The concept was 
launched in Johannesburg on 12 October 1998, at a press 
conference led by Prof Kader Asmal, the Minister of Water 
Affairs and Forestrj'. This was followed by a meeting of some 
100 representatives from interested companies. The concept 
was unanimously supported by the meeting and a steering 
committee elected to develop a business plan and to finalise 
the memorandum and articles of association for registering 
the company. These will be subject to final approval by a sec­
ond meeting of interested parties. The intention is to register 
the company early in 1999. 

News concerning senior staff and board 
members 
Mr AG Reynders, the WRC's Research Manager responsi­
ble for groundwater projects, passed away on 5 July 1998, 
after a year-long struggle with leukemia. He was 39 years 
old. 

Prof CT Johnson, Chairman of the WRC Board, was 
appointed President of the Agricultural Research Council, 
as from 1 January 1999. At the time of his appointment, 
Prof Johnson was Acting Vice-Rector (Academic), 
University of the Western Cape. 

Mr PE Odendaal, Executive Director of the WRC, was 
elected President of the International Association on Water 
Quality (IAWQ) at the Association's biennial conference in 
Vancouver, Canada, June 1998. 

Mr KC Pietersen was appointed Deputy Research Manager 
responsible for groundwater projects, in November 1998. 

Mr JA Venter was promoted to the position of Director: 
Administration. 
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According to the Water Services Act 

of 1997, local authorities and district 

councils are responsible for providing 

water and sanitation services to 

communities in their areas of 

jurisdiction. 

1 owever, in many parts of South Africa, these institu­
tions currently lack technical, management and linancial 
capacity to exercise their function. There is therefore an 
urgent need to build the capacity of these institutions so that 
they can fulfil their obligations. 

During the year under review, the WRC initiated several 
research projects that address the capacity-building needs of 
local government structures. The research will produce 
guidelines for institutional arrangements and support facili­
ties necessary for sustainable rural water supply schemes. 
The research output will contribute towards the strengthen­
ing of local authorities and district councils so that they can 
perform their functions more efficiently. 

The water supply and sanitation (WSS) sector in South 
Africa is currently faced with a serious shortage of financial 
resources to implement new water-supply projects. Research 
can play an important role in developing innovative 
approaches for financing infrastructure projects without 
relying entirely on government grants. 

Another challenge that is facing the WSS sector is poor 
cost recovery from the existing water-supply schemes. There 
is a need to develop cost-recovery options which would be 
acceptable to all stakeholders. There is also a need to develop 
appropriate incentives to encourage communities to pay for 
the services that they receive. 

C o m p l e t e d p r o j e c t s 

Evaluation of on-site sanitation from a socio-
economic perspective 
(K8/279) Bemhardt Dunstan & Associates 

It is estimated that South Africa currently has 18 million 
people who lack access to adequate sanitation. In order to 
ensure that the sanitation improvement programme is a suc­
cess, it is essential to provide sanitation systems that are 
affordable, appropriate and acceptable to the user communi­
ties. The main aim of this study was to evaluate on-site sani­
tation systems from a socio-economic perspective with spe­
cial reference to affordability, appropriateness and social 

acceptability. The study was undertaken in three case study 
areas, namely, Soshanguve TT Ivory Park and Ga-Mmotla. 

The research findings for the three areas were: 
• In Soshanguve TT, most members of the community were 

dissatisfied with the low-flush volume on-site sanitation 
systems because of high operating costs and inconven­
ience associated with the use of these systems. 

• In Ivory Park, most of the on-site sanitation systems were 
malfunctioning due to poor operation and maintenance. 
The end-users were not paying for these sanitation sys­
tems because they considered them to be inferior and 
unacceptable. 

• In Ga-Mmotla, most households were using unimproved 
pit latrines. The community was keen to get ventilated 
improved pit (VIP) toilets which would help eliminate flies 
and bad smells which are normally associated with the 
use of unimproved pit latrines. 

The study concluded that in all three case study areas, com­
munities were dissatisfied with their on-site sanitation sys­
tems. Women were unhappy about being excluded from 
decision-making on the selection of sanitation technologies, 
because as the main users, they are better qualified to select 
a sanitation system that could be operated and maintained 
by the users. The study has recommended that both men 
and women must be empowered so that they can make 
informed choices and be able to base the selection on afford­
ability and ability to operate and maintain. 

Local authorities should be assisted to utilise computer-
based financial modelling programs so that they can calcu­
late capital and operating costs and assess the affordability of 
any sanitation systems to both the end-users and local 
authorities. 

Cost: R54 200 
Term: 1997-1998 



Dynamics of community non-compliance 
wi th basic water supply projects 
(No TT 93/98) Lynette Dreyer and Associates 

The water supply programme drive is intended to meet the 
basic water needs of the villagers, for which they are to pay 
operations and maintenance costs. In the projects studied 
here, agreements were negotiated with elected community 
representatives who comprise a water committee, while 
community members were trained to manage the project as 
well as the ultimate water scheme. The research found that 
many communities already had their basic needs for water 
met, and wanted a higher level of service than the national 
water supply programme envisaged. The projects that were 
successful were situated in villages with a dire need for water 
and who benefited appreciably from the project. When the 
communities that felt that their basic need for water had 
already been satisfied, found that their expectations for a 
higher level of service would not be met, they withdrew 
their payments. The collapse of water projects did not hap­
pen simply and directly. There were usually other problems 
during implementation which were the manifest reason for 
project failure, but for which the water committee or com­
munity in general could not find enough enthusiasm to 
resolve, probably because they did not really need the water. 

For the implementation of the water delivery programme, 
the assumption is usually that community cohesiveness is a 
valid basis for the election of a water committee with whom 
outsiders can negotiate and conclude agreements. The 
research cast doubts on this assumption. In the cases where 
there did appear to be significant community cohesion, the 
cohesion itself was sometimes the last straw in the collapse 
of the project. In these cases, the community preferred to 
abandon the project rather than risk community conflict 
over water problems. 

Cost: R99 600 
Term: 1997 

Development of cross-flow microfiltration 
for rural water supply 
(No 386) Pollution Research Group, University of Natal and Scientific 
Services, Umgeni Water 

The main aim of the project was to evaluate the applicability 
of a cross-flow microfilter for the supply of potable water to 
rural and peri-urban areas. Aspects such as manpower 
requirement of operation, water quality and costs were 
assessed. 

Overall, the unit showed an excellent turbidity rejection. 
When used with a precoat, the permeate turbidity was usu­
ally around 0.1 NTU for feed turbidities ranging from 5 NTU 
to larger than 800 NTU. The unit consistently produced this 
high turbidity removal over the project period. The bacterio­
logical rejection capabilities were also very good. In tests 
conducted by Umgeni Water's laboratories, a higher than 
99.9% removal of coliforms, B. coli and faecal streptococci 
was reported. The ability of the unit to remove viruses was 
not tested during the project. However, further improve­
ments to the mechanical reliability are necessary before the 
unit may be regarded as a reliable one for potable water in 
rural and peri-urban areas. 

Cost: R912 000 
Term: 1991-1995 

Cost recovery for water schemes to developing 
urban communities: A comparison of different 
approaches in the Umgeni Water planning area 
(No 521) Division of Water, Environment and Forestry Technology, CSIR 
and Corporate Services, Umgeni Water 

About 10 million South Africans live in developing urban 
communities. Approximately half live below the poverty 
datum level (PDL) whilst a small minority have quite a high 
standard of living. In the Umgeni Water supply area only 
about 10% of households have house connections and even 
those with house connections only use on average about one 
third of the water used by households living in established 
urban communities. The large number of people falling into 
this category, their economic standing and low water usage 
all suggest that planners should facilitate the implementa­
tion of multi-level service schemes for these communities. 
Water charges should be based on the total actual cost of 
delivery, the only exception being the non-repayment of cap­
ital where grant finance has been obtained for the construc­
tion of basic minimum levels of service. Thereafter individ­
ual households should be allowed to choose the level of 
service they want. 

Umgeni Water recovers about 90% of all invoiced 
amounts from customers with house connections, including 
those households owning metered shared standpipes. This 
recovery is only achieved against a background of a high 
quality of service, the existence of active water committees 
in all the communities and Umgeni Water branch offices in 
many of them. 

Along with the current investment programme to expand 
coverage there is an urgent need to start an equally well-
resourced strategy to enhance the capacity of communities 
and other local structures to manage small water schemes 
and to introduce meaningful cost recovery. For this purpose 
it will be necessary to draw up a budget of which costs are to 
be recovered and from whom costs are to be recovered. This 
planning must be done within a framework of consultation 
and negotiation between the prospective customers and the 
fledging water service provider because households will only 
pay for water when they accept: 
• The level of service as being adequate and reliable 
• The charges for water delivered as being equitable 
• The authority of the water service provider as being 

sound. 

Cost: R234 500 
Term: 1993-1994 

Assessment of common problems associated 
with drinking-water disinfection in the 
developing areas 
(No 649) Division of Water, Environment and Forestry Technology, CSIR 

The aims of the project were to assess the problems with 
present disinfection systems in the developing areas, most of 
which are chlorine-based systems. The resulting health 
implications with respect to intermittent disinfection could 
be serious, and give rise to severe criticism of local authori­
ties. 

The results showed that, in many of the water treatment 
plants and small water supply schemes, existing disinfection 
practices are unreliable and often not monitored. In a num­
ber of systems no chlorination is practised at all. Failure of 
disinfection is essentially not due to technology problems 
with equipment (although equipment did fail - after which 



the alternative of hand addition of chlorine was mostly 
practised). The reasons for failure and unreliability of 
disinfection include: 
• Lack of chlorine chemicals 
• Lack of operator attention 
• No provision made for chlorine addition 
• Lack of funds for purchasing chlorine 
• No monitoring of chlorine residuals to detect chlorine 

levels. 
Probably the most important aspect derived from this study 
is that the operators controlling the plant do not have the 
knowledge and understanding of the background of water 
disinfection, the importance thereof and the possible conse­
quences to the community they are serving. Proper training 
was, therefore, deemed as being absolutely essential. 

Cost: 
Term: 

R40 000 
1994-1995 

Guidelines for the evaluation of water 
resources for rural development with 
an emphasis on groundwater 
(No 677) Institute for Water Research, Rhodes University 

Many examples of failed or inappropriate rural water supply 
schemes, resulting from, inter alia, the lack of a systematic, 
integrated approach to evaluating different community 
water-supply options and inadequate quantification of 
small-scale water resources, provided the stimulus for this 
project. The aims, therefore, were to develop guidelines for 
assessing the water supply alternatives for relatively small-

scale development projects and identifying and evaluating 
the factors (physical, social and economic) affecting the type 
of water source and infrastructural system to be developed. 
Because of the increasing pressure on groundwater develop­
ment as a means of solving rural water supply problems, the 
research focused strongly on the assessment of groundwater 
resources and related issues. These related issues were iden­
tified using both international literature and the outcome of 
an intensive multidisciplinary workshop held at the com­
mencement of the project. They include: 
• The effective involvement of the community in the selec­

tion, design, implementation, operation, maintenance 
and financing of the system 

• The selection and development of a water source which 
can meet community requirements in terms of quantity, 
quality, accessibility and reliability 

• The selection of technology to match the environment 
and the human, economic and logistical resources to sus­
tain it 

• The initiation of institutional and human resource devel­
opment programmes which match the operational 
requirements of the system. 

The resulting guidelines are presented in a structured and 
systematic manner and lend themselves to incorporation 
into a computer-based decision support system (DSS). The 
development of such a DSS is the topic of a follow-up 
project. 

Cost: 
Term: 

R205 000 
1995-1997 
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A prototype solar powered Stirling motor for water pumping, suitable for use in remote sites and in developing economies. Although a 
low-tech product, it is the result of recent developments in a new technology. A Stirling motor is a form of heat engine that operates by 
compression and expansion of the working fluid (in this case air at ambient temperature) to convert a fraction of the incident solar 
radiation to useful work used to drive a low-pressure water pump. 
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Development of a community-based integrated 
catchment management programme with 
special reference to water supply and sanitation 
in the Ntshongweni catchment 
(No 684) Farmer Support Group, University of Natal 

The Ntshongweni catchment is a microcosm of South 
Africa. Virtually all of the problems encountered in the 
various communities and activities around the country are 
found in this catchment. The primary goal of the project 
was to develop a framework for community participation 
in catchment management in South Africa. 

The following is a brief summary of achievements in the 
first two years: 
• The Ntshongweni Catchment Management Programme 

(NCMP) has been started with the active co-operation of 
a host of local groups and organisations. Part of the rea­
sons for the success is the fact that the project staff is of 
local origin. 

• Three community gardens have been started in the 
Ntshongweni area, another three in the nearby 
Mpumalanga Township. This includes the formulation of 
constitutions, training of committee members and build­
ing of networks with local authorities. 

• Ecological aspects of riverine rehabilitation were integrat­
ed with the Shongweni Resources Reserve, which in turn 
was integrated with the Durban Metropolitan open space 
system. 

• The NCMP has engaged with well over a hundred organi­
sations in the process of supporting community participa­
tion in catchment management and has helped several 
community groups to form themselves into organisations, 
action groups or projects. 

• A number of local companies have made contributions of 
finance, expertise and equipment. Umgeni Water and 
Mondi Forests have contributed financially. 

• The Umlaas Irrigation Board has appointed a full-time 
conservation officer to assist with catchment manage­
ment. An action plan for riverine conservation has been 
compiled and the Tala Valley has been demarcated as the 
first subcatchment. 

• The Outer East Substructure of the Durban Metropolitan 
Authority has agreed to support the development of an 
Environmental Education Resource Centre in Mpumalan­
ga township and has asked NCMP to administer funds. 

The results of this project have laid the foundation for com­
munity involvement in integrated catchment management 
and a follow-up project has been approved. 

Cost: 
Term: 

R542 100 
1995-1996 

Guidelines for the operation and maintenance 
of septic tank effluent drainage (STED) systems 
by communities in South Africa 
(No 708) Division of Building Technology, CSIR 

Research undertaken in South Africa has shown that com­
munities lacking adequate sanitation services believe that 
full water-borne sanitation is the only system that will satis­
fy their needs. However, the high cost of full water-borne 
sanitation prohibits the use of these systems country-wide. 
STED systems can provide an alternative sanitation option 
which offers a level of service that is similar to that of a full 
water-borne sanitation system but at a reduced cost. Briefly, 
the STED system comprises a septic tank installed on the 

property which retains the solids fraction on-site, while the 
liquid fraction is transported off-site via a small-bore pipe, 
for treatment, usually in a pond. 

This study evaluated the STED systems in South Africa. 
It showed that STED systems were used on over 16 000 
erven in South Africa. The study showed that problems 
experienced with these systems were mainly due to poor 
operation and maintenance. The study also showed that 
some incidents of blockages were due to incorrect design 
and construction of the STED systems. The study concludes 
that with proper design, operation and maintenance, STED 
systems offer a cheaper alternative of meeting the sanitation 
needs of communities who want an intermediate level of 
service with the same convenience as a full water-borne 
system. The output of this research includes two guidelines, 
namely Operation and Maintenance of Solids-Free Sewer Sys­
tems in South Africa: Guidelines for Engineers; and Solids-Free 
Sewer Systems in South Africa: A Community Leader's Guide. 

Cost: R145 000 
Term: 1995-1997 

Groundwater pump for use in informal 
settlements 
(No 876) Stass Environmental 

This project had as its objective the design of an inexpensive 
groundwater abstraction system for use in informal settle­
ments, utilising wind energy to provide compressed air to 
drive the pump. It succeeded in developing a practical, novel 
and cost-effective system and demonstrated that it functions 
satisfactorily. Through a wind-driven compressor, air pres­
sure is generated and stored in a receiver tank, as opposed to 
storage of the pumped water in a water tank. 

Storing the energy rather than the water has the major 
advantage that the quality of the water eventually obtained 
by the community will not be affected by insects, vandalism 
or vermin, and also making the water less susceptible to pol­
lution due to poor sanitation practices. 

Since no water is lost by evaporation and water is being 
pumped only as required, water conservation is promoted by 
the system. Furthermore it has the advantage that the wind-
wheel can be positioned in a location optimal for the capture 
of wind (e.g. top of a hill), whereas the borehole can be 
installed at a point most advantageous from the point of 
view of groundwater availability. 

Whereas wind energy is generally not considered to be a 
very reliable energy source due to the variable nature of 
wind occurrence, storing wind energy presents a technical 
challenge requiring innovative thinking. Compressed air, 
although an environmentally friendly "fuel", is also one of 
the few renewable energy sources. Although compressed air 
has a number of disadvantages and if generated by any 
other means is not economical, utilising wind energy under 
the circumstances for which this research was intended, 
opens a door which justifies further investigation as is 
intended in Project No 9 76, more information on which is 
provided later on in this chapter. 

Cost: R140 200 
Term: 1997 



N e w p r o j e c t s 

Development of a framework for the 
calculation of a monthly tariff payable in stand­
alone community water supply schemes 
(No 886) Mvula Trust 

The beginning of the new political dispensation has seen a 
sense of urgency to provide water supply and other infra­
structure to previously marginalised communities. A large 
number of these schemes are now installed and operating. 
Recently there has been a marked change in emphasis from 
rapid delivery towards a need to ensure sustainability in 
delivery. 

The operation and maintenance requirements for rural 
community water supply schemes, which have typically 
been built during the reconstruction and development pro­
gramme, differ considerably from schemes in urban areas 
which are operated by large water utilities. Further, it is 
important for planners to take into account the rural envi­
ronments with limited employment opportunities, with 
many local residents depending for their livelihood on 
money which comes from migrant relatives in cities. 

The sustainability objective will be considerably promoted 
through efforts to understand the basic linancial require­
ments necessary to operate and maintain schemes. It is even 
more important to endeavour to understand the rural eco­
nomic fabric so that the linancial models which are pro­
posed, demonstrate a practical and pragmatic approach to 
the realities of rural communities. There is also a real possi­
bility that the actual costs of running these schemes are 
beyond the means of the rural poor, and thus will be depend­
ent on external subsidies. 

The aims of the research programme are as follows: 
• To determine the minimum factors which constitute the 

monthly running costs for community supply schemes to 
ensure that the scheme is operated and maintained in a 
sustainable manner utilising local resources 

• To obtain empirical data of the monthly running costs 
from existing water supply schemes 

• To develop a financial framework which provides guide­
lines to consultants, planners and local authorities on the 
basic monthly running costs of such schemes. 

Estimated cost: R378 000 
Expected term: 1998-1999 

Case study of a management system for rural 
water supply: Matatiele district 
(No 895) Mattcomm 

In the present context of rural water supply in South Africa 
there is a strong drive for implementation of projects that is 
not yet being matched by supporting considerations for 
operation and maintenance (O&M). Research into O&M 
management arrangements has only started to emerge and 
has been limited to broad guideline considerations. A large 
gap presently exists between communities, emerging local 
government and national policy-makers. There is therefore 
a need for consultation and input from community level in 
order to ensure that emerging policy for rural water supply 
management is effective, appropriate and applicable on the 
ground. 

Hence, the study aims to: 
• Improve the understanding of the on-the-ground issues 

affecting the management of water supply to rural settle­
ments. 

Domestic water supply for a rural community in the far Northern 
Province (Venda). A senior citizen guards the line of some 200 
household containers awaiting the tanker truck to deliver water. 
This enables the owners to carry on with other duties during the 
long wait. The role of this water supply system in the spread of 
water-borne viral diseases is being investigated. 

• Use a detailed case study as a basis for assessing local 
management arrangements and to then draw lessons and 
make recommendations regarding good practice for O&M 
management arrangements generally. 

• Draw particular attention to arrangements for financial 
management which allow local systems to be sustainable. 

• Use a process of participatory workshops to develop spe­
cific options for appropriate management arrangements 
that would then be ready to be applied in a pilot-project 
area. This process is to build on the general DWAF guide­
lines. 

Estimated cost: R184 000 
Expected term: 1998 

Fog-water collection: Implementation of 
an operational prototype system 
(No 902) Department of Geography, University of the North 

There are numerous villages in rural South Africa where 
shortages of water are exacerbated by poor accessibility and 
bacterial contamination of available supplies. This is the 
case even in relatively higher rainfall areas adjacent to the 
mountains of the eastern escarpment. A study recently 
completed in the Northern Province has established the 
potential of high-elevation fog as a source of water which is 
suitable for human consumption. In fact, yields obtained are 
3 to 4 times higher than in a Chilean fog-water supply sys-
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tem which has been fully functional since 1987. Systems 
designed to deliver more than 250 ki/d ought to be possible 
at some sites. However, the greater requirement would prob­
ably be for smaller fog-water harvesting systems to supply 
potable water to small village communities. 

The aims of this project are to: 
• Design, install and operate a pilot fog-water collection sys­

tem to provide potable water to a small rural community 
• Continue researching meteorological, geographical and 

water yield and quality factors at the site with a view to 
refining design and operational procedures 

• Train local community members and staff in the opera­
tion and maintenance of the system. 

Estimated cost: R500 000 
Expected term: 1998-2000 

Assessing the causes and pathways of water-
borne disease in rural settlements with limited 
formal water supply and sanitation 
(No 925) Umgeni Water 

As rural people are not usually able to compete on the open 
market for financial resources, they are particularly depend­
ent upon RDP and rural development programme funding to 
meet the capital costs of infrastructure provision. Evaluation 
of the effect of these projects on the health of the inhabi­
tants has become a critical management information need 
for water infrastructure providers. To fulfil this need, 
research aimed at understanding and describing the health 
benefits associated with water supply and sanitation must be 
undertaken. Results will assist in motivating the upgrading 
of settlements and identifying the most important factors to 
be addressed in the design and education surrounding infra­
structure development and use. 

The intention of this research is to identify the most 
appropriate health indicators and to establish the critical 
factors relating environmental- and drinking-water quality 
and personal hygiene to the health of consumers. Although 
the case study will be located in southern Natal, the results 
will be applicable to many other rural areas in Southern 
Africa. 

The importance of this proposal, particularly in the devel­
oping world, is that it will provide information about the 
actual relationships between water quality at different stages 
in the water supply process and the potential for disease. 

Estimated cost: 
Expected term: 

R175 000 
1998-1999 

Institutional structure for the management of 
a rural water and sanitation supply scheme 
involving five local authorities 
(No 958) Association for Water and Rural Development (AWARD) 

The Association for Water and Rural Development (AWARD) 
is a participant in an RDP project aimed at establishing a 
functional water and sanitation management capacity. As a 
national pilot scheme, this project offers lessons and guid­
ance for other potential new schemes. As part of this proj­
ect, a bulk supply authority, the Bushbuckridge Water Board 
is being established. This project has national implications, 
as the models established here can be applied in other areas 
and the lessons learned will impact on government policy 
formulation. 

The main objectives of the research are to: 
• Develop models of appropriate management structures 

that will ensure co-operation between local government 
structures, water committees and NGOs 

• Disseminate lessons learned from the implementation of 
this Presidential Lead Project to all stakeholders. 

The results of the study will impact upon the regulating 
framework including tariff-setting mechanisms, water allo­
cation mechanisms and relationships between bulk supply 
authorities and local authorities. 

Estimated cost: 
Expected term: 

R120 000 
1998 

Institutional arrangements and support 
facilities required for sustainable community 
water supply 
(No 959) Water Systems Management 

Poor operation and maintenance of water supply infrastruc­
ture has been identified as one of the main reasons why 
most water supply schemes fail in developing countries. In 
order to ensure that large investments that are presently 
being made by the national government are not wasted, it is 
important to build the capacity of district councils and rural 
councils to enable them to deliver services to target groups 
in a sustainable manner. According to the Constitution, the 
local government structures are responsible for the provision 
of basic services. These structures suffer from lack of capaci­
ty and have limited support infrastructure. There is therefore 
an urgent need to build their capacity through developing 
appropriate training programmes. 

This project will identify the strengths of existing institu­
tional structures so that these may be duplicated in the pro­
posed new institutional structures. 

The main objective of the project is to initiate the estab­
lishment of effective and efficient institutional structures for 
the operation, maintenance and management of rural water 
supply schemes. The specific aims of the project are to: 
• Assess the current institutional arrangements in rural 

water supply schemes 
• Recommend ways of improving institutional arrange­

ments for supporting the delivery of services to rural com­
munities 

• Initiate the process of transition in a selected transitional 
local council. 

The study will also develop guidelines for refining the train­
ing offered in collaboration with the National Community 
Water Supply and Sanitation Training Institute, Mvula Trust 
and other RDP initiatives. 

Estimated cost: 
Expected term: 

R500 000 
1998-1999 

Improving water use, sanitation practices and 
hygiene education for primary-school children 
in South Africa - Phase II 
(No 960) Public Health Programme, University of the Western Cape 

Without an understanding of children's perception of water 
and sanitation and how it is related to health, it is difficult to 
develop appropriate hygiene education programmes. Appro­
priate schoi ' hygiene education curricula can play a major 
role in the,. eduction of water-borne diseases. 

There is a need for a long-term programme of action to 
ensure that sound health education around water and sani-



tation issues is institutionalised through the curriculum and 
teacher-training programmes within the National Depart­
ment of Education. Schools should be the major focus for the 
promotion of positive hygiene practices because children 
can act as informal educators in their communities. 

This research project will use the imagination and creativ­
ity of the children to develop culturally sensitive multimedia 
learning strategies. 

The main objectives of the research project are to: 
• Gather data from schoolchildren on their perceptions of 

water use, sanitation and hygiene practices in order to 
understand their knowledge, attitudes, practices and 
behaviours 

• Develop an improved hygiene education curriculum for 
different categories of primary schools based on socio-
economic and cultural parameters 

• Develop techniques, methodologies and materials for 
teachers on improved hygiene education which will be 
appropriate in a social and cultural context. 

The research output will contribute towards the develop­
ment of a national hygiene education curriculum for pri­
mary schools. 

Estimated cost: 
Expected term: 

R344 000 
1998 

A tool for assessing the microbial water quality 
in small community water supplies: An H2S strip 
test 
(No. 961) Division of Water, Environment and Forestry Technology, CSIR 

It has become increasingly necessary to develop simple and 
visual methods for assessing the microbial water quality. The 
preferred methods should be simple so that they can be per­
formed by local communities without any special technical 
skills. The H,S strip test has been successfully used in small 
communities in South America for assessing the water qual­
ity. The H2S strip test causes the contaminated water to turn 
black, thus providing a very effective visual mechanism for 
illustrating bacterial contamination of water supplies. The 

II,S strip test provides a potentially effective method for use 
in South Africa for increasing the awareness of Environmen­
tal Health Officers (EHOs) and communities about potential 
health risks associated with the use of contaminated water. 

The main objectives of the research project are to test: 
• A novel H,S strip method for its suitability as a water qual­

ity indicator 
• The method for its suitability for detecting contamination 

of water supplies without the need to incubate samples at 
37°C 

• The H,S strip method as a field test kit for assessing the 
water quality of small community water supplies. 

Estimated cost: 
Expected term: 

R100 000 
1998 

Water-supply management for small 
communities: Development of expert-
systems-based decision-support software 
and a guidelines manual 
(No 962) Division of Water, Environment and Forestry Technology, CSIR 

World-wide, authorities involved in waste and water-
resource management are under pressure to provide more 
cost-effective services, involving more complex planning and 
operational activities. In South Africa, the problem of limit­
ed expertise in disciplines related to waste, water and the 
environment, makes it necessary to find ways and means of 
making information accessible to those who lack specialised 
training in waste and water-resource management. There is 
therefore a need to convert the relevant expertise into com­
puter-based management planning aids and educational 
tools. The proposed expert-systems-based decision-support 
software and a guidelines manual will provide information 
on the following: 
• Cost-effective water treatment options for small communi­

ties 
• Planning and design guidelines for cost-effective water 

supply systems. 
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A number of small springs which serve rural communities have been identified in various parts of KwaZulu-Natal and the Eastern Cape. 
The springs have been sampled to assess the quality of the water obtained from these spring systems, and flow-monitoring equipment 
has been installed. Local residents have joined the research team and are responsible for reading the f low gauges and rainfall in the 
catchment, as well as keeping a record of all activities which take place in the catchments. 



o 
fD < 
— 
O 

"O 
3" 

IQ 
n 
O 
3 
3 
c 

The main objectives of the research are to: 
• Collate existing expertise and information on cost-effective 

water treatment and supply for small communities 
• Collate existing expertise and information on practical 

measures to protect local water supplies from pollution, 
applicable to small communities 

- Establish decision-support guidelines and methodologies 
in the form of PC-based expert-systems applications as 
well as a guidelines handbook. 

The research output will include expert-systems-based soft­
ware and guidelines for decision-makers regarding cost-
effective treatment and management of local water supplies. 

Estimated cost: R500 000 
Expected term: ■ 1998-1 

educate people about water, sanitation and hygiene issues. 
This campaign will be launched in 1999. 

The main aims of this project are: 
• To develop education material for water and sanitation 

through: 
- a literature review 
- focus groups with the target audience 

• To pre-test all materials developed to assess the appropri­
ateness, clarity of messages, cultural acceptability and 
entertainment value. 

The results of this study will contribute towards the promo­
tion of health and hygiene awareness in South Africa. 

Estimated cost: R100 000 
Expected term: 1998 
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Continuous-flow airlift groundwater pump 
for rural applications 
(No 976) Stass Environmental 

In a preceding research project, the aims were to further 
develop and test a new pumping mechanism, utilising com­
pressed air as energy source; and to develop technology to 
utilise wind to drive a unit to provide the compressed air 
required to drive the pumping mechanism. An important 
condition was that the pumping mechanism and the energy 
storage technology should be such that it would provide an 
inexpensive groundwater abstraction system for use by 
informal settlements with an acceptable degree of reliability, 
capacity and efficiency. 

The prototype (pump and compressed-air unit) has been 
constructed and surface and initial subterranean tests have 
been completed. Although some modifications had to be 
made to enhance the robustness of the pump, and certain 
constructional improvements were necessary, the prototype 
performed with good results. 

The next phase is to prove the functionality of the pump­
ing mechanism and compressed-air energy source under a 
number of actual field conditions. These tests are to be pre­
ceded by the development of a design modification to pro­
vide for the possibility of the water source running dry. Six 
experimental installations serving actual informal settle­
ments are then to be commissioned to allow monitoring of 
its performance under these conditions. 

Estimated cost: 
Expected term: 

R262 000 
1998-1999 

Incorporation of water, sanitation, health and 
hygiene issues into Soul City, a multimedia 
edutainment vehicle 
(No 981) Soul City 

"Soul City" is a multimedia health care campaign which was 
initiated in 1992 with the aim of raising people's awareness 
of health-related issues. It utilises the concept of "edutain­
ment" which combines learning with entertainment. The 
multimedia edutainment vehicle consists of multilingual TV 
drama series, radio drama series, booklets with easy-to-read 
health information and education packages for adult basic 
education. 

Most development initiatives attempt to empower people 
through knowledge in order to enable them to make positive, 
informed decisions concerning their lives. Mass media are 
powerful communication tools that can be used to reach 
more people. "Soul City" is planning a campaign that will 

Development of a rapid capacity-building 
programme for management of water and 
waste services at district council and local 
authority levels 
(No 982) Institute for Development Planning and Research, University of 
Port Elizabeth 

One of the biggest threats to the sustainability of new com­
munity water supply schemes is the lack of capacity at both 
district council (DC) and local authority (LA) level especially 
in the Eastern Cape. Although the Water Services Act of 
1997 states that the DCs and LAs should be responsible for 
the delivery of services to their communities, presently most 
of these institutions do not have the necessary capacity to 
meet their obligations. It is therefore necessary to develop 
innovative ways of building the capacity of these institu­
tions so that they can deal with problems of water and waste 
in their areas of responsibility. The proposed rapid capacity-
building programme is conceptualised as a process where 
specific needs regarding training in service delivery and 
management are identified and addressed. This approach 
focuses on specific needs and problem areas and these are 
addressed immediately instead of using standardised train­
ing which may not be relevant to specific local needs. The 
main aims of the study are to: 
• Advise on the staffing levels and competencies required 

to perform the task efficiently 
• Determine the skills gap between the present skill level 

and competencies needed to fulfil the task effectively 
• Develop a rapid capacity-building programme and test 

its appropriateness for training service providers at DC 
and LA levels. 

Estimated cost: 
Expected term: 

R100 000 
1998 

Applicability of shallow sewer systems/ 
simplified sewerage systems for dense urban 
communities in South Africa - An economic 
and technical study 
(No 983) Palmer Development Group 

The level at which sanitation services are provided, and the 
arrangements for implementing the associated projects, are 
possibly the most debated and contentious issues in the field 
of urban service provision. On the one hand politicians and 
civic groupings are pushing for full water-borne sanitation. 
On the other there are economists and local government 
treasurers who see the high costs of such systems and the 
associated inability of many households and local authori-



ties to afford them. Yet there are options "in the middle" 
where lush systems can be used but at reasonable cost. 
These options need to be explored in order to make informa­
tion available on a full spectrum of sanitation options. 

One of these options, which is well referenced in the litera­
ture, is shallow sewerage and associated simplified sewerage 
systems. While this option appears to have merit, it has not 
been applied in South Africa and there remains insufficient 
understanding of how such a sanitation option could be 
applied in a typical project situation, whether for a new 
housing development or an in situ upgrade situation. 

Hence, this study aims to: 
• Review international literature on shallow sewerage sys­

tems, their international application and development 
• Evaluate case studies on implementation of this technolo­

gy and create links with institutes successfully implement­
ing this technology 

• Based on the above, determine its appropriateness for use 
in South African conditions, technical and social 

• Put a cost to the system if applied in South Africa, and 
compare this with other forms of sanitation and sewerage 
systems. 

Estimated cost: Rill 500 
Expected term: 1998 

Capacity-building and training needs of district 
councils and transitional rural councils in the 
management of community water and 
sanitation services in the Eastern Cape 
(No 991) Department of Development Studies, University of Fort Hare 

The newly established district councils (DCs) and transition­
al rural councils (TRCs) have a very important role to play in 
ensuring that rural water supply and sanitation schemes are 
sustainable. In the Eastern Cape and other rural areas, the 
DCs and TRCs are unable to meet their obligation of provid­
ing basic services to communities because they lack capacity 
to perform their tasks. 

A research project undertaken by the University of Fort 
Hare, has shown that almost 60% of non-functional bore­
holes in the Eastern Cape were due to broken infrastructure. 
This emphasises the importance of training rural communi­
ties to operate and maintain their water supply and sanita­
tion schemes. If this training component is neglected, the 
millions of rands invested by government in infrastructure 
projects would fail to achieve the objective of improving the 
quality of life for all South Africans. 

The specific objectives of this research project are: 
• To investigate the capacity-building needs of DCs and 

TRCs in order to empower them to play a meaningful role 
in the management of community water supply and sani­
tation schemes 

• To develop and promote appropriate training and capaci­
ty-building programmes for community-based develop­
ment in water supply and sanitation in the target areas 

• To develop a model for management of water supply and 
sanitation services at local level in rural communities 
with special reference to the Eastern Cape. 

Estimated cost: R209 000 
Expected term: 1998-2000 

R e s e a r c h p r o j e c t s 

Completed 
S K8/279 Evaluation of on-site sanitation from a socio-

economic perspective (Bernhardt Dunstan and Associates) 

H TT93/98 Dynamics of community non-compliance with 
basic water supply projects (Lynette Dreyer and Associates) 

■ 386 Development of a cross-flow microfilter for rural water 
supply (University of Natal - Department of Chemical 
Engineering, and Umgeni Water) 

S 521 Cost recovery for water schemes to developing urban 
communities: A comparison of different approaches in the 
Umgeni Water planning area (CSIR - Division of Water, 
Environment and Forestry Technology, and Umgeni Water -
Corporate Services) 

■ 649 Assessment of common problems associated with 
drinking-water disinfection in the developing areas (CSIR -
Division of Water, Environment and Forestry Technology) 

■ 677 Guidelines for the evaluation of water resources for 
rural development with an emphasis on groundwater 
(Rhodes University - Institute for Water Resources) 

B 684 Development of a community-based integrated 
catchment management programme with special reference 
to water supply and sanitation in the Ntshongweni 
catchment (University of Natal - Farmer Support Group) 

I I 708 Guidelines for the operation and maintenance of septic 
tank effluent drainage (STED) systems by communities in 
South Africa (CSIR - Division of Building Technology) 

■ 765 Evaluation of on-site sanitation systems for applicability 
in low-cost housing from a socio-economic perspective 
(Bernhardt Dunstan and Associates) (Confidential - no 
report) 

■ 876 A groundwater pump for use in informal settlements 
(Stass Environmental) 

Current 
S 346 Study of the relationship between hydrological 

processes and water quality characteristics in the developing 
Zululand coastal region (University of Zululand - Department 
of Hydrology) 

m 384 Water resources and sanitation systems sourcebook 
with special reference to KwaZulu-Natal (University of Natal 
- Department of Economics) 

M 435 Development of a training programme on community 
water supply management for village water committees 
(CSIR - Division of Water, Environment and Forestry 
Technology, and Appropriate Technology Information) 

M 514 Groundwater contamination as a result of Third-World 
type urbanisation (CSIR - Division of Water, Environment 
and Forestry Technology) 

H 520 Guidelines on appropriate technologies for water 
supply and sanitation in developing communities (CSIR -
Division of Water, Environment and Forestry Technology) 

■ 544 Determination of sludge build-up rates in septic tanks, 
biological digesters and pit latrines in South Africa (CSIR -
Division of Water, Environment and Forestry Technology) 
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586 Development of a decision support system for the 
selection of the most appropriate sanitation option for 
developing communities (Umgeni Water) 

598 Appropriate management of urban runoff in South 
Africa (University of the Witwatersrand - Water Systems 
Research Group and CSIR - Division of Water, Environment 
and Forestry Technology) 

599 Co-disposal and composting of septic tank and pit 
latrine sludges with municipal refuse (CSIR - Division of 
Water, Environment and Forestry Technology, and La Trobe 
Associates) 

603 Development of effective community water supply 
systems using deep and shallow-well handpumps (CSIR -
Division of Water, Environment and Forestry Technology) 

622 Rapid quantitative evaluation of water quality using 
a modified biological test - Phase 1 (University of the 
Witwatersrand - Department of Microbiology) 

631 Assignment of a financial cost to pollution from on-site 
sanitation, with particular reference to Gauteng (University 
of the Witwatersrand - Department of Civil Engineering) 

651 Appropriate low-cost sewage treatment using the 
advanced algal high-rate oxidation pond (Rhodes University 
- Department of Biochemistry and Microbiology) 

656 Appropriate low-cost treatment of sewage reticulated 
in saline water, using the algal high-rate oxidation ponding 
(AHROP) system (Rhodes University - Department of 
Biochemistry and Microbiology) 

670 Graded standards for landfilling in South Africa: 
Establishing appropriate affordable standards for 
disadvantaged communities (University of the 
Witwatersrand - Department of Civil Engineering) 

671 Fog collection as a supplementary water source for 
small rural communities (University of the North -
Department of Geography) 

685 Occurrence and survival of protozoan parasites in 
source water and drinking water used by unserved rural 
communities (CSIR - Division of Water, Environment and 
Forestry Technology) 

698 Land-based effluent disposal and use: Development of 
guidelines and expert-systems-based decision support (CSIR 
- Division of Water, Environment and Forestry Technology) 

709 Preparation of standard engineering drawings, 
specifications and guidelines for ventilated improved pit 
latrines in South Africa (CSIR - Division of Building 
Technology) 

710 Pilot study for the development of a GIS database on 
water and sanitation in South Africa (CSIR - Division of 
Water, Environment and Forestry Technology) 

712 Biological processes in on-site low-flush volume 
sanitation systems (CSIR - Division of Water, Environment 
and Forestry Technology) 

714 Socio-biological study of the aquatic resources and their 
utilisation in an underdeveloped rural region, the Mutshin-
dudi River catchment (University of Venda - Department of 
Zoology) 

715 Quantitative determination and removal of nitrogenous 
pollutants from natural waters (University of the Northwest 
- Department of Chemistry) 

724 Pollution of domestic water supply and health-related 
problems in the rural areas of the Molopo region of the 
Northwest Province (University of the Northwest -
Departments of Nursing Science, Chemistry and Agriculture) 

727 Effect of water supplies, handling and usage on water 
quality and quantity in relation to health indices in the 
Eastern Cape Province (Prowater Health) (University of Fort 
Hare - Department of Development Studies) 

734 Development of a strategy for disseminating 
information from the hydrogeological mapping programme 
to village water committees (Water Systems Management) 

738 Guidelines for the upgrading of existing rural water 
treatment plants (CSIR - Division of Water, Environment and 
Forestry Technology) 

743 Health impact of water-borne viruses and methods of 
control in high-risk communities (University of Pretoria -
Department of Medical Virology) 

764 Water supply to rural and peri-urban communities using 
membrane technology (University of Stellenbosch - Institute 
for Polymer Science) 

767 Sustainability and affordability of community-based 
integrated waste and wastewater management for dense, 
informal urban settlements (SRK (CE) Inc.) 

770 Handbook of water disinfection processes (CSIR -
Division of Water, Environment and Forestry Technology) 

771 Preparation of a booklet for new owners of sanitation 
systems that will contain the essential operation and 
maintenance requirements of sanitation systems (CSIR -
Division of Building Technology) 

772 Information booklet on drinking water for creating a 
greater awareness among the general public (CSIR - Division 
of Water, Environment and Forestry Technology) 

786 Application of visual settlement planning (ViSP) 
computer software in South Africa: Building the capacity of 
local communities in urban development (University of Cape 
Town - Department of Civil Engineering) 

792 Sustainability and affordability of community-based 
integrated waste and wastewater management for dense, 
informal urban settlements (McCracken Solar Stills Company 
(Pty) Ltd.) 

817 Development of strategies for empowerment of women 
in water supply and sanitation (CSIR - Division of Water, 
Environment and Forestry Technology) 

818 Development and evaluation of sanitary surveillance 
methods for rural communities' water supply and sanitation 
system maintenance (CSIR- Division of Water, Environment 
and Forestry Technology) 

819 Hygiene education to support water supply and 
sanitation interventions in developing communities (CSIR -
Division of Water, Environment and Forestry Technology) 

828 Field evaluation of alternative disinfection systems for 
small water supply schemes (CSIR - Division of Water, 
Environment and Forestry Technology) 

830 Level of communication between communities and 
engineers in the provision of engineering services (Philip 
Pybus CE) 



■ 837 Guidelines for the development of rural water supply 
schemes - Further development of a decision support 
system (Rhodes University - Institute for Water Research) 

M 859 Reliability of small spring water supply systems for 
community water supply projects, and the enhancement of 
flows from springs (CSIR - Division of Water, Environment 
and Forestry Technology) 

B 861 Development of guidelines for the management of rural 
groundwater resources (CSIR - Division of Water, 
Environment and Forestry Technology) 

B 875 Development of an appropriate, low-cost, solar-
powered Stirling motor for water pumping (Wagner Systems 
(Pty) Ltd.) 

B 880 Development of standards and mechanisms for quality 
management in the water and sanitation training sector 
(University of the North - National Community Water and 
Sanitation Training Institute) 

■ 885 Removal of nitrogen from ventilated improved pit 
latrines (VIP) systems by nitrification and denitrification 
processes (Technikon Pretoria and FRD) 

New 
S 886 Development of a framework for the calculation of a 

monthly tariff payable in stand-alone community water 
supply schemes (Mvula Trust) 

B 895 Case study of a management system for rural water 
supply: Matatiele district (Mattcomm) 

m 902 Fog water collection: Implementation of an operational 
prototype system (University of the North - Department of 
Geography) 

■ 925 Assessing the causes and pathways of water-borne 
disease in rural settlements with limited formal water supply 
and sanitation (Umgeni Water) 

S. 958 Institutional structure for the management of a rural 
water and sanitation supply scheme involving five local 
authorities (Association for Water and Rural Development 
(AWARD)) 

I I 959 Institutional arrangements and support facilities 
required for sustainable community water supply (Water 
Systems Management) 

a 960 Improving water use, sanitation practices and hygiene 
education for primary-school children in South Africa -
Phase II (University of the Western Cape - Public Health 
Programme) 

■ 961 A tool for assessing the microbial water quality in small 
community water supplies: An H2S strip test ( CSIR - Division 
of Water, Environment and Forestry Technology) 

■ 962 Water-supply management for small communities: 
Development of expert-systems-based decision-support 
software and a guidelines manual (CSIR - Division of Water, 
Environment and Forestry Technology) 

B 976 Continuous-flow air-lift groundwater pump for rural 
applications (Stass Environmental) 

■ 981 Incorporation of water, sanitation, health and hygiene 
issues into Soul City, a multimedia edutainment vehicle (Soul 
City) 

982 Development of a rapid capacity-building programme 
for management of water and waste services at district 
council and local authority levels (University of Port Elizabeth 
- Institute for Development Planning and Research) 

983 Applicability of shallow sewer systems/simplified 
sewerage systems for dense urban communities in South 
Africa - An economic and technical study (Palmer 
Development Group) 

991 Capacity-building and training needs of district councils 
and transitional rural councils in the management of 
community water and sanitation services in the Eastern 
Cape (University of Fort Hare - Department of Development 
Studies) 
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CONTACT PEHSONS 

11 Dr NP Mjoli (Sanitation and Microbiological Aspects) 
e-mail: nozi@wrc.org.za 

M Mr JN Bhagwan (Provision of Services) 
e-mail: jbhagwan@wrc.org.za 

m Dr SA Mitchell (Sanitation and Health Aspects) 
e-mail: steve@wrc.org.za 

m Mrs APM Oelofse (Health Aspects) 
e-mail: annatjie@wrc.org.za 

■ Dr IM Msibi (Water Treatment) 
e-mail: msibi@wrc.org.za 

•S (012)330-0340 

mailto:nozi@wrc.org.za
mailto:jbhagwan@wrc.org.za
mailto:steve@wrc.org.za
mailto:annatjie@wrc.org.za
mailto:msibi@wrc.org.za


Potable water supply 

The development, selection and optimisa­

tion of processes for the production of 

high-quality drinking water demands 

a sound balance between fundamental 

research on water treatment technologies 

and processes and the need for practically 

implementable solutions. 

■M«?./-:>':'~ , 

T he need for an improved phase-removal process for 
particles such as protozoan oocysts, which may not be inac­
tivated by chemical disinfection, has become more urgent. 
On the other hand there is the need to strengthen research 
into water treatment and supply for rural and peri-urban 
communities. One of the major challenges associated with 
small systems is sustainability. Problems such as lack of 
well-trained operators, maintenance and cost recovery have 
been experienced, with a number of installed small water 
treatment plants also not producing enough 'safe' drinking 
water. The following major research areas highlight the 
WRC's approach to acquiring the necessary knowledge and 
technologies. 

Water treatment and reclamation: This area of research 
deals with the development, improvement and selection of 
cost-effective plants and processes for the supply of drinking 
water which complies fully with the Department of Health's 
water quality guidelines. The research is guided by the 
Strategic Plan for Research on Potable Water Treatment in 
South Africa, which is currently under review. Evaluation of 
phase removal using particle size analysis is being recog­
nised as an important tool for analytical and process moni­
toring. Research in this area will lead to a more fundamental 
understanding of flocculation, settling and filtration 
processes. Investigations into the application of activated 
carbon and its regeneration in treatment plants, as well as 
other methods of removal of organics in water, are some of 
the research areas currently supported by the WRC. 

Drinking-water quality and health aspects: Water 
quality and safety are issues that increasingly attract the 
attention of public health authorities. Fresh challenges, 
such as the recent outbreak of cryptosporidiosis abroad, 
have highlighted that dependence on indicator organisms, 
namely coliforms, does not necessarily ensure water free 
from pathogens. The occurrence of Giardia and Cryptosporid-
ium raises similar concerns to those which troubled water 
supply authorities 150 years ago - when filtration and chlo-
rination were first introduced. The need for a better capabili­
ty to identify and characterise different pathogens that occur 
in South African waters has been identified. 
Rural and urban water supply: The supply of safe water, 
especially to small communities which are currently 
unserved, and problems associated with distribution of 
water to currently-served communities will continue to 
receive attention. Current studies on the management of 
potable water distribution systems have great potential to 
improve cost-effectiveness in providing water supply servic­
es. Of importance is the deterioration of water quality in 
reservoirs and during storage. Since changes affecting the 
microbiological quality of water are of great concern, the 
WRC is funding certain projects in this area. The develop­
ment of chemical and biological test kits for rural communi­
ties is also receiving attention. 



C o n i p l e t e d projects 

Development of procedures for the control of 
unaccounted-for water in water distribution 
systems and for the reduction of water loss 
(No 489) De Leuw Cather Inc. 

Unaccounted-for water (UAW) in South Africa is estimated 
to amount to about 20% of the urban and industrial 
demand. As 60% of UAW is believed to constitute actual 
water loss, the amount of water lost in water distribution 
systems throughout the country is possibly greater than the 
total demand of the largest cities, Johannesburg, Cape Town 
and Durban. If a practical limit of reduction of 50% over 
UAW is set and achieved, the annual saving of top class puri­
fied water would be more than 200 x 10'' m3. At only 50c 
per Id this amounts to some R100 m./yr. The project set out 
to create a set of procedures, with appropriate methodolo­
gies, to equip managers of water distribution systems to 
exercise proper control of UAW and thus reduce water loss­
es. The end-product of the research was a manual for use by 
local authorities. This manual deals with all aspects of UAW, 
giving guidance and recommendations on the formulation 
and implementation of systems for the effective control of 
UAW. 

Cost: Rl 600000 
Term: 1992-1996 

Guidelines for the treatment of Eastern 
and Southern Cape coloured water 
(No 534) Division of Water, Environment and Forestry Technology, CSIR 

A practical South African guideline for the treatment of 
highly coloured water has been produced for use by deci­
sion-makers, designers and plant personnel. In the southern 
coastal areas of South Africa, organically coloured surface 
waters are used as a main source for potable water supply. At 
the commencement of the research, the treatment of these 
coloured waters was to a great extent still empirical and little 
documented knowledge existed on the chemistry of the 
treatment process. 

During the study, a survey of existing plants treating 
coloured water was made. Based on problems experienced, 
opinions of various experts and bench-studies were 
required, and practical guidelines for the efficient treatment 
of these coloured waters were compiled. 

The guidelines address the following issues: 
• The selection of most suitable treatment configurations 

and unit treatment processes. 
• Chemical precipitation and phase separation processes for 

treatment of coloured water. 
• Design and operation of processes used in coloured-water 

treatment plants. 
• Problems with the treatment of coloured water and specif­

ic approaches for solving or remedying the problems. 

Cost: R382 000 
Term: 1994-1996 

Development of an Exxpress unit for 
the production of potable water and 
the dewatering of waterworks sludges 
(No 568) Scientific Services, Umgeni Water 

The tubular filter press unit (TFP) at HD Hill Waterworks has 
been in operation since 1987. During an evaluation of the 
unit for the application of dewatering waterworks sludges, it 

was found that there were significant weaknesses in the 
design, which caused tube blockages and other operating 
problems. These needed to be rectified in order to produce a 
marketable product. It was concluded that an important fac­
tor in the successful operation of the tubular filter press, 
would be the availability of a full-scale or pilot plant for 
experimental and developmental purposes, 

In meeting the objectives of the project, a vertical tubular 
filter press was designed and developed for the dewatering of 
waterworks sludges. The limitations of the previous design, 
especially those responsible for the tube blockages, were 
totally eliminated. Provided the process can operate without 
the use of rollers for sludge removal and tube cleaning, a 
reliable and inexpensive process has been developed. 

Cost: R545 000 
Term: 1993-1996 

Stabilisation of aggressive and corrosive waters 
(No 613) Division of Water, Environment and Forestry Technology, CSIR 

Approximately 40% of the surface waters in South Africa, 
and all the surface waters of Lesotho, characteristically have 
low calcium, alkalinity and carbonate species concentration. 
These characteristics render the water aggressive to 
asbestos-cement piping and corrosive to metal piping. The 
project was aimed at evaluating of the use of solid calcium 
carbonate (limestone) for water stabilisation, using both in­
line, smaller units (approximately 50 mVd) and a fluidised 
bed, larger unit (for users >500 mVd). 

Results obtained from the two small systems, i.e. one for 
groundwater stabilisation ("Spraystab") and the other for 
surface waters ("Presstab") show significant promise. These 
systems are cost-effective and can be used by all small water 
users. No other (practical) stabilisation systems currently 
exist for these users. A few such systems are already in use 
for borehole water, membrane permeate and soft surface 
water stabilisation and have drawn favourable comments. 
The larger system is not as cost-effective because of the 
expensive fluidised bed reactor involved and because this 
type of contactor dissolution system can never saturate the 
water stream completely with lime (which would require 
infinite contact time). However, although not mentioned in 
the report, the CSIR has patented a new side-stream system 
which is able to saturate and stabilise the water completely 
with limestone. Further development work on the side-
stream system is continuing with partial WRC funding. 

Cost: R129 900 
Term: 1993-1994 

Modelling the causes of algal blooms in 
impoundments of the Umgeni catchment and 
the consequences for potable water treatment 
(No 615) Scientific Services, Umgeni Water 

In this project, user-friendly models were developed relating 
algal abundance to important water quality variables, and 
further to the associated actual daily costs of water treat­
ment. In most cases, the models developed were related to 
algae that were known to adversely affect water treatment. 
The factors which most impacted on water treatment, and 
hence treatment costs, were determined at selected water­
works. Models were developed relating raw water quality 
entering respective waterworks to costs incurred in treating 
that water. It was found that lake water quality had a signifi­
cant impact on the treatment cost of water in each of the 
major waterworks examined. Within the range of the data 
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analysed, abiotic water quality factors generally affected 
water treatment more significantly than algae, except where 
potentially powerful taste- and odour-forming algae (princi­
pally Anabaena) were present. The model predicts actual 
costs quite well and can be easily applied in simulation exer­
cises. Although the study was done in the Umgeni catch­
ment, the methodology used may now be employed fairly 
easily by other water authorities in other catchments. 

Cost: 
Term: 

R293 000 
1994-1996 

Enhanced coagulation for the removal 
of disinfection by-product precursors 
(No 773) Scientific Services, Umgeni Water 

The project was aimed at investigating, and providing some 
guidelines, on the use of enhanced coagulation in potable 
water treatment. In general, conventional coagulation is 
denned by the conditions that lead to optimal turbidity 
removal using coagulant alone, while enhanced coagulation 
is defined by the conditions that lead to optimal natural 
organic matter or disinfection by-products removal using a 
coagulant (usually inorganic, metal coagulants) with or 
without acid addition. 

The results obtained from this project are extremely 
encouraging. This is because they show that, when used cor­
rectly, generally-available and affordable metal coagulants 
come fairly close to achieving the same treatment efficien­
cies in terms of organics removal (except for taste, odour and 
pesticides) than much more expensive processes such as 
activated carbon treatment and ozonation of the water. 
Since taste, odour and pesticide problems are not widespread 
and are only infrequently encountered, the findings and 
guidelines presented in this report can be very useful for 
water suppliers who might have neither the technical per­
sonnel and know-how, nor the money, to implement activat­
ed carbon or ozone treatment in their waterworks. 

Cost: 
Term: 

R60 000 
1996-1998 

In situ calibration of large water meters 
(No 871) Stewart Scott (CE) Inc. 

The Water Services Act, Act 108 of 1997, makes it a 
requirement that all water service providers conduct annual 
water audits and determine the need for water conservation 
measures and active leakage management. A vital factor in 
carrying out these measures, is the accuracy of the water 
meters. The accuracy of water meters deteriorates with age 
and leads to errors in the measurement of water use. Meters 
may also behave accurately under ideal conditions but have 
reduced accuracy when installed on-site. Resulting errors 
contribute towards unaccounted-for water (UAW) and give a 
very distorted picture of a water service provider's consump­
tion figures. Inaccuracy also greatly impacts on the revenue 
of the water services provider. 

The aim of this study was to establish a flow reference 
standard, acceptable to the Director of Trade and Metrology, 
for the cost-effective in situ calibration of large water meters. 
This would enable the accuracy of permanently installed 
water meters to be compared periodically against the stan­
dard to ensure that meters remain within the prescribed 
limits of accuracy. 

Results of this research indicated that the method estab­
lished for in situ calibration of large water meters can 

achieve accuracies that comply with required standards. 
However, practical limitations of the meters' performance 
and the limitations of the hydraulic system in which they 
are installed could restrict the flow range over which meters 
can be tested or calibrated. It was recommended that the 
flow reference standard, consisting of insertion flow meter 
measurements, a velocity-area method and a velocity-profile 
function as detailed in the report, be adopted as an accepted 
test method for the in situ calibration of large water meters. 

Estimated cost: R100 000 
Estimated term: 1997 

■Hew p r o j e c t s 

Economic model for leakage management 
(No 898) BKS (Pty) Ltd. 

A difficulty with active leakage control is that it is often not 
clear how often the water services provider should scan an 
area for unreported leaks. In some cases once every two 
years is sufficient and in other cases once every six months is 
desirable. This frequency has serious financial implications 
for water service providers. 

The aim of the project is to develop a user-friendly com­
puter-based program to enable water suppliers and munici­
palities to evaluate the need for, and value of, active leakage 
control. It is envisaged that the the proposed software will set 
out the various costs associated with active leakage control. 
Using the software, the water supplier will be able to derive 
various economic indicators from which the optimum cycle 
for active leakage control for a specific area could be deter­
mined. The program will, furthermore, enable various possi­
ble scenarios to be tested to determine the financial implica­
tions of the different leakage detection and control options. 

The proposed program will combine with the background 
night flows program, already under development for the 
WRC, to provide a set of tools to assist water suppliers to 
address difficult questions relating to leakage and leakage 
management. 

Estimated cost: R197 000 
Estimated term: 1998-1999 

Optimisation of an automatic backwashing 
filter for the cost-effective production of 
potable water for rural areas 
(No 919) Scientific Services, Umgeni Water 

The choice and complexity of a water treatment process for 
potable water production is influenced by the water quality, 
water quantity, physical location and the availability of 
resources for operation and maintenance, and not necessari­
ly by the capacity of the plant. The smaller plants generally 
used in smaller isolated communities, remain under pres­
sure to reduce both capital and operating cost. The chal­
lenge to designers is therefore the provision of low-cost, low-
maintenance plants without compromising performance. 
Processes must be simple so as not to require highly skilled 
operators. 

It is against this background that the automatic back-
washing gravity filter will be evaluated as it has no internal 
moving parts, requires no operator intervention, no electric­
ity, can accommodate a wide choice of filtration media and 
is suitable for gravity-powered chemical dosing systems. The 
objectives of this project are to: 
• Assess the suitability of a proprietary automatic back-



washing filter for inclusion in low-maintenance treatment 
processes for potable water production from surface 
waters and the removal of iron and manganese from 
groundwater supplies 

• Propose, where necessary, design modifications aimed at 
improving the reliability and reducing the capital costs of 
such an automatic backwashing filter 

• Propose specific operating rules by which the unit should 
be operated and maintained and to prescribe minimum 
levels of operator supervision. 

Estimated cost: R138 000 
Expected term: 1998-1999 

Evaluation of a filter wash-water recovery plant 
to establish guidelines for design and future 
operation 
(No 920) Scientific Services, Rand Water 

Filter wash-water contains high concentrations of impuri­
ties which originate from raw water sources. In most water 
purification plants this water is returned to the beginning of 
the process for re-treatment. The impurities are mainly sus­
pended matter but can also include micro-organisms, algae 
and taste- and odour-causing substances. Pathogenic micro­
organisms such as Giardia and Cryptosporidium are known to 
pass through conventional treatment processes under cer­
tain conditions and to resist disinfection by conventional 
means. The disadvantage of recycling filter wash-water back 
to the head of the process is that the above micro-organisms 
can be concentrated in the system. 

The aims of the project are to establish guidelines for the 
design and future operation of filter wash-water recovery 
plants with emphasis on the following: 
• Removal of suspended matter 
• Removal of pathogenic bacteria 
• Removal of taste- and odour-causing compounds and 

algae 
• Establishment of design and treatment requirements 

and operational procedures to produce water of potable 
quality. 

Estimated cost: R214 000 
Expected term: 1998-1999 

Water quality deterioration in potable water 
reservoirs relative to chlorine decay 
(No 921) Scientific Services, Rand Water 

A recent study, The prediction of chlorine decay from 
potable water in pipeline systems (WRC project No 
704), showed that once the nth-order kinetic constants for a 
particular water sample have been determined, the rate of 
chlorine decay in a pipeline can be determined accurately. It 
is often found that bacteriological quality of the water dete­
riorates significantly after the water has passed through a 
reservoir. In reservoirs, this may be caused by stagnant 
water pockets, stratification, long residence time and sedi­
mentation, whilst in pipelines, the situation is different. 
Therefore a knowledge of the residence time distribution 
(RTD), the kinetics of bulk chlorine losses, chlorine demand 
of the water as well as chlorine losses to the atmosphere will 
allow one to calculate the amount of chlorine which should 
be dosed. It will also provide information on the require­
ments for additional dosing at the exit of the reservoir. 

The aims of the project are to: 
• Characterise the flow patterns in a reservoir in terms of 

residence time distribution 

• Relate chlorine losses in terms of the water age (based on 
RTD-values and kinetic models) 

• Account for chlorine losses to the wall (including bottom) 
effects 

• Account for atmospheric losses 
• Relate the bacteriological quality of the water to the levels 

of chlorine in the reservoirs 
• Compare the bacteriostatic effect of monochloramine and 

free residual chlorine in reservoirs. 

Estimated cost: R168 000 
Expectedterm: 1998-1999 

STASOFT IV - A user-friendly computer program 
for use in the treatment of municipal water 
supplies 
(No 922) Department of Civil Engineering, University of Cape Town 

The original STASOFT (III) was developed for the WRC in 
1989, and is used in South Africa for calculations involving 
pH control and mineral (CaC03 and Mg(OH2)) precipitation 
and dissolution and gas (C02) interaction between water 
bodies and the air. The demand and expectation for much 
higher standards of user-friendliness, ease of learning and 
consistency of action among users of computer software has 
increased. For example, facilities offered by the Windows 
operating system were not available at the time the current 
STASOFT program was developed. 

It is therefore proposed to bring STASOFT up to modern 
standards, whilst incorporating the following improvements: 
• Consolidation on one display screen of the original, treat­

ed and equilibrated water compositions - immediate 
recomputation and redisplay 

• Increased number of treatment options to address pH 
control in such processes as coagulation/flocculation/ 
disinfection 

• Elimination of 'bugs' and other shortcomings. 
The aims of this project are to produce an upgrade of the 
existing computer program STASOFT (III) to be called 
STASOFT (IV) so that: 
• The program can be more easily used by design engineers 

and chemists working in the water field 
• The capabilities of the existing program are extended to 

more facets of water treatment unit processes - in 
particular to the coagulation/flocculation/disinfection 
processes. 

Estimated cost: R156 000 
Expected term: 1998-1999 

Supercritical fluid regeneration of activated 
carbon applicable to water fraternity 
(No 923) Centre for Separation Technology, Potchefstroom University 

Activated carbon is very efficient and relatively cost-effective 
in the removal of toxic substances at very low concentra­
tions in drinking water. For economic reasons, the use of 
activated carbon is limited. Regenerating activated carbon 
by desorption of adsorbed substances can effectively lower 
the costs through reuse. Existing methods of regeneration 
have inherent drawbacks such as loss of efficiency, deterio­
ration of carbon in successive thermal regenerations, high 
cost of reagents and environmental pollution. It is therefore 
necessary to develop new methods for regeneration. Super­
critical carbon dioxide (sc-C02) is capable of extracting a 
broad spectrum of substances from carbon surfaces, trap­
ping the substances with ease on depressurising the fluid 
and possibly having several cycles of successive regeneration 
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Research into systems for the abstraction of surface wa._. 
through river sand-beds. Side view of the model unit (Project 
No 829). 

without ill-effect on the activated carbon and the environ­
ment. A feasibility study on the sc-CO, regeneration of gran­
ular activated carbon (GAC) supplied by Eskom on the basis 
of a few similar studies is underway. Already there are indi­
cations of recoveries up to 75% of the adsorbing capacity of 
the unused activated carbon. 

The aims of the project include the following: 
• To exploit, optimise and upscale promising first results 

obtained for the sc-CO, regeneration of spent activated 
carbon 

• To assist industries having specific water quality require­
ments, such as Eskom, to effect faster, more efficient and 
more cost-effective regeneration of activated carbon used 
in filters 

• To attempt a unique application of supercritical fluid 
technology. 

Estimated cost: 
Expected term: 

R125 000 
1998-1999 

Characterisation and chemical removal of 
organic matter in South African coloured 
surface waters 
(No 924) Chris Swartz Engineering 

Considerable work on the characterisation of organic matter 
in coloured waters has been done overseas. However, a study 
carried out at the University of Cape Town showed that 
South African coloured waters have considerably higher 
colour levels than those studied overseas. The results of nat­
ural organic matter characterisation performed overseas 
cannot therefore be applied directly. 

The objective of the project is to characterise the natural 
organic matter in South African coloured surface waters 
and to develop operational coagulation diagrams for the 
removal of the organic matter. This will improve the effec­
tiveness and cost-efficiency of treatment of these coloured 
waters. The aims are as follows: 
• Establishment of a coloured water characterisation and 

classification approach 

Characterisation of the natural organic matter 
Classification of coloured waters 
Tests on performance of bench-scale coagulation 
Application of characterisation data and coagulation 
diagrams 
Drafting of a manual on the treatment of South African 
coloured surface waters. 

Estimated cost: 
Expected term: 

R317 000 
1998-2000 

Water meters: Influence of various fittings 
and installation configurations on accuracy 
(No 948) SABS 

In the past much work has been done with regard to meter 
specifications and the correct test procedures. At present it is 
well known how water meters perform on the test bench but 
little is known about how installation practice and the use of 
various fittings affect the accuracy of the meters in the field. 
Local small contractors are often employed on government-
sponsored community water-supply schemes. In many cases 
these contractors pre-assemble and install water meters, but 
have insufficient knowledge of the selection of the correct 
fittings and installation procedures. 

With the new National Water Supply Regulations requir­
ing proper water audits and the pending Code of Practice for 
Unaccounted-for Water within Distribution Systems, it is 
absolutely essential to know the effect on accuracy of fittings 
used for the installation of water meters. This will enable 
municipalities and contractors to be advised on the correct 
procedures, and at a later stage, the Code of Practice to be 
updated accordingly. 

The project aims to: 
• Establish proper reference values for various fittings cur­

rently used by meter manufactures in order to establish 
pressure drop across a meter installation 

• Determine the influences of these fittings on the accuracy 
of the water meter 

• Determine the effect of the use of non-standard fittings 
and various installation configurations on the accuracy 
of the meter 

• Develop guidelines for correct installation. 

Estimated cost: 
Expected term: 

R250 000 
1998 

Trouble-shooting guide for the domestic 
consumer 
(No 963) Scientific Services, Rand Water 

Water suppliers commonly receive an assortment of queries 
and complaints from consumers concerned about the safety 
of water. Many of these arise from unsubstantiated rumours 
or even misinformation spread by parties with various vest­
ed interests. Having secure and reliable information readily 
at hand in pre-packaged form could assist in dissipating 
damaging effects of the popular speculation that every so 
often seeps through the community. It would be possible to 
compile information by analysing a database of typical 
queries and appropriate answers developed by a multi-
disciplinary team of scientists and sociologists. Furthermore, 
the effective dissemination of information pertaining to 
frequently asked questions (FAQs) through, for example, a 
workbook in calendar format appropriate to a kitchen wall, 
a simple pamphlet, a website, a CD-ROM, etc., could be 
investigated. 



This project aims to: 
• Collect and collate questions about perceived problems 

that they may encounter with drinking water in South 
Africa 

• Present these FAQs and the answers in an easily compre­
hensible form 

• Propose different ways of disseminating this information 
to the public. 

Estimated cost: RUO 000 
Expected term: 1998 

Benchmarks and cost parameters in water 
and wastewater treatment 
(No 984) Philip Pybus(CE) 

South Africa is entering a phase of massive infrastructure 
expansion, particularly in the provision of water supply and 
sanitation services. This will entail the design, construction 
and operation of a very great number of works, large and 
small, and for both potable supplies as well as for wastewater 
treatment. It is important that the questions of cost and 
effectiveness of performance are approached conscientiously 
and consistently so that the parties involved can benchmark 
what they are doing and so make their designs and opera­
tions fully competitive and operationally cost-effective. An 
additional feature of this expansion is the establishment of 
new local authorities and water boards. 

The aim of the research will be to ascertain from the local 
authorities, designers and water boards the nature and 
extent to which they benchmark their activities. In the event 
that they are already doing so, it should be established which 
activities and parameters they benchmark, with whom and 
how frequently. Finally it would have to be established to 
what extent they would benchmark in the future, given a 
suitable methodology to follow and what benefits they would 
expect to gain. 

The findings of this study will prove valuable for the moti­
vation and extent of future research on this subject. It will 
also identify the specific needs of the sector in moving 
towards a national benchmarking strategy. 

Estimated cost: R 40 000 
Expected term: 1998 

Research pro jec ts 

Completed 
S 489 Development of procedures for the control of 

unaccounted-for water in water distribution systems and for 
the reduction of water loss ( De Leuw Cather Inc.) 

■ 534 Guidelines for the treatment of Eastern and Southern 
Cape coloured water (CSIR - Division of Water, Environment 
and Forestry Technology) 

B 568 Development of an Exxpress unit for the production of 
potable water and the dewatering of waterworks sludges 
(Umgeni Water - Scientific Services) 

S 613 Stabilisation of aggressive and corrosive waters (CSIR -
Division of Water, Environment and Forestry Technology) 

m 615 Modelling the causes of algal blooms in impoundments 
of the Umgeni catchment and the consequences for potable 
water treatment (Umgeni Water - Scientific Services) 

a 773 Enhanced coagulation for the removal of disinfection 
by-product precursors (Umgeni Water - Scientific Services) 

■ 871 In situ calibration of large water meters (Stewart Scott 
(CE) Inc.) 

Current 
■ 280 Evaluation of full-scale flotation-filtration and chlorine 

dioxide plants (Orange Free State Gold Fields Water Board) 

S. 358 Development of guidelines for toxicity bioassaying of 
drinking and environmental waters in South Africa (CSIR -
Division of Water, Environment and Forestry Technology) 

S 363 Development and evaluation of small-scale potable 
water treatment equipment (University of Natal -
Department of Chemical Engineering and Umgeni Water -
Scientific Services) 

■ 381 Corrosion performance of various non-metallic piping 
materials and coatings in potable water (CSIR - Division of 
Materials, Sciences and Technology) 

■ 383 Holistic approach to affordable planning and 
maintenance of water and sewer systems (Water 
Management Services) 

B 446 Ozonation in the production of potable water from 
polluted surface water (University of Pretoria - Department 
of Chemical Engineering, Division of Water Utilisation 
Engineering and Rand Water - Scientific Services) 

S 470 Application of health risk assessment techniques to 
microbial monitoring data (CSIR - Division of Water, 
Environment and Forestry Technology) 

M 541 Bio-degradable organic compounds and microbial 
regrowth in drinking water (Rand Water) 

■ 567 Occurrence and distribution of algal species and related 
substances in a full-scale water purification plant (University 
of the Orange Free State - Department of Botany and 
Genetics) 

S 587 Evaluation of water pipe leaks in the Johannesburg 
municipal area (CSIR - Division of Materials, Sciences and 
Technology) 
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611 Development of procedures for bio-degradability testing 
of organic chemical compounds (CSIR - Division of Water, 
Environment and Forestry Technology) 

628 Leak detection from municipal mains water systems in 
the PWV area using environmental isotopes (University of 
the Witwatersrand - Schonland Research Centre for Nuclear 
Sciences) 

648 Application of computational fluid dynamics to 
improving the design and operation of water and waste-
water treatment plants (University of Natal - Department of 
Chemical Engineering) 

679 Compilation of a computerised, diagnostic system for 
algal-related water purification problems (Rand Water-
Scientific Services) 

662 Evaluation and optimisation of a cross-flow microfilter 
for the production of potable water (University of Natal -
Pollution Research Group) 

694 Treatment of eutrophic waters using pre- and 
intermediate ozonation, peroxone and Pica carbon (Umgeni 
Water - Scientific Services) 

737 Additional treatment requirements of water abstracted 
from the Vaal River system following the importation of 
Lesotho Highland water (Rand Water- Scientific Services) 

741 Enteropathogens in water; rapid detection techniques, 
occurrence in South African waters and the evaluation of 
epidemic risks (health related) (CSIR - Division of Water, 
Environment and Forestry Technology) 

742 Qualitative and quantitative evaluation of oestrogen 
and oestrogen-mimicking substances in the water 
environment (Rand Water - Scientific Services) 

779 Use of chloramination and sodium silicates to inhibit 
corrosion in mild steel pipelines (Rand Water - Scientific 
Services) 

787 Production of a corrosion brochure for local authorities 
(CSIR - Division of Materials, Sciences and Technology) 

803 Development of a standardised approach to evaluate 
burst and background losses in water distribution systems in 
South Africa (BKS Inc. -Water Resources Department) 

825 Preparation and testing of kits for the detection and 
quantification by developing countries of Cryptosporidium 
oocysts and Giardia cysts in water supplies (Umgeni Water -
Scientific Services and University of Natal - Department of 
Microbiology and Plant Pathology) 

829 Systems for the abstraction of surface water through 
river sand-beds (Chunnett, Fourie and Partners (CE)) 

831 Development and implementation of gas and liquid 
chromatographic organic water profiles as a management 
tool (Rand Water - Scientific Services) 

832 Application and efficiency of "mixed oxidants" for the 
treatment of drinking water (Rand Water - Scientific 
Services) 

833 Measurement of COD (organics) in drinking waters and 
tertiary effluents (University of Cape Town - Department of 
Civil Engineering, Water Quality Group) 

834 Photocatalytic purification of drinking water (University 
of Stellenbosch - Chemistry Department) 

836 Evaluation and development of physical water 
treatment processes for the reduction of scale in heating 
and cooling circuits (Rand Afrikaans University -
Departments of Chemistry and Mechanical Engineering) 

872 Design and analysis package for air saturation systems 
used in dissolved air flotation (Rand Afrikaans University -
Department of Civil Engineering) 

873 Chemical and microbiological evaluation of the 
performance of commercially available home treatment 
devices (Rand Water - Scientific Services) 

New 
898 Economic model for leakage management (BKS (Pty) 
Ltd.) 

919 Optimisation of an automatic backwashing filter for the 
cost-effective production of potable water for rural areas 
(University of Natal - Dept of Civil Engineering and Umgeni 
Water - Scientific Services) 

920 Evaluation of a filter washwater recovery plant to 
establish guidelines for design and future operation (Rand 
Water - Scientific Services) 

921 Water quality deterioration in potable water reservoirs 
relative to chlorine decay (Rand Water - Scientific Services) 

922 STASOFT IV - A user-friendly computer program for use 
in the treatment of municipal water supplies (University of 
Cape Town - Department of Civil Engineering) 

923 Supercritical fluid regeneration of activated carbon 
applicable to water fraternity (Potchefstroom University -
Centre for Separation Technology) 

924 Characterisation and chemical removal of organic 
matter in South African coloured surface waters (Chris 
Swartz Engineering) 

948 Water meters: Influence of various fittings and 
installation configurations on accuracy (SABS) 

963 Trouble-shooting guide for the domestic consumer 
(Rand Water - Scientific Services) 

984 Benchmarks and cost parameters in water and 
wastewater treatment (Philip Pybus (CE)) 

CONTACT PERSONS 

■ Dr IM Msibi (Water Treatment and Reclamation) 
e-mail: msibi@wrc.org.za 

H Dr G Offringa (Membrane Applications) 
e-mail: offringa@wrc.org.za 

S Mrs APM Oelofse (Drinking-water Quality 
and Health Aspects) 
e-mail: annatjie@wrc.org.za 

S Mr JN Bhagwan (Water Supply, Water Loss 
Management and Corrosion) 
e-mail: jbhagwan@wrc.org.za 

B Dr SA Mitchell (Bioassaying) 
e-mail: steve@wrc.org.za 

"S1 (012)330-0340 

mailto:msibi@wrc.org.za
mailto:offringa@wrc.org.za
mailto:annatjie@wrc.org.za
mailto:jbhagwan@wrc.org.za
mailto:steve@wrc.org.za
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In response to changing social needs, 

research sponsored by the WRC into 

the collection, treatment and disposal 

of domestic sewage has in recent years 

been divided between the research needs 

for centralised service agencies such as 

municipalities (managing wastewater 

from established urban areas) and the 

research needs for developing peri-

urban communities. 

he research priorities in these two (sometimes over­
lapping) broad fields are summarised in their respective 
"master plans for future research". Current concerns 
regarding sanitation research for developing communities 
are dealt with in Developing Communities: Water Sup­
ply and Sanitation, and are not considered further here. 
Research priorities for municipal wastewater management 
in this section were identified in consultation with the Co­
ordinating Committee for Municipal Wastewater Manage­
ment (CCMWM) and are described briefly in the following 
subsections dealing respectively with municipal wastewaters 
and sludges. 

Sewage purification 
In reviewing the primary goals identified in the research 
plan for municipal wastewater management in the context 
of current needs and activities in the RSA in this field, it is 
important to note that, firstly, municipal sewage works 
receive significant quantities of industrial discharges as well 
as domestic sewage, and that, secondly, the treated waste-
water discharged (generally to rivers, except in some coastal 
areas) constitutes a significant proportion of the dry weath­
er flow in some rivers. In the water-scarce RSA situation, 
these flows are subsequently often abstracted, stored (short-
term) or impounded (longer-term) for further treatment and 
reuse. The discharge quality of the treated municipal waste-
water is thus strategically significant, and this dictates the 
technological and management (including human resource) 
research needs. 

The discharge of industrial effluents to municipal works 
for biological co-treatment with sewage adds various chal­
lenges to meeting the requisite treatment standards, includ­
ing potential inhibition or toxicity of some components, 
slower or lesser biodegradability of some organic fractions 

(all COD is not equal), imbalances between available carbon 
and nutrient loads (leading in some cases to nutrient defi­
ciency and in others to a high demand for nutrient removal). 
the accumulation of metals in biological sludges, and vari­
ous other operating factors. Generally, research carried out 
to date has provided at least partial solutions to many of 
these problem areas. 

Sewage sludge treatment and disposal 
Improved sludge handling and utilisation is Primary Goal 2 
in the strategic research plan in this field. Several of the 
"problem areas" identified stem from the presence of con­
stituents of industrial origin, as indicated above for sewage 
purification. In this respect, the source reduction initiatives 
in the Industrial Water Management portfolio will, when 
implemented, assist in reducing pollutant loads such as high 
metal concentrations which currently accumulate in waste-
water sludges. In 199 7, the WRC published a collaborative 
guide for Permissible Utilisation and Disposal of Sewage Sludge 
(edn. 1) (WRC Report No TT 85/97). Feedback from sewage 
treatment plant operators indicates that in practice there are 
difficulties in meeting the proposed requirements, indicating 
that there is a need for on-going consultation and review of 
the application of the guidelines. 

Completed, current and new projects in sewage sludge 
treatment and disposal as listed indicate the active research 
areas, which include the use of municipal wastewater 
sludges as a resource. Examples are accelerated bio-hydroly­
sis of sewage sludges to provide a sustainable carbon source 
for biological sulphate reduction processes applied to the 
treatment of acid mine drainage waters and other industrial 
effluents, the use of waste activated sludge as a bio-sorbent 
for metal removal from wastewaters, and the use of waste-
water bio-mass to increase the rate of phosphate removal 
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from wastewaters. As can be seen from this brief outline, 
ongoing research is directed not only at the destructive dis­
posal of wastewater sludges, but also at their beneficial use 
in various innovative applications. 

C o m p l e t e d p r o j e c t s 

Aspects of sewage sludge treatment 
and disposal 
(No 316) Greater Johannesburg Metropolitan Council (GJMC) 

Sludge disposal is a world-wide problem and is rapidly 
assuming major proportions in the larger cities of South 
Africa. It is estimated that the daily sludge production from 
Johannesburg plants is expected to reach 500 dry t/d by 
2015. A number of options for the safe disposal of sludge 
are available, such as composting, co-disposal of sludge with 
household refuse in landfills, disposal on sacrificial land and 
lawn sod farming. Optimisation of the available processes 
and evaluation of the cost benefits associated with these 
options are essential to allow the formulation of a long-term 
sludge disposal policy. These investigations will include mon­
itoring the effects of the application of composted sludge on 
agricultural land, particularly with respect to heavy metal 
content. In this latter regard, investigations into regulating 
the discharge of metals to the sewer have also been initiated. 

A number of final disposal options for sludge disposal 
were evaluated, and four options were accepted: 
• Co-disposal with domestic waste in a landfill 
• Disposal to sacrificial land 
• Composting 
• Incineration. 
Neither incineration nor disposal to sacrificial land were 
investigated further within this project. Composting showed 
the most promise. Experimental work revealed that it was 
possible to predictably achieve temperatures of over 65 to 
70°C in compost heaps, thus ensuring a consistently disin­
fected product. The compost significantly enhanced crop or 
veld grass production (by 50 to 60% over controls). Concern 
over the contamination of the sludge by heavy metals and 
organics led to a reassessment of the tariff structure which 
the GJMC used on industrial effluents and also to investigate 
the option of tankering these effluents to a central treatment 
site. 

The second part was aimed at assessing the amount of oil 
and fat in sewage sludge. A number of determinations 
showed a value of only 0.5 to 1%. These values are based on 
multiple Soxhlet extractions and are lower than expected 
compared with published data of up to 5%. It is possible that 
the Soxhlet extraction is not suitable for determination of 
fat, oil and grease in samples with such high solids concen­
trations. 

The third part was aimed at studying the feasibility of oil 
production by pyrolysis of sewage sludge and to study dis­
posal options for residues. The main findings were that about 
3 5 to 40% of the dry sludge mass of waste activated sludge 
could be converted into an oil with a high calorific value -
probably well suited for use as a fuel oil. Another 5% was lost 
as a non-condensable gas (at room temperature). The 
residue was tested for its potential as an adsorbent and 
found to approach granular activated carbon in its efficiency 
to adsorb methylene blue. This might find application in pol­
ishing secondary effluents after recovery of fuels. 

Cost: 
Term: 

R13 000 
1991-1996 

Refinement of design parameters for sludge 
thickening by dissolved air flotation 
(No 556) Laboratory for Energy, Rand Afrikaans University 

Published surveys of full-scale dissolved air flotation thick­
ening plants show wide scatter in performance and also with 
regard to certain critical design parameters, such as the 
shape and size of the contact zone, the velocity and design of 
the sludge-scraping mechanism, air supply and chemical 
dosing. These aspects were investigated more closely in this 
project. 

In spite of the high variability of the sewage sludges and 
plants studied, useful results were obtained. A primary find­
ing of the study is that three of the five plants surveyed, do 
not allow the float layer to accumulate sufficiently to ade­
quately allow the drainage of water from the float layer 
above the water level, and to provide enough stability to pro­
tect the float layer from being destabilised by the sludge 
scrapers. This results in the less than optimum sludge dry-
ness and increased suspended solids values in the effluent 
from the plants. Previously developed models for the thick­
ening of sludge by flotation were also investigated and com­
mented upon. 

Cost: 
Term: 

R342 000 
1990-1994 

Cost: 
Term: 

R75000 
1993-1994 

Fats and oils in effluents 
(No 408) Division of Water Utilisation Engineering, Department of Chemical 
Engineering, University of Pretoria 

Levels of fats and oils in sewage in South African waste-
waters are still unquantified. It also has a distinct value, and 
better wastewater purification practices may lead to better 
resource utilisation. More effective fat separation at sewage 
treatment plants before secondary treatment may have eco­
nomic advantages. The above formed the basis for this proj­
ect. 

The first part of the investigation was aimed at obtaining 
an appreciation of oil, fat and grease problems in sewage. 
Questionnaires to local authorities revealed that with one 
minor exception, it is not seen as a major problem except for 
occasional spills or unlawful releases by service stations. 
Strict controls could therefore limit the extent of the prob­
lem. 

Laboratory- and pilot-plant bioreactor 
development for remediation of metal-
contaminated wastewater using activated 
sludge as biosorbent 
(No 688) Department of Biotechnology, Technikon Natal 

The phenomenon of bioadsorption of metals by activated 
sludge has been well documented in the literature, both as a 
treatment process for removing metals and as a problem of 
metal contamination in sludges to be disposed of to landfill. 
The work carried out in this project covered three major 
areas, viz.: 
• Laboratory-scale development and optimisation of vari­

ous bioadsorption options using waste activated sludge 
(WAS) for treating industrial metal-containing effluents 

• Conceptual design of a pilot-scale bioreactor, excluding 
desorption of the resulting metal-enriched sludge 



• A preliminary costing of bioadsorption of metals using 
WAS compared to conventional physico-chemical precipi­
tation and "hi-tech" adsorption options available com­
mercially. 

The major conclusion reached was that, on a cost basis, 
bioadsorption by WAS and commercial disposal of the 
metal-enriched sludge was significantly more expensive 
than other options available. The major cost factors were 
transportation of the WAS (55%) and disposal of the result­
ant metal-enriched sludge (38%). Desorption using mineral 
acids or sodium chloride resulted in a metal-concentrate of 
approximately one-third the volume of the original effluent 
with a relatively high concentration of organic suspended 
solids and the almost total de-activation of the WAS. Con­
struction and operation of a pilot plant on site at a metal-
plating company were not considered to be justified at this 
stage of the research. 

It was concluded that, to make the process more competi­
tive, the specific uptake rate (mg/g) needed to be increased 
and the desorption cycle needed to be optimised. If the basic 
process viability/potential could be improved, other tech­
niques e.g. membrane processes could then be considered 
for further concentration and recovery of metals from the 
desorbing eluate, with the cost-attractiveness then depend­
ing on the particular metal concerned. 

Cost: 
Term: 

R175 400 
1995-1997 

Calibration of open-channel flow-measuring 
systems using laboratory-calibrated velocity-
head electronic measuring instruments, and 
by applying the continuity principle 
(No 707) East Rand Water Care Company (ERWAT) through Sigma Beta (CE) 

During 1992 a detailed investigation revealed that the 
majority of open channel flumes on South African sewer 
mains and at municipal wastewater treatment plants, do 
not comply with the generally accepted British Standards 
3680. 

In this project tests were performed on different flumes in 
order to establish the impact of differences in shape and sur­
face roughness on calibration coefficients. It has been found 
that differences in shape led to a maximum error of 2.7% 
and that surface roughness caused a maximum error of 1%. 
It is thus evident from the laboratory test results that both 
shape and surface roughness play only minor roles with 
respect to the accuracy of flow measurement in flumes. The 
calibration of measuring flumes was also addressed. Infor­
mation has been included on the measurement of dis­
charges in pipes which flow partially full under uniform flow 
conditions. These guidelines are the product of a large num­
ber of practical tests, combined with existing standards for 
the measuring of fluids by flumes. The result is a set of 
methodologies and worked examples, which clarifies and 
simplifies measuring flume design to the point where plant 
personnel in the smaller plants will also be able to follow and 
utilise the guidelines to the full. 
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Cost: 
Term: 

R86600 
1995 
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Two-litre batch reactors used for denitrification tests by Valerie Naidoo (University of Natal) at CIRSEE - Suez Lyonnaise des Eaux 
in 1996 and 1997. 
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Investigation into optimisation of high-rate 
biological filtration for wastewater treatment 
(No 929) Water Engineering Division, Wates, Meiring and Barnard (CE) Inc. 

The national initiative to provide water supply and sanita­
tion services to many rural and semi-rural communities is 
resulting in the production of varied sewage effluent 
streams. These effluents have to be treated in a reliable man­
ner to protect our national water resources. Biofiltration has 
been proven to be a reliable and robust wastewater treat­
ment technology. A large amount of research is being con­
ducted internationally in the field of fixed-fllm technology, of 
which biofiltration is a good example. In the rural situation, 
biofiltration would be the preferred technology due to its 
simplicity and ease of operation and maintenance. 

A recent research project on biofiltration funded by the 
WRC produced very promising results. It was demonstrated 
that the combination of biofiltration and activated sludge is 
economically more attractive than either of the technologies 
applied in isolation. This statement is specifically applied to 
situations where the special phosphate standard is not rele­
vant. These research results have been applied on full scale 
at several plants serving the communities of Dundee, Nigel 
and Witbank, to name a few. However, further research is 
required to optimise a number of aspects before this promis­
ing technology could be widely applied in practice. 

The research objectives all relate to the further refining 
and optimisation for the full-scale application of the technol­
ogy, and are as follows: 
• Investigation into alternative biofilter media, including 

natural stone and synthetic locally manufactured media 
• Optimisation of the wastewater dosing pattern and fre­

quency 
• Optimisation of the recycling of biofilter effluent across 

the biofilter reactor 
• Improvement of nitrification removal performance. 

Estimated cost: 
Expected term: 

R233000 
1998-1999 

Biological application in microbial diversity 
studies of activated sludge 
(No 933) Department of Microbiology and Plant Pathology, 
University of Pretoria 

Phosphate-rich wastewater effluents entering lakes or 
impoundments result in eutrophication of these water bod­
ies. Eutrophication leads to significant changes in water 
quality and lowers the value of surface waters for potable, 
industrial and recreational uses. 

The project aims to use the recently introduced "Biolog 
Automated Microbial Identification System" in a new role 
for identifying and characterising a wide variety of environ­
mental bacteria and yeasts. The Biolog System was recently 
introduced, mainly for the identification of micro-organ­
isms. However, preliminary investigations in the project 
leader's and other laboratories have indicated that this tech­
nique might be very useful in microbial ecology studies and 
specifically in microbial diversity studies of activated sludge. 
In this project the Biolog System will be used to provide new 
insights into the composition of the microbial community in 
activated sludge. These studies should also provide a better 
understanding of the biological phosphorus removal phe­

nomenon and the microbial ecology of bulking sludge. This 
information could lead to process optimisation for enhanced 
biological phosphorus removal and improved control over 
the eutrophication of our surface water resources. 

Estimated cost: 
Expected term: 

R174 000 
1998-1999 

Bio-augmentation of activated sludge for 
enhanced biological phosphorus removal 
(No 934) Department of Microbiology and Plant Pathology, 
University of Pretoria 

Residual phosphorus entering surface water resources from 
wastewaters remains a problem in terms of the eutrophica­
tion it causes - with the concomitant negative impact which 
eutrophication has on potable water production, industrial 
water and recreation. The activated sludge process frequent­
ly fails to remove phosphorus adequately to meet legislative 
standards. Hence, chemical treatment has to be used in 
order to meet those standards. Research has indicated that 
biomass quantity is more important than the microbial com­
munity of the biomass. Should phosphorus removal be 
dependent on biomass quantity, it could lead to system fail­
ure in terms of phosphorus removal. Bio-augmentation 
could boost and replenish depleted populations of micro­
organisms, permitting rapid regrowth of the biomass. 

The benefits of biomass supplementation (bio-augmenta­
tion) are: no retro-fitting of the process would be required; 
it is a cost-effective alternative to chemical treatment: bio-
augmentation products are on-site if return sludge or waste 
sludge is used; and a useful application for waste sludge 
might be discovered. The relationship between biomass 
quantity and phosphorus removal, therefore, needs further 
investigation. 

The aims of the project are as follows: 
• To determine the relationship between biomass and phos­

phorus-removing and non-phosphorus-removing systems 
• To evaluate anaerobic sludge biomass as supplement; 

return sludge biomass as supplement; aerobic sludge bio­
mass as supplement; and bio-augmentation biomass as 
supplement 

• To determine the phosphorus-removal capacity of a sys­
tem based on biomass 

• To determine the effect of bio-augmentation on phospho­
rus removal in a conventional activated sludge system by 
adding bio-supplements and/or anaerobic sludge in order 
to increase the biomass. 

Estimated cost: 
Expected term: 

R336000 
1998-1999 

External nitrification with the aid of fixed 
media trickling filters (TF) to increase the 
capacity of biological nutrient removal (BNR) 
suspended medium activated sludge (AS) 
systems 
(No 970) Department of Civil Engineering, University of Cape Town 

Many trickling filter (TF) wastewater treatment plants 
(WWTP) in South Africa have been extended by building 
biological nutrient removal activated sludge (BNRAS) sys­
tems, particularly in the inland areas where the 1.0 mgP/I 
standard has to be met. In order not to lose the benefit of the 
old TF, three approaches have been followed: 
• In some cases, a proportion of the influent WW is directed 

to the TF and the TF effluent is then discharged to the 
BNRAS system 



• In other cases, the TF effluent is chemically treated for 
P removal 

• Where the TF effluent is not chemically treated, it is irri­
gated and not returned to the catchment. 

None of these approaches is desirable. The first approach is 
not the best utilisation of the influent WW organics because 
with this arrangement the AS system has to achieve BNR of 
the total WW flow but with a reduced organic load. This 
arrangement in effect increases the influent TKN/COD and 
P/COD ratios of the WW discharged to the AS system which 
reduces the BNR that can be achieved in the AS system. The 
second approach increases salinity, reduces alkalinity and 
pH, does not reduce nitrate and is expensive. The third is a 
loss of downstream reusable water and is a practice which is 
to be substantially disallowed by the DWAF in future. 

The factor which governs the sludge age of the BNRAS 
system is the requirement to nitrify. If external nitrification 
could be achieved outside a TF/BNRAS plant, the sludge age 
could be more than halved from the usual 15 to 20 d to 7 to 
10 d with improved BNR and COD removal. The reduction in 
sludge age increases the treatment capacity of the BNRAS 
system by some 50% so that the TF would not be required for 
COD removal. A further benefit of this scheme is that it vir­
tually eliminates the alternating anoxic-aerobic conditions 
which have been identified as the major stimulus for fila­
mentous bulking in 'conventional' BNRAS plants, and the 
improved sludge settleability could further increase treat­
ment capacity of the AS system. 

The aims of the project include the following: 
• To examine the effect of external nitrification on BNRAS 

systems 
• To examine N and P removal performance and sludge 

settleability of non- or partially nitrifying BNRAS systems 
at short sludge ages (5 to 8 d) and low temperatures 
(12to20°C) 

• To examine biological excess P removal (BEPR) perform­
ance and sludge settleability in anaerobic-anoxic zone 
(i.e. no aerobic zone) BNRAS systems at laboratory scale 

• To extend BNR simulation models to include anoxic 
P uptake/denitrification kinetics. 

lively it has, until now, not been successful in removing 
phosphorus biologically. If the process could be extended 
successfully as a low-cost, simple-to-operate facility to reli­
ably bring about P-removal, it would enjoy much wider 
application. 

The aim of the project is to research and develop a link-up 
between the PETRO® process for algae removal and the BNR 
type of activated sludge plant (both developed in South 
Africa) to bring about, at little additional cost and with low 
operational requirements, an integrated facility which will 
reliably produce an effluent that will meet all the stringent 
nutrient and quality requirements now often laid down in 
both the developed and developing worlds. Conventionally, 
this has been approached by installing high-cost acid 
digesters to increase the volatile fatty acids required by P-
reducing bacteria. However, acidogenesis is a relatively high-
tech process in this context and is not consistent with the 
low-tech nature of the PETRO® process. The introduction of 
a number of low-cost measures which are compatible with 
the PETRO® concept are anticipated to solve the problem. 

The measures referred to above include: 
• Enhancement of organic load on the fermentation pit 
• Use of submerged acid digesters in the primary pond 
• Transfer of the P-release fermentation zone from the 

ASP reactor into the primary pond. 

Estimated cost: 
Expected term: 

R889 000 
1998-2000 
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Estimated cost: 
Expected term: 

11665 000 
1998-2000 

Transforming the PETRO® process to provide 
for biological nutrient removal 
(No 971) PGJ Meiring Konsult 

In recent years, understanding of the fundamental biologi­
cal principles involved in both the biological removal of 
phosphorus by biological nutrient removal activated sludge 
(BNRAS) wastewater treatment plants and of algae present 
in oxidation pond effluents by pond-enhanced trickling filter 
operation (PETRO*) plants indicates that the two systems 
have certain basic concepts in common. Initial studies and 
experiments indicate the feasibility of a successful line-up of 
the two processes, for which pioneering research was in both 
cases carried out in South Africa. The developed world was 
quick to accept the BNRAS concept, and the PETRO® system 
for algal removal (a combination of secondary biological 
treatment unit processes such as anaerobic reactors, facul­
tative oxidation-ponds, biological trickling filters, activated 
sludge reactors and nitrifying facilities) has been hailed by 
engineers and scientists as one of the most significant 
advances in low-cost sanitation during the second half of 
this century. However, although PETRO® removes algae from 
oxidation pond effluent and can nitrify ammonia very effec- L. 

CONTACT PERSONS 

■ Mr GN Steenveld (Nutrient Removal, Algal Ponding 
Systems, Unit Process Optimisation) 
e-mail: greg@wrc.org.za 

■ Mr JN Bhagwan (Low-cost Sanitation) 
e-mail: jbhagwan@wrc.org.za 

■S" (012)330-0340 

mailto:greg@wrc.org.za
mailto:jbhagwan@wrc.org.za
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Research pro jects 

Completed 
316 Aspects of sewage sludge treatment and disposal 
(Greater Johannesburg Metropolitan Council (GJMC)) 

408 Fats and oils in effluents (University of Pretoria -
Department of Chemical Engineering, Division of Water 
Utilisation Engineering) 

556 Refinement of design parameters for sludge thickening 
by dissolved air flotation (Rand Afrikaans University - Energy 
Laboratory) 

688 Laboratory- and pilot-plant bioreactor development for 
remediation of metal-contaminated wastewater using 
activated sludge as biosorbent (Technikon Natal -
Department of Biotechnology) 

707 Calibration of open-channel f low measuring systems 
using laboratory calibrated velocity-head electronic measuring 
instruments, and by applying the continuity principle (East 
Rand Water Care Company (ERWAT), through Sigma Beta 
(CE» 

Current 
248 Chemical augmentation of biological phosphate removal 
(Greater Johannesburg Metropolitan Council (GJMC)) 

462 Activated fixed and suspended cultures for nitrification 
(University of Pretoria - Department of Chemical Engineering) 

491 Pond-enhanced trickling filter operation (PETRO®) (Wates, 
Meiring and Barnard (CE) Inc. and CSIR - Division of Water, 
Environment and Forestry Technology) 

si 542 Causes and control of low A/A filament bulking in 
nutrient removal activated sludge systems (University of 
Cape Town - Department of Civil Engineering) 

554 Study of activated sludge microbial population dynamics 
for the optimisation of biological phosphorus removal 
(University of Pretoria - Department of Microbiology and 
Plant Pathology) 

H 555 Limitation of convection currents in clarifiers (University 
of Pretoria - Department of Chemical Engineering) 

Si 560 Development of a cross-flow microfiltration unit to 
improve the performance of anaerobic digesters at wastewater 
treatment works (University of Natal - Department of 
Chemical Engineering, Pollution Research Group) 

i l 569 High-rate recirculation and solids contact optimisation 
of biological filtration plants (Wates, Meiring and Barnard 
(CE) Inc.) 

l i 597 Technology adaption for successful application of septic 
tank systems in the coastal zone (CSIR - Division of Water, 
Environment and Forestry Technology) 

H 604 Compilation of .guidelines for the design and operation 
of sewage sludge drying beds (GFJ (CE) Inc.) 

H 606 Practical application of special waste co-disposal with 
municipal refuse at the Coastal Park landfill bioreactor 
(Cape Town City Council - City Engineer's Department) 

H 620 Modelling, design and operation of secondary settling 
tanks (University of Cape Town - Department of Civil 
Engineering) 

668 Determination of dissolved organic loads in raw and 
other sewage and the termination of the COD and DOC 
ratios (East Rand Water Care Company) 

692 Treatment of wastewaters with high nutrients (N and P) 
but low organic (COD) contents (University of Cape Town -
Department of Civil Engineering) 

713 Removal of algal and other biomass from treated 
wastewaters employing the PETRO® process (Wates, 
Meiring and Barnard (CE) Inc.) 

739 Disinfection of purified effluent (University of Pretoria -
Department of Chemical Engineering, Division of Water 
Utilisation Engineering), 

755 Development of strategies for amelioration of bulking 
by anoxic-aerobic filamentous organisms in nutrient removal 
activated sludge systems (Stewart Scott (CE) Inc.) 

776 Fingerprinting of activated sludge systems using PAGE 
analysis of total protein extractions for the optimisation of 
biological phosphorus removal (University of Pretoria -
Department of Microbiology and Plant Pathology) 

799 Development and monitoring of integrated algal high 
rate oxidation pond technology for low-cost treatment of 
sewage and industrial effluent (Rhodes University -
Department of Biochemistry and Microbiology) 

820 Production and biodegradation of organic carbon from 
sewage and biological sludge for denitrification (University 
of Natal - Pollution Research Group) 

822 Investigation and comparison of microbial contribution 
to nutrient removal in activated sludge and trickling filter 
wastewater treatment processes (Technikon Natal -
Department of Biotechnology) 

823 Full-scale demonstration of specific filamentous bulking 
control in a biological nutrient removal activated sludge 
plant at Mitchells Plain wastewater treatment plant 
(University of Cape Town - Department of Civil Engineering) 

835 Hydrodynamic modelling of secondary settling tanks 
(University of Cape Town - Department of Civil Engineering) 

848 Water Institute of Southern Africa Operators Handbook 
(Philip Pybus (CE)) 

New 
929 Investigation into optimisation of high-rate biological 
filtration for wastewater treatment (Wates, Meiring and 
Barnard (CE) Inc. - Water Engineering Division) 

933 Biological application in microbial diversity studies of 
activated sludge (University of Pretoria - Department of 
Microbiology and Plant Pathology) 

934 Bio-augmentation of activated sludge for enhanced 
biological phosphorus removal (University of Pretoria -
Department of Microbiology and Plant Pathology) 

970 External nitrification with the aid of fixed media 
trickling filters (TF) to increase the capacity of biological 
nutrient removal (BNR) suspended medium activated sludge 
(AS) systems (University of Cape Town - Department of 
Civil Engineering) 

971 Transforming the PETRO® process to provide for 
biological nutrient removal (PGJ Meiring Konsult) 
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In terms of South Africa's constitution 

the State has an obligation to ensure an 

environment which supports the health 

and well-being of all its people. It is 

increasingly appreciated that access to 

water of an acceptable quality plays an 

important role in this regard. 

H n fact, impaired water quality has a negative impact not 
only on human consumption, but on practically all water 
uses. Unfortunately it is also a fact that most uses of water 
tend 
to impact negatively on its quality. Consequently a deteriora­
tion in quality is observed after every use cycle. As water 
resources therefore become more fully utilised and surplus 
dilution capacity diminishes, the effects are usually mani­
fested as water quality degradation. If left unchecked this 
deterioration in quality will continue until the stage is 
reached where the water is no longer suitable for use. 
Experts therefore warn that it may prove to be more difficult 
in the longer term to provide users with water of an accept­
able quality on a sustainable basis, than merely providing an 
adequate supply. 

South African efforts to manage water quality have been 
in force for decades. Since it is much more difficult to identi­
fy, control and manage non-point (i.e. diffuse) sources of 
pollution than point sources, our regulating authorities, up 
to fairly recently, concentrated their efforts on controlling 
pollution from point sources. A realisation that non-point 
sources are the major contributors to water pollution in 
many catchments, coupled with a recognition of the fact 
that the water quality requirements of users vary, gave rise 
to a shift in approach to water quality management. With 
the new approach, pollution from whatever source is now 
managed in order to maintain the quality of the water body 
affected by the pollution in a state which is acceptable to 
users of the water. These principles are embodied in the new 
National Water Act. 

Traditionally a prescriptive regulatory or command-and-
control approach was used to control water quality degrada­
tion. The cost, manpower demands and other inefficiencies 
inherent in this approach gave rise to the investigation of 
economics-based measures to achieve the same goal. 

Partly as a result of these investigations the concepts of 
"wastewater charges" and the "polluter pays" principle have 
now been embodied in our new National Water Act. 
Researchers on WRC projects have made valuable contribu­
tions to provide the scientific foundation on which these and 

other water quality management principles in the Act are 
based. The WRC will continue to undertake research aimed 
at supporting the introduction of these and other approach­
es which are aimed at improved and more effective water 
quality management. 

A number of projects in the field of water quality manage­
ment are aimed at analysing the water quality situation, its 
causes, magnitude and impact on users. Other projects aim 
to improve our ability to predict system response to natural 
driving forces, disturbances, pollution incidents and man­
agement intervention or obtain a better understanding of 
the processes which operate in nature. Increasing attention 
is being devoted to study the effect of organic contaminants 
and using biological methods of water quality assessment. 

Poor water quality often manifests itself as specific prob­
lems. Projects that address problems in the field of salinity, 
eutrophication, other aspects of surface water quality are 
being funded by the WRC in support of water quality man­
agement. 

Salinisation remains one of the consequences of water 
pollution which is most widespread in South Africa. With 
increasing salinity the water becomes less fit for most users, 
who consequently incur additional costs. Because its effect 
is creeping and incremental, most of these problems go 
unnoticed, or remain unconnected by consumers. Salinisa­
tion is the result of the addition of a variety of salts to the 
water environment which almost inevitably results from the 
increasing use and reuse of water connected with develop­
ment. 

Eutrophication is the enrichment of the water environ­
ment with plant nutrients and the consequent abundant 
growth of algae and aquatic plants. Serious problems per­
taining to economics of water purification and defacement 
of the water environment are associated with eutrophica­
tion, while certain algae also excrete toxins. 

The gradual deterioration of water quality and the grow­
ing awareness of water quality as a factor which under­
mines the utilisation potential of water, have given rise to 
the identification of a number of research needs. Water 
quality studies are being conducted to address problems 



associated with microbial pollution, organic compounds, 
sediments and other water constituents, as well as to 
improve the means to cope with them. 

C o m p l e t e d p r o j e c t s 

Feasibility of GIS-based integrated cadastre 
for point and non-point sources of aquatic 
pollution and its integration into multi-
objective analyses and the planning of 
pollution control 
(K8/202) Department of Civil Engineering, University of the Witwatersrand 

Whereas past efforts to preserve the quality of South Africa's 
water resources concentrated almost solely on the control of 
pollution, present activities are increasingly aimed at water 
quality management from a holistic perspective. The inte­
gration inherent to this approach requires amongst others, 
databases which contain information about all the sources 
in a catchment and linkages to geographical and other infor­
mation systems. This project investigated the feasibility of 
utilising a Yugoslavian developed inventory (cadastre) as a 
database and information system under South African con­
ditions. The evaluation was generally positive. Adaptions 
proposed for its use and possible implementation under local 
conditions, are being considered and evaluated by the rele­
vant authorities. 

Cost: 
Term: 

R96 600 
1995-1997 

Water quality and quantity assessments in 
catchments wi th changing land uses in the 
Umzinto coastal area 
(No 419) The South African Sugar Association Experiment Station 

This project set out to monitor the relative soil loss and water 
use of timber, sugar-cane, and natural grassland on steep 
sloping land under various erosion control measures near 
Umzinto in KwaZulu-Natal. Unfortunately, due to a series of 

catastrophic events (the longest and most severe recorded 
drought in the area occurred during the first years of the 
project term, the consequent die-back of trees, a fire which 
killed most of the trees and chronic vandalism of equip­
ment), data collection could not be conducted and conclud­
ed as had been envisaged. By making use of the available 
data and the aid of the ACRU model for sugar-cane, realistic 
scenarios were simulated to supplement actual measure­
ments. Amongst others it was found that minimum tillage 
dramatically reduced soil loss whilst also reducing runoff, 
while afforestation had a greater impact on streamflow than 
sugar-cane. The impact of land use on runoff was found to 
be more pronounced on shallow than on deeper soils. 

Cost: 
Term: 

R481 800 
1992-1996 

Collection and evaluation of runoff water 
quality data from a disused feedlot in Natal 
(No 498) Division of Water, Environment and Forestry Technology, CSIR 

A preceding project which quantified the effect of land use 
on runoff water quality in selected catchments in KwaZulu-
Natal found that a small catchment, which had previously 
been used as a wintering feedlot for cattle, showed extremely 
high phosphorus, nitrogen and COD concentrations during 
stormflow runoff. This project followed on the preceding 
project to confirm the earlier findings which were founded 
on a limited data set, and to obtain data which could be used 
in water quality simulation models. Pollutant concentra­
tions in high-flow (primarily surface) runoff, were of the 
same order of magnitude as those found in raw sewage. 
Baseflow concentrations were much lower. From an extrapo­
lation of the results it was concluded that it would take 4 to 
5 years before runoff water quality would return to normal 
levels. Pollution from similar land uses can be prevented by 
collecting and diverting surface runoff to holding ponds for 
further treatment or used for irrigation of pastures. 

Cost: R55 000 
Term: 1991-1993 
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Uleifif p r o j e c t s 

Assessment of the extent of oestrogenic activity 
in Western Cape water resources 
(No 926) Department of Zoology, University of Stellenbosch 

Human, agricultural and industrial activities are releasing 
large numbers of man-made chemicals into the water envi­
ronment. from where they may enter the food chain and 
cause bio-accumulation in wildlife and humans. A wide 
range of man-made chemicals have been implicated in mim­
icking the action of oestrogens. Evidence is mounting to 
show that these substances can cause serious disruptions of 
normal physiological capabilities, and could affect the func­
tioning of future populations and ecosystems. The reproduc­
tive disorders in wildlife reported to date involve reduced fer­
tility, reduced hatchability, reduced viability of offspring. 
poor growth, impaired hormonal function, modified sexual 
behaviour and feminisation of males. This project will assess 
the extent of possible environmental pollution by biological­
ly active chemicals (from industrial, agrichemical and 
sewage treatment works effluents), using the Western Cape 
as a test case for the rest of South Africa. This will help to 
ensure the effective conservation of South Africa's rich bio­
diversity, and most importantly, the quality of life for 
humans and wildlife in South Africa. 

Estimated cost: R463 000 
Expected term: 1998-2000 

Occurrence and source of Cryptosporidium 
and Giardia in catchment areas and waste-
water works 
(No 927) Umgeni Water 

At present the occurrence and distribution of the patho­
genic protozoa Cryptosporidium and Giardia are largely 
unknown due to a lack of suitable routine testing methods. 
After evaluating methods to concentrate these protozoa 
from water and detect their presence, Umgeni Water selected 
a polymerase chain reaction (PCR) method with a 68% 
recovery from potable waters, for routine analysis. As part of 
this project, the suitability of the PCR method will be evalu­
ated for wider routine use by a number of other laboratories 
involved in routine water testing. In order to establish to 
what extent diarrhoeal disease within a selected high-risk 
community is caused by Cryptosporidium and Giardia, each 
participating laboratory will conduct its own investigation 
on the catchment area of the community they selected. The 
presence, viability and removal of parasitic protozoa during 
wastewater treatment processes and an evaluation of the 
contribution of this source to their occurrence in the aquat­
ic environment, will add to existing knowledge to prevent 
possible pollution from these sources. 

Estimated cost: 
Expected term: 

R300 000 
1998-1999 

Molecular characterisation of F-RNA coliphages 
in South African water sources 
(No 928) Department of Virology, University of Pretoria 

Viruses may cause up to 80% of water-borne diseases. 
Because of various selective pressures, the importance of 
viruses as water-borne pathogens is, furthermore, increas­
ing. Since viruses are more resistant to water treatment and 
disinfection processes than faecal bacteria such as coliforms, 
the value of using coliforms as indicators of the virological 

safety of water, is declining. Ideally water should thus be 
tested specifically for viruses. Because tests for viruses are 
relatively expensive and complicated, indicators which are 
better than coliforms are being sought. F-specific UNA col­
iphages (F-RNA phages) have attractive features for this pur­
pose since they closely resemble viruses in many respects. 
This project aims to upgrade the techniques for the detection 
of F-RNA phages in water, and also to improve the typing of 
the phages into four serological groups. Evidence available 
from other parts of the world indicates that some of the 
types are specific for humans and others for animals. This 
distinction is important because the risk of viral infection 
from human faecal pollution is higher than that from ani­
mal pollution. 

Estimated cost: 
Expected term: 

R162 000 
1998-1999 
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Water quality information systems for 
integrated water resource management: 
The Riviersonderend-Berg River system 
(No 951) Department of Civil Engineering and Department of Soil 
and Agricultural Water Science, University of Stellenbosch 

Impoundments and associated bulk water supply infrastruc­
ture are present in most South African river systems. 
Because of the disparate natural occurrence of rainfall and 
runoff and its mismatch with water demand concentrations, 
many of these schemes have to incorporate inter-catchment 
transfers. Water quality deterioration, furthermore, often 
threatens to diminish the utilisable part of the runoff in 
many catchments. This project aims to develop an integrat­
ed information system specifically for water quality (WQIS) 
as a tool to assist water managers in managing these com­
plexities on an integrated catchment basis. The WQIS will 
provide diagnostic and predictive utilities to serve technical 
planning and operational decision-making in a river system, 
and at the same time also provide appropriate information to 
support water managers in the engagement of and commu­
nication with stakeholders and communities. The Rivierson­
derend-Berg River system was selected to serve as prototype 
for development of the WQIS approaches. 

Biomarker assays for the detection of chronic 
toxicity in the aquatic environment 
(No 952) Division of Water, Environment and Forestry Technology, CSIR 

Biological toxicity tests have become an important part of 
water quality management in South Africa. Currently, there 
is a selection of aquatic toxicity tests to detect acute toxicity. 
However, very little attention has been given to the establish­
ment of techniques to detect chronic toxicity. Chronic toxici­
ty tests are very important monitoring and control tools 
when the toxicity of effluents is low and are also indispensa­
ble to manage ambient waters. Traditionally, these tests take 
very long to complete. A new approach is the use of bio­
marker assays which provide rapid measures of the molecu­
lar mechanisms underlying toxicity. The aim of the proposed 
project is to establish biomarker assays for the detection of 
chronic toxicity in the aquatic environment. The techniques 
will be evaluated by applying them to fish and other aquatic 
organisms (e.g. molluscs, snails, worms) collected from pol­
luted and unpolluted aquatic environments. 

Estimated cost: 
Expected term: 

R65O000 
1998-2000 

Estimated cost: 
Expected term: 

Rl 367 000 
1998-2001 
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Rapid identification of dominant diatom species using electronic media for biological water quality monitoring. 
Shown above are various examples of diatom species. (Photos: Carel Hause). 



Research pro jects 

Completed 
■ K8/202 Feasibility of GIS-based integrated cadastre for 

point and non-point sources of aquatic pollution and its 
integration into multi-objective analyses and the planning 
of pollution control (University of the Witwatersrand -
Department of Civil Engineering) 

■ 419 Water quality and quantity assessments in catchments 
with changing land uses in the Umzinto coastal area (SA 
Sugar Association Experiment Station) 

■ 498 Collection and evaluation of runoff water quality data 
from a disused feedlot in Natal (CSIR - Division of Water, 
Environment and Forestry Technology) 

Current 
■ 195 Hydrosalinity studies in the Eastern Cape (Rhodes 

University - Institute for Water Research) 

■ 266 Extension of the management-orientated models for 
eutrophication control (CSIR - Division of Water, 
Environment and Forestry Technology) 

■ 369 Completion of research relating to the DISA model -
A daily irrigation and salinity analysis system model 
(Ninham Shand (Cape) Inc.) 

■ 411 Coastal pollution: Pathogenic micro-organisms 
(University of Pretoria - Department of Medical Virology) 

■ 421 Relationship between atmospheric deposition and 
water quality in a small upland catchment (CSIR - Division 
of Water, Environment and Forestry Technology) 

■ 465 Detergent phosphorus in South Africa: Impact on 
eutrophication with specific reference to the Umgeni 
catchment (University of Natal - Department of Chemical 
Engineering and Umgeni Water) 

■ 522 Pilot study to investigate alternative management 
options to enhance the use of saline water for irrigation 
purposes (University of Stellenbosch - Department of Soil 
and Agricultural Water Science) 

■ 633 Management of urban impoundments (Johannesburg 
City Council and Stewart Scott (CE) Inc.) 

■ 634 Quantifying the impact of the salinisation of South 
Africa's water resources with special reference to economic 
effects. Phase 1: Development of a generic model (DWAF 
and Urban-Econ, Development Economists) 

■ 696 Development of a guide to assess non-point source 
pollution of surface water resources in South Africa (Sigma 
Beta (CE) Inc. and DWAF) 

■ 697 Modelling the long-term effect of atmospheric 
deposition on the salinity of catchment runoff with special 
reference to the Vaal Dam catchment (Stewart Scott 
(CE) Inc.) 

■ 717 The impact of urbanisation and industrialisation on the 
environment (Vista University - Department of Chemistry 
(Mamelodi Campus)) 

■ 784 Rapid quantitative evaluation of water quality using 
a modified biological test - Phase II (University of the 
Witwatersrand - Department of Microbiology) 

785 Validation of the modified MINLAKE model on 
Roodeplaat Dam (Stewart Scott (CE) Inc.) 

794 Holistic water quality management in catchments of 
South African harbours (SRK (CE) Inc.) 

795 Assessment of the quality of water supplies in the rural 
Western Cape with regard to agrichemical pollutants 
(University of Cape Town - Department of Community 
Health) 

796 The feasibility of using low-cost modelling techniques 
to relate river water quality and diffuse loads to a range of 
land uses (Stewart Scott (CE) Inc.) 

814 Identification of diatoms and their use in the 
assessment of water quality (University of Port Elizabeth -
Department of Genetics and Botany) 

815 Use of Daphnia spp. and indigenous river invertebrates 
in whole effluent toxicity testing in the Vaal catchment 
(Rhodes University - Institute for Water Research) 

824 Selection of procedures for faecal pollution monitoring 
to describe health risks (CSIR - Division of Water, 
Environment and Forestry Technology) 

New 
926 Assessment of the extent of oestrogenic activity in 
Western Cape water resources (University of Stellenbosch -
Department of Zoology) 

927 Occurrence and source of Cryptosporidium and Giardia 
in catchment areas and wastewater works (Umgeni Water) 

928 Molecular characterisation of F-RNA coliphages in 
South African water sources (University of Pretoria -
Department of Virology) 

951 Water quality information systems for integrated water 
resource management: The Riviersonderend-Berg River 
system (University of Stellenbosch - Department of Civil 
Engineering and Department of Soil and Agricultural Water 
Science) 

952 Biomarker assays for the detection of chronic toxicity 
in the aquatic environment (CSIR - Division of Water, 
Environment and Forestry Technology) 

SOMTACT PERSOMS 
Mr HM du Plessis (Salinisation, Eutrophication and 
Water Environment) 
e-mail: meiring@wrc.org.za 
Mrs APM Oelofse (Microbial Studies) 
e-mail: annatjie@wrc.org.za 
Mr J Bhagwan (Urban Runoff) 
e-mail: jbhagwan@wrc.org.za 
Dr SA Mitchell (Biomonitoring) 
e-mail: steve@wrc.org.za 

O (012)330-0340 
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Groundwater, which is widespread in 

occurrence though far from abundant 

in South Africa, has gained recognition 

as a major asset of national importance 

with the government's drive to meet 

basic human needs for potable water. 

i s ^ ^ 

w ithin the rural areas especially, this need to pro­
vide water is spread over some 15 000 villages, mainly in the 
eastern and northern parts of South Africa. This need can 
often not be met from scarce surface water resources. Thus 
low-yielding aquifers in non-traditional groundwater areas 
may frequently constitute the only viable source of supply. 

About 90% of South Africa's groundwater occurs in sec­
ondary aquifers consisting primarily of shallow zones of 
weathering and fracturing beneath a thin soil cover. In these 
aquifers, the problem of low yields is frequently compound­
ed by naturally poor water quality and susceptibility to pol­
lution. Research priorities, therefore, include more efficient 
exploration methods, improved characterisation of aquifers, 
better assessment of exploitability and safe yield, specifica­
tion of groundwater protection requirements, characterisa­
tion of groundwater quality and risks associated with con­
sumption of poor quality water, and enhancement of 
sustainable use through artificial recharge. 

With the passing of the National Water Act in 1998 water 
resources (which include groundwater resources) are seen 
as a single, indivisible national asset. This gives a new 
dimension to the management of groundwater resources, 
as part of a hydrological systems approach. Not only is a 
greater emphasis placed on groundwater protection, but the 
interactions between groundwater, surface water and aquat­
ic ecosystems now come strongly to the fore. The require­
ment in the new Water Act for assessment of the "ecological 
reserve" demands that these interactions be clearly under­
stood and quantified as best as possible. 

During the year the WRC facilitated two workshops 
designed to give better focus to research efforts with specific 
research areas. The one, held in July, considered the role of 
the vadose zone in attenuating the risk of groundwater pol­
lution. The other, held in October, gave impetus to the plan­
ning of a research programme for facilitating the assessment 
of the "groundwater reserve" component of the "ecological 
reserve", as required for implementation of the National 
Water Act. 

C o m p l e t e d 

Regional investigation into groundwater 
quality deterioration in the Olifants River 
catchment above the Loskop Dam, with 
specialised investigations in the Witbank 
Dam subcatchment 
(No 291) Institute for Groundwater Studies, University of the 
Orange Free State 

Elevated sulphate and low pH levels provide clear indications 
that the quality of the surface waters of the Olifants River, 
specifically the Witbank Dam subcatchment, has deteriorat­
ed over time. At the stage when this project was initiated the 
origin of the pollutants was still uncertain. It was known 
that mining activity and power generation had expanded 
significantly during the preceding number of years. The 
impact that this expansion would have on the environment, 
especially for slow-reacting systems such as groundwater, 
was expected to become visible only over an extended period 
of time. This investigation was undertaken to quantify the 
contribution of the various activities to the groundwater 
quality deterioration in the area. The natural groundwater 
in the weathered aquifer used by farmers was found to be of 
excellent quality but low-yielding. A direct link was observed 
between the water quality in many surface streams and 
development (mostly mining), Of all the activities which 
were investigated, open-cast mining was found to have the 
greatest impact on groundwater quality. The project further­
more quantified the pollution generated by selected activities 
and identified management options to alleviate their effect. 

Cost: R1603 000 (The Chamber of Mines of South Africa 
contributed a further R200 000 and DWAF about 
R200 000 in kind) 

Term: 1990-1994 



Development of techniques for risk analysis 
and groundwater management of Southern 
African aquifers 
(No 378) Institute for Groundwater Studies, University of the Orange Free 
State and Division of Water, Environment and Forestry Technology, CSIR 

Reasons for the inadequate management of South Africa's 
groundwater resources in the past include the poor under­
standing of the occurrence, replenishment and behaviour 
of groundwater. as well as the lack of groundwater manage­
ment models applicable to South African conditions. This 
project was undertaken, firstly, to address the need for user-
friendly tools for the development of appropriate manage­
ment models. A second objective was to develop, for use with 
such models, risk assessment techniques which consider 
uncertainties associated with aquifer properties and 
recharge rates due to rainfall variability. 

The research resulted in the development of the ground-
water management software package called AQUAMOD. 
The package consists of several programs, one of which 
is the two-dimensional groundwater modelling program 
known as AQUA. The software package provides the tools 
needed for the development and application of aquifer-
specific groundwater optimisation models for controlling 
groundwater hydraulics and water quality, and also for 
addressing the inverse problem of parameter estimation. 
A necessary condition, however, is the availability of suffi­
cient, reliable geohydrological and other relevant data for 
the aquifer. 

Both the AQUAMOD software package and the methodol­
ogy for long-term risk assessment developed as the second 
product of the research, were successfully tested and applied 
in a case study carried out on the Grootfontein aquifer. Man­
agement models were developed and used to devise alterna­
tive management plans for which associated risks could be 
adequately assessed. The case study suggested that current 
abstraction rates from the Grootfontein aquifer far exceeded 
the long-term potential yield and that water-level recovery 
could not be expected under conditions of normal rainfall 
variability. 

Cost: 
Term: 

R532 128 
1991-1994 

Analysis and interpretation of aquifer tests 
in secondary aquifers 
(No 487) Institute for Groundwater Studies, University of the 
Orange Free State 

Ever-increasing pressure is being brought to bear on South 
Africa's groundwater resources to meet the demands of 
rural communities for potable water. This has highlighted 
the inherent complexities of fractured-rock aquifers, which 
occur over some 90% of the country and. in particular, the 
paucity of available methods for determining the hydraulic 
properties of these aquifers. This project was initiated to 
address the need for a better understanding of the nature 
and behaviour of groundwater in fractured-rock aquifers, 
especially with regard to the applicability and reliability of 
hydraulic tests. 

Whereas it was originally envisaged that all types of frac­
tured-rock aquifers would be investigated, it was soon decid­
ed to restrict investigations to the special case of Karoo 
aquifers which occur extensively and do not conform to the 
behaviour of conventional fractured rock aquifers described 
in the literature. The research clearly revealed that the 
behaviour of a stressed Karoo aquifer is determined by its 

very complex geometry that results from the presence of 
bedding-plane fractures and the multi-porosity of the rock 
matrix. This conclusion has important implications for the 
operation and long-term management of borehole schemes 
in the Karoo where continuous lower pumping rates would 
appear to be more suitable than short-duration high rates of 
pumping. Classical primary flow models, although exten­
sively used in the past, are totally inappropriate for model­
ling groundwater behaviour in these aquifers. Considerable 
progress has been made in adapting an existing three-
dimensional groundwater flow model and developing a new 
two-dimensional model to describe groundwater behaviour 
during pumping. 

Cost: 
Term: 

Rl 406 956 
1992-1996 

Application of seismic tomography and ground-
penetrating radar for the detection of fractures 
and the determination of hydraulic properties 
of fractured-rock aquifers 
(No 516) Division of Water, Environment and Forestry Technology, CSIR 

In order to locate water-bearing zones in fractured-rock 
aquifers, a thorough understanding of the location, physical 
nature and orientation of these factures is required. The 
main aim of this project was to investigate the use of certain 
geophysical fracture characterisation techniques in gaining 
a better understanding of the physical nature of hard rock 
aquifers. Initially it was envisaged that seismic borehole 
tomography and borehole radar imaging techniques would 
be evaluated. During the course of the project the emphasis, 
however, shifted to the application of radiowave tomography 
(RT) and its use in conjunction with seismic tomography 
(ST). It was found that RT is an efficient and useful monitor­
ing tool wmich gives consistent and repeatable results. It can 
be used in the identification and delineation of flow paths 
within aquifers as an aid to the development of groundwater 
flow models. In contrast to other more conventional geo­
physical techniques, RT and ST demonstrated the potential 
to interpolate aquifer geometry between boreholes. When 
used in combination, RT and ST have the ability to map dif­
ferent lithologies and lateral variations therein, as well as 
major fractures and water flow directly. 

Cost: 
Term: 

R579 981 
1993-1997 

Extension and refinement of the AQUAMOD 
computer software package 
(No 640) Institute for Groundwater Studies, University of the 
Orange Free State 

The AQUAMOD groundwater management software pack­
age was conceptualised to satisfy a need for user-friendly 
tools to optimise the management of groundwater 
resources. Most of the software was developed during the 
course of WRC Project No 378, The development of tech­
niques for risk analysis and groundwater manage­
ment of Southern African aquifers. While sound, the 
software did not succeed in being user-friendly. This follow-
on project was therefore necessary to transform the 
AQUAMOD software into a truly user-friendly package and 
to further develop the software to provide for groundwater 
quality modelling and the graphical presentation of data. 
AQUAMOD was consequently converted to the Windows 
environment using object-oriented programming. Two new 
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program modules were added to address aspects of ground-
water flow and pollution risk using Monte Carlo simulations. 
The resulting product is a comprehensive groundwater man­
agement software suite entitled AQUAMOD for Windows, or 
AQUAWIN. This suite of software incorporates results of 
many years of research into the nature and behaviour of 
South Africa's fractured-rock aquifers and provides South 
African hydrogeologists with user-friendly groundwater 
resource management tools which are able, among other fea­
tures. to address risks associated with over-abstraction and 
pollution. 

Cost: 
Term: 

R268 999 
1994-1996 

Correlation of high uranium, arsenic and other 
chemical element values in groundwater with 
abnormal haematological values 
(No 839) Toens and Partners CC 

This project was initiated following observations by medical 
researchers that a number of cases of haematological abnor­
malities, related to leukaemia, had been reported from the 
area around Pofadder in the north-west Cape, where relatively 
high values of uranium and arsenic in groundwater are also 
known to occur. The thrust of the investigation was to estab­
lish statistically verifiable correlations between various hydro-
geological characteristics and the prevalence of haematologi­
cal abnormalities of long-term residents in the area. A newly-
developed GIS-based methodology was used successfully to 
show that a positive correlation exists between the elevated 
levels of uranium and arsenic in groundwater and atypical 
lymphocyte counts (as a proxy of haematological abnormali­
ty). Arsenic (r=0.41), uranium (r=0.57) and the combination 
of uranium and arsenic (r=0.60) returned positive correla­
tion coefficients, confirming the existence of a statistical asso­
ciation. From a community health aspect, the availability of 
this methodology is important, since it makes it potentially 
possible to identify areas where long-term residence and utili-

Scintillometer reading of 130 counts per second (broad band) on 
an outcrop of radioactive orange weathering pink quartz 
feldspathic gneiss. (Photograph: NJ Wullschleger.) 

sation of groundwater could be regarded as undesirable, or 
alternately, where the consumption of untreated groundwa­
ter should be avoided. It should be emphasised that this inves­
tigation dealt mainly with the earth science aspects of the 
relationship and that the further significance of the atypical 
lymphocyte counts and their relationship to the high inci­
dence of leukaemia in the area should be addressed by med­
ical researchers. 

Cost: 
Term: 

R200 000 
1997-1998 

N e w p r o j e c t s 

Evaluation of nuclear magnetic resonance (NMR) 
as a new geophysical technique for groundwater 
exploration in fractured rocks 
(No 935) Division of Water, Environment and Forestry Technology, CSIR 

Many rural communities in South Africa, who are largely 
dependent on groundwater, are resident in areas underlain by 
fractured-rock aquifers. The nature of groundwater occur­
rence in fractured-rock aquifers poses an additional challenge 
to locating drilling sites which can yield adequate amounts of 
groundwater. The use of existing geophysical tools, such as 
electromagnetic, resistivity and magnetic techniques, has 
contributed some success under favourable geological condi­
tions. However, a technique which is specifically suitable for 
addressing fracture systems in South African geological envi­
ronments still needs to be developed. 

One promising technique, not yet tested in South Africa, is 
nuclear magnetic resonance (NMR). It was first used in Russia 
during the late 19 70s and subsequently also in Australia and 
Israel. It is claimed that this technique is capable not only of 
indicating the presence or absence of groundwater, but also of 
providing a quantitative indication of distribution with depth. 
Recently, in France, NMR instrumentation has been totally 
redesigned and interpretation routines vastly improved. There 
is good reason to evaluate the use of NMR under South 
African conditions without delay. 

The aims of the project are to: 
• Intensify the literature study of the theory and application 

of NMR as a geohydrological tool 
• On the basis of the results of the literature study, and in col­

laboration with DWAF, identify suitable sites in South 
Africa for the testing of the NMR technique 

• Conduct field surveys and interpret results, focusing on the 
practical application of the technique in helping to select 
good drilling sites 

• Evaluate the usefulness and cost-effectiveness of NMR as a 
means of improving understanding of geohydrological con­
ditions in South African fractured-rock aquifer systems. 

Estimated cost: 
Expected term: 

R385 000 
1998-1999 

Flow and transport characteristics of ground-
water in Karoo formations 
(No 936) Institute for Groundwater Studies, University of the 
Orange Free State 

More than 50% of South Africa is underlain by Karoo forma­
tions which are dense, fractured to a greater or lesser extent. 
and of low permeability. Boreholes in Karoo aquifers are fre­
quently low-yielding and have been considered to be unreli­
able sources of water. However, recent investigations have 
revealed that Karoo aquifers contain considerably more water 
than formerly assumed. 
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Improved insights into characteristics of Karoo aquifers 
have important implications for their management and use. 
Firstly, methods commonly employed to investigate aquifers 
need to be adapted to avoid obtaining misleading information 
concerning hydraulic characteristics. More specifically, meth­
ods need to incorporate in situ flow measurement and tracer 
tests. Secondly, Karoo aquifers are particularly susceptible to 
pollution and will have to be managed accordingly. Besides 
the need for more appropriate observational tools, it is also 
imperative that more appropriate computational techniques 
be developed for Karoo aquifers if they are to play a promi­
nent role in the water budget of the country. 

This project therefore aims to use more appropriate 
methodologies to confirm and expand knowledge of the physi­
cal characteristics of Karoo aquifers and influence on the dis­
persion of contaminants. New knowledge will be incorporat­
ed into an existing three-dimensional flow model, which will 
be used to revise management and protection strategies in 
order to improve the reliability of these aquifers as sources of 
potable water and protect them against pollution. 

Estimated cost: 
Expected term: 

R243 000 
1998-2000 
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A satellite photo of a dolerite ring near Williston. 

The Karoo dolerite sills and rings, two levels of intrusion around 
Victoria West. 

Influence of dolerite ring-structures on the 
occurrence of groundwater in Karoo fractured 
aquifers: A morphotectonic approach 
(No 937) Council for Geoscience 

Dolerite formations are intruded into the Karoo sediments 
over an area covering approximately half of South Africa. 
Dolerite dykes are well-known for their water-bearing capac­
ity and are presently the subject of a number of research 
projects. Dolerite ring-structures have, on the other hand, 
to a large extent been overlooked as potential groundwater 
exploration targets, even though they form an important 
part of the Karoo structural framework. 

Preliminary studies of the ring-structures in the central 
Karoo show that they display various morphotectonic fea­
tures which are potential groundwater exploration targets. 
A more detailed investigation is now needed to assess the 
occurrence of groundwater associated with Karoo dolerite 
sills and ring-structures using three-dimensional morpho­
tectonic models. 

The aim is to approach the study at two scales. At the 
regional scale, detailed mapping of ring-structures is envis­
aged to enable description and classification according to 
geometry, dimension, distribution and degree of fracturing, 
magnetic signature, stratigraphic position, mode of 
emplacement and conceptual model of groundwater occur­
rence. At the local scale, one or two ring-structures will be 
selected for geohydrological investigation based on informa­
tion obtained from the regional study. This will enable the 
refinement of the conceptual model of groundwater occur­
rence. 

It is expected that the results will enhance the DWAF's 
programme of providing water to rural communities in the 
Eastern Cape, where dolerite ring-structures are common 
and well exposed in relation to other geological lineaments. 

Estimated cost: 
Expected term: 

R425 000 
1998-2000 

Groundwater development for rural water 
supply in complex and problematic terrain: An 
assessment of geological controls, geophysical 
exploration methods and the quantification of 
exploitation potential 
(No 966) Council for Geoscience 

The challenge of providing developing rural areas in South 
Africa with sufficient potable water is substantial, especially 
where settlement is not densely concentrated and the ability 
to pay is low. The water requirements of these settlements 
can most cost-effectively be met from locally managed 
groundwater systems. However, as the demand for ground-
water grows and the more obvious aquifers and target fea­
tures become increasingly exploited, further development 
will have to consider problematic and complex fractured 
geological environments. 

Although drilling success rates in these regions have been 
low in the past, there are some high-yielding boreholes 
which suggests that suitable target features do exist. Low 
borehole success rates can be attributed not only to the 
nature of groundwater occurrence in this complex terrain 
but also to inappropriate exploration and/or interpretation 
methods resulting from an incomplete understanding of the 
geohydrology. 

The primary objective of this project is, therefore, to inves­
tigate the development potential of groundwater and to 
develop guidelines for groundwater exploration and develop-



ment in problematic or complex terrain. The supporting 
objectives are to: 
• Investigate the occurrence of groundwater and the geo­

logical and structural controls which distinguish high-
from low-yielding features 

• Evaluate the ability of currently used and new geophysi­
cal methods to distinguish or delineate target features 

• Quantify the exploitation potential of groundwater and 
evaluate methods for estimating sustainable aquifer and 
borehole yields. 

Estimated cost: 
Expected term: 

R833000 
1998-2000 

Pilot artificial recharge schemes: Testing 
sustainable water resources development 
in secondary aquifers 
(No 967) Water Quality Programme, CSIR 

Many towns and settlements in South Africa, a large propor­
tion wholly dependent on groundwater, face the prospect of 
having to supplement existing water sources. International 
experience has shown that artificial recharge could, through 
substantial savings on infrastructure, operation and mainte­
nance, be more cost-effective in securing a sustainable water 
resource than upgrading surface water schemes or establish­
ing new wellfields. 

Artificial recharge to secondary aquifers has been shown, 
on a limited scale, to work in other countries. In South 
Africa, artificial recharge skills are available only in respect 
of primary aquifers such as the Atlantis, Cape Flats and 
Maun aquifers. Similar skills have yet to be developed in 
areas underlain by hard secondary-rock aquifers, by far the 
most common type of aquifer in South Africa. A current 
WRC-CSIR project has established factors which might affect 
the suitability of recharge schemes in SAs secondary 
aquifers and has identified suitable artificial recharge sites. 
The logical next step is to establish pilot projects to test the 
concept of artificial recharge of secondary aquifers, to refine 
procedures and to train operators. 

The aims of this proposed project, are, therefore, to: 
• Test the artificial recharge concept in South African sec­

ondary aquifers 
• Demonstrate the potential for artificial recharge to hydro-

geologists and water resource planners 
• Train local water resource managers in the operation and 

management of pilot artificial recharge schemes. 

Estimated cost: 
Expected term: 

Rl 270 000 
1998-2001 

Amalgamation of MuniBase and WISH software 
into a user-friendly software package to be 
used by South African geohydrologists 
(No 968) Institute for Groundwater Studies, University of the 
Orange Free State 

The WRC, in close collaboration with DWAF, has sponsored 
two projects which are yielding valuable technology-transfer 
products. The one product is a database (MuniBase), 
designed for use at the municipal level to capture and pro­
vide access, not only to groundwater information, but to 
other water-related information as well. The other is a Win­
dows-based interpretation system for geohydrologists 
(WISH) comprising a powerful set of geohydrological tools 
for processing and interpreting groundwater-related data 
and information. Both products have been developed with 
the intention of overcoming specific problems experienced 

One of the injection boreholes, with the abstraction borehole in 
the background (near Calvinia, Karoo). 

by groundwater practitioners in South Africa. The intention 
was not that either product stand alone, but that they be 
used with other systems developed for the groundwater 
community over the past 10 years, mainly with WRC and 
DWAF support. 

This project, therefore, aims to bring about the necessary 
adaptations and extensions of the MuniBase and WISH sys­
tems and their amalgamation into a user-friendly, stand­
alone, Windows-based system for the benefit of the geohy­
drological community in South Africa. Software will be 
made freely available to users through the Internet. The 
envisaged product also fits in with DWAF's strategy for the 
development of a National Groundwater Information Sys­
tem for South Africa. 

Estimated cost: 
Expected term: 

R300 000 
1998 

Research pro jec ts 

Completed 
■ 291 Regional investigation into groundwater quality 

deterioration in the Olifants River catchment above the 
Loskop Dam, with specialised investigations in the Witbank 
Dam subcatchment (University of the Orange Free State -
Institute for Groundwater Studies) 

■ 378 Development of techniques for risk analysis and 
groundwater management of Southern African aquifers 
(University of the Orange Free State - Institute for 
Groundwater Studies and CSIR - Division of Water, 
Environment and Forestry Technology) 

B 487 Analysis and interpretation of aquifer tests in secondary 
aquifers (University of the Orange Free State - Institute for 
Groundwater Studies) 

■ 516 Application of seismic tomography and ground-
penetrating radar for the detection of fractures and the 
determination of hydraulic properties of fractured-rock 
aquifers (CSIR - Division of Water, Environment and Forestry 
Technology) 

■ 640 Extension and refinement of the AQUAMOD computer 
software package (University of the Orange Free State -
Institute for Groundwater Studies) 
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839 Correlation of high uranium, arsenic and other chemical 
element values in groundwater with abnormal 
haematological values (Toens and Partners CC) 

Current 
H 481 Geochemistry and isotopes for resource evaluation in 

the fractured rock aquifers of the Table Mountain Group 
(CSIR - Division of Water, Environment and Forestry 
Technology) 

■ 565 Hydrogeological, isotopic and hydrochemical 
assessment of the response of a fractured multi-layered 
aquifer to long-term abstraction (University of the 
Witwatersrand - Schonland Research Centre) 

S 572 Investigation of the contaminant attenuation capacity 
of the soil/aquifer system with special emphasis on the 
vadose zone (CSIR - Division of Water, Environment and 
Forestry Technology and the University of Stellenbosch -
Department of Soil and Agricultural Water Science) 

641 Assessment of the impact of agricultural practices on 
the quality of groundwater resources in South Africa (CSIR -
Division of Water, Environment and Forestry Technology) 

i l 653 Regional characterisation and mapping of Karoo 
fractured aquifer systems - An integrated approach using a 
geographical information system and digital image 
processing (DWAF - Directorate of Geohydrology, and the 
Council for Geoscience) 

■ 676 Preparation of a monograph on South Africa's 
groundwater resources (JR Vegter Esq.) 

S 701 Relationship between the geotechnical and 
hydrogeological properties of residual soils and rocks in the 
vadose zone (University of Pretoria - Department of 
Geology) 

H 702 Development of a Windows-based interpretation 
system for hydrogeologists (University of the Orange Free 
State - Institute for Groundwater Studies and the DWAF) 

H 720 Geohydrological modelling of the Richards Bay area 
(University of Zululand - Department of Hydrology) 

I I 721 Groundwater supply assessment and strategy for the 
Western Karoo, Namaqualand and Bushmanland (University 
of the Western Cape - Department of Earth Sciences) 

H 729 Modelling of groundwater flow in the Table Mountain 
Sandstone fractured aquifer in the Little Karoo region of 
South Africa (DWAF - Directorate of Geohydrology) 

■ 731 CFCs and groundwater age-dating in South Africa's 
fractured-rock aquifers (CSIR - Division of Water, 
Environment and Forestry Technology) 

S 732 Cost-effective development of groundwater in 
problematic terrain and low-potential areas: The evaluation 
and assessment of current drilling and groundwater 
abstraction techniques and the modification of equipment 
and methods (Water Systems Management) 

■ 733 Utilisation of tracer experiments for the development of 
rural water supply management strategies for secondary 
aquifers (University of the Orange Free State - Institute for 
Groundwater Studies) 

S3 821 Bacterial pathogens in groundwater (University of 
Durban-Westville - Department of Microbiology) 

838 A critical evaluation of groundwater monitoring in 
water resources evaluation and management (Water 
Resources Evaluation and Management CC and DWAF ) 

840 Investigation into a GIS-based methodology to 
determine the sustainable exploitability of South African 
aquifers (CSIR - Division of Water, Environment and Forestry 
Technology) 

841 Assessment of ambient groundwater quality on a 
national scale in the Republic of South Africa (Hydromedia 
Solutions and DWAF) 

842 Artificial recharge, a technology for sustainable water 
resource development for community water supplies (CSIR -
Division of Water, Environment and Forestry Technology) 

860 Preparation of a handbook on the hydrogeology of the 
Karoo supergroup (DWAF) 

862 Integrated multidisciplinary approach to groundwater 
development in granitic aquifers (University of Pretoria -
Department of Geology) 

New 
935 Evaluation of nuclear magnetic resonance (NMR) as a 
new geophysical technique for groundwater exploration in 
fractured rocks (CSIR - Division of Water, Environment and 
Forestry Technology) 

936 Flow and transport characteristics of groundwater in 
Karoo formations (University of the Orange Free State -
Institute for Groundwater Studies) 

937 Influence of dolerite ring-structures on the occurrence 
of groundwater in Karoo fractured aquifers: A 
morphotectonic approach (Council for Geoscience) 

966 Groundwater development for rural water supply in 
complex and problematic terrain: An assessment of 
geological controls, geophysical exploration methods and 
the quantification of exploitation potential (Council for 
Geoscience) 

967 Pilot artificial recharge schemes: Testing sustainable 
water resources development in secondary aquifers (CSIR -
Water Quality Programme) 

968 Amalgamation of MuniBase and WISH software into a 
user-friendly software package to be used by South African 
geohydrologists (University of the Orange Free State -
Institute for Groundwater Studies) 
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and Pollution) 
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i ! Mr HM du Plessis (Mining Pollution) 
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Agricul tural wafer management 

H rega rd ing future development potential it is apparent 
that water is relatively more limiting than land, since the 
officially projected available water only allows for an expan­
sion of 178 000 ha out of an area of 283 400 ha potentially 
suitable for irrigation. In addition there is scope for upgrad­
ing 66 700 ha of under-utilised land on irrigation schemes 
with an existing infrastructure. 

Because irrigation is the single largest user of water, it is 
very often maintained that more efficient use will lead to 
savings which can be released to meet increasing demands 
of domestic and industrial water use. This argument is 
emphasised further with the observation that on average 
only 45% of the water that is diverted or withdrawn for irri­
gation actually reaches the crop. 

Technologies are available to reduce water losses which 
occur through canal and on-farm water distribution as well 
as through field application. These include better timing of 
canal releases to prevent spillages; improving the design and 
application uniformity of irrigation equipment; changing to 
irrigation methods with higher application efficiencies; 
implementing irrigation scheduling and specific practices 
such as deficit irrigation; and breeding and cultivating crops 
that use less water. Although water-use efficiency can be 
improved, in most cases water savings within agriculture 
will only be achieved if the area under irrigation does not 
increase. As has been pointed out above, only limited scope 
exists for this to take place. Nonetheless, a profitability 
analysis of irrigation farming is necessary in order to deter­
mine whether water use per hectare can be reduced without 
expansion of the area under irrigation. Various planning 
procedures can be used for this purpose such as enterprise 
(gross margin) budgets, partial and whole-farm business 
budgeting. It is also essential to evaluate the objectives of a 
diverse group of commercial, emerging and subsistence 
farmers and to consider uncertainties of e.g. climate and 
price variables. A major influence will furthermore be exer­
cised by government policies on the transfer of water alloca­
tions and the adjustment of water tariffs. 

An analysis of the current levels of water 

and land use shows that an estimated 

53.6% of the annual water requirement 

of approximately 20 000 x 106 m3 and 

an area of 1.3 x 106 ha are apportioned 

for irrigation. 

The successful application of water-efficient technologies, 
if success is measured in terms of water saving by agricul­
tural water users, is therefore dependent on: 
• Enabling water policies and legislation 
• Economic incentives to improve farming profitability 
• Adoption of technology by farmers for water manage­

ment. 
The research projects completed and started during this 
report period all reflect a continued effort to provide practi­
cally useful decision-support to agricultural water users. 

Comple ted projects 

Flood and furrow irrigation: A critical 
evaluation of design procedures and the 
computerisation of the most suitable 
approaches 
(No 290) Department of Agricultural Engineering, University of 
Pretoria and Rehab Consultation 

In addition to the critical evaluation referred to in the title 
of this project, it also attended to further development of the 
most suitable design procedure by means of hydrodynamic 
model studies and field experimentation, preceded by an 
investigation into the validity of hydrodynamic models in 
flood irrigation. Finally the design procedure which ema­
nated from this project was field-tested. 

The results of this project are being reported on in a final 
report of four volumes; 

Volume I: Development and Computerisation of a 
Suitable Flood Irrigation Design Procedure: Summary 
Report 

This volume provides a summarised overview of the whole 
project, including an introduction to the theory on which 
the end result - a computerised design program entitled 
OPTIVLOED 2.2 - is based. It discusses the utilisation of the 
hydrodynamics of advance and recession fronts in the devel-
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opment of the design procedure. This volume is concluded 
with a design example illustrating the use of OPTIVLOED 
2.2 in the design of a flood irrigation system. 

Volume II: Critical Evaluation of Flood Irrigation 
Design Procedures 

This volume contains a critical evaluation of the existing 
flood irrigation design approaches. The basic philosophies 
and a number of historical perspectives relevant to the vari­
ous approaches are discussed. As far as the empirical design 
procedures are concerned, it is indicated that not all vari­
ables playing a role in flood irrigation are included in the 
procedures, resulting in generalisations impacting negative­
ly on the achievable application efficiency. In the case of vol­
ume-balance design procedures, it is pointed out that nei­
ther the flow dynamics nor the energy balance of the 
irrigation event is correctly incorporated in the procedure, 
resulting in questionable predictions on the performance of 
a system. Hydrodynamic design procedures, based on the 
solution of St Venant flow equations by means of computer-
supported numerical techniques, are tedious and require a 
high level of skill from the computer operator. This volume is 
concluded with a motivation for a design procedure based 
on a combination of the available hydrodynamic approach­
es, together with the incorporation of optimisation tech­
niques. 

Volume III: Evaluation of Hydrodynamic Models and 
Features Valid for Flood Irrigation in South Africa 

Two available simulation models have been evaluated utilis­
ing data collected for this project, as well as data from other 
WRC projects and projects of the Department of Agricul­
ture. Evaluation of the Sirmod model (origin: USA) indicated 
unacceptable results for SA conditions as far as the furrow 
irrigation subroutine is concerned. The local model proved 
to be superior in this regard. Both models proved to be 
acceptable for flood irrigation (border irrigation) with the 
Sirmod model at an advantage due to the ease with which 
final designs are reached. Since both models require infor­
mation on infiltration and flow resistance, this volume con­
cludes with new methods to determine these variables at an 
acceptable accuracy. 

Volume IV: Development and Computerisation of the 
Most Suitable Design Procedure for Flood Irrigation 

This volume reports on the development of the OPTIVLOED 
2.2 design approach, incorporating capabilities identified 
during the course of the project. The eventual computerised 
design package provides for graphical interaction assisting 
the operator through the optimisation techniques to reach 
an optimum design for a given set of conditions. Limited 
tests on this approach are reported on, confirming the basic 
philosophy of the model. The design program is fully bilin­
gual and can be translated into other languages relatively 
easily. 

Cost: R370 900 
Term: 1989-1997 

Scheduling irrigation of tuber crops with 
specific reference to potatoes 
(No 389) Roodeplaat Vegetable and Ornamental Plant Institute, 
Agricultural Research Council 

The effects of soil-water regimes on 14 potato genotypes 
were investigated during four autumn and three spring 
plantings. The influence of the different treatments on tuber 
yield and size distribution, tuber internal quality, root devel­
opment and water use was studied. Two physiological 
parameters, namely photosynthetic rate and stomatal resist­
ance, were evaluated as screening methods for drought tol­
erance in potatoes. 

The influence of water stress on tuber yield and size distri­
bution was seasonal: for all genotypes yield and size distribu­
tion was more adversely affected in spring plantings, when 
stress was aggravated by high evaporative demand and high 
temperatures. In spring the ranking of genotypes according 
to total yield changed for the different water regimes, indi­
cating differences in adaptability to water stress. For the 
autumn plantings yield rankings did not change as a result 
of water regimes. Water stress shifted tuber-size distribution 
downwards in all genotypes, without genotypic differences. 

Tuber relative density and chip colour was influenced by 
water regimes only in autumn, with the best quality 
obtained from the most stressed treatments for all genotypes. 
During spring, high temperature effects apparently played 
an overriding role, resulting in no differences. There was a 
high correlation between tuber yield and both seasonal 
mean stomatal resistance and photosynthetic rate. Changes 
in the magnitudes of these parameters with increasing 
water stress were good indicators of drought tolerance. Vast 
differences in water use occurred between plantings, but 
only minor genotypic differences were evident. In spring the 
highest water-use efficiencies were usually recorded for the 
drought-tolerant genotypes. Root development was not 
stimulated by drought nor was there any relationship 
between drought tolerance and rooting density. 

Cost: R308 000 
Term: 1991-1997 

Optimal water utilisation by turf 
(No 417) Department of Plant and Soil Science, Potchefstroom 
University for CHE 

Relatively large quantities of water are used in urban areas 
for irrigating turf grasses associated with sports fields and 
recreational areas. In order to avoid over-irrigation and 
wastage of water, it is important for managers of such facili­
ties to have an adequate means of estimating actual evapo-
transpiration requirements associated with desirable turf 
condition in terms of growth rate, mowing height, health, 
etc. This project, accordingly, set out to measure the water 
usage of selected turf grasses over at least one full growing 
season and to relate measured usage to potential evapora­
tion rates estimated from weather observations. Six grasses 
including five warm-season grasses (four Bermuda grasses 
and Kikuyu) and one cool-season grass (Penncross Creeping 
Bent) were evaluated at different mowing heights and fertili­
sation levels. Evapotranspiration of the grass was measured 
with the aid of small weighed lysimeters. Class A-pan evapo­
ration was used as the measure of potential evaporation. 
The research resulted in sets of crop factors recommended 
for use in scheduling the irrigation of the different grasses 
over a range of mowing heights. 

Cost: RIO5 400 
Term: 1992-1995 



Use of computer models for agricultural water 
management at farm level 
(No 625) Department of Soil Science, University of the Orange Free State 

The larger the amount of rain stored in the soil, the lower 
the risk of crop damage due to water stress. Accurate bal­
ancing of the stored soil water with the expected crop-water 
deficit is a means of lowering the risk of crop failure. This 
requires a sound knowledge of the soil-water balance and 
the quantification of each component thereof. 

This research focused on the need for a practical computer 
program, that can be run by the farmers or agricultural 
advisers themselves, for specific fields on a farm. Procedures 
were developed to estimate the evaporation of water from 
the soil surface, runoff, water uptake by crops at specific tar­
get or actual yields and water loss by drainage below the 
deepest roots. Applying these procedures requires informa­
tion that is readily available like soil depth, texture, rainfall. 
an estimation of soil wetness and target or actual yield. The 
procedures can be used to estimate the amount of rain 
stored in the soil, from harvesting of the previous crop to 
planting of the present crop. This information can be used in 
conjunction with an input of the expected precipitation, to 
estimate the obtainable yield. It can also aid the farmer in 
making a decision, based on the economic viability and risk 
involved, whether to plant or not. These procedures can also 
be used to estimate the amount of unused plant-available 
water in the soil, at the end of a growing season. Values esti­
mated by using the procedures were compared with values 
measured in farmers' fields, and were found to be of accept­
able accuracy. 

The separate estimation procedures, for each of the com­
ponents of the soil-water balance, were therefore linked in 
a single computer program. This software package will be 
available to individual farmers and agricultural advisers 
under the title SWAMP (Soil WAter Management Pro­
gramme). The distribution of this computer software pack­
age will transfer and make available technology, based on 
22 years of research results and practical expertise on agri­
cultural water management, to the dryland and irrigated 
crop producers. 

Cost: R736 400 
Term: 1994-1997 

Quality of water for livestock production 
with emphasis on subterranean water and 
the development of a water quality guideline 
index system 
(No 644) Department of Animal and Wildlife Sciences, University of Pretoria 

This project was a follow-up to Project No 310 which initiat­
ed the research into the water quality requirements for live­
stock production. In order to achieve this overall objective, 
it investigated the most important livestock production sys­
tems; the water sources utilised; the main variables of rele­
vance in these water sources and their impact on the live­
stock; and developing guideline levels for the respective 
livestock production systems and the water quality variables 
in the form of an index system. 

During the development and modelling of the water quali­
ty guideline index system, the need for a flexible guideline 
system was evident not only from the biological trials con­
ducted (which indicated the inaccuracies of a mg/I system), 
but also from the realisation that, although the main prob­
lem with a guideline was adequately accounting for the 
complexity resulting from the large number of factors 

involved, the solution to water quality problems also lay in 
the opportunities for manipulation created by these com­
plexities. 

The water quality guideline index system (WQGIS) was 
largely designed from a modelling and programming point of 
view which would allow for manipulations to be made from 
a managerial perspective to obtain a best-fit for a given water 
source, achieving this without compromising its user-friend­
liness. The developed WQGIS attempts to lead the user in 
establishing which important constituent information is 
required for a specific water source and the livestock drink­
ing it. 

The results furthermore confirm the need for experimen­
tation regarding specific water quality constituents (WQCs) 
and specific livestock species and categories for the establish­
ment of safe exposure times coupled to ingestion rates. More 
complex experiments investigating interactions between 
WQCs are required, but during this project it was felt that 
the priority lies in establishing safe ingestion rates over the 
production phase of the particular livestock type. The core 
structure of the WQGIS is such that it is relatively easy to 
incorporate new input types (such as wildlife or multiple 
species production systems). From a modelling and pro­
gramming approach a substantial amount of work has been 
completed to arrive at the current WQGIS version which not 
only performs the tasks intended with this project, but which 
can also cater for envisaged future applications. It also 
addresses WQCs that are normally not encountered in the 
natural aquatic environment, but which may be problematic 
in situations involving industrial pollution or chemical spills. 
The WQGIS also provides a means for guiding the user to 
find solutions to water sources with problematic con­
stituents by indicating possible manipulations to system fac­
tors which may alleviate adverse effects, including water, 
animal, environmental and nutritional factors. 

The biological experimentation conducted fell into three 
general categories, i.e. toxicological, palatability and interac­
tions between them. The primary aim of the toxicological 
experiments was to investigate the effects of potentially toxic 
WQCs over a short exposure period on growth and health. 
The rationale for this is that in many livestock production 
systems, a large component of the herd is comprised of stock 
destined for slaughter. As a result, potentially toxic WQCs 
with a chronic mode of action reliant on an accumulation 
over time may be tolerated by such stock as long-term effects 
are not relevant because they do not adversely affect the pro­
duction aims. Providing the health of the animal and prod­
uct quality are not compromised, WOC levels in excess of the 
current recommended guidelines can be tolerated, allowing 
for the allocation of water sources with potentially haz­
ardous constituents to livestock on the basis of a sensitivity 
index. 

The palatability experimentation investigated the effects of 
various chemical ratios on water intake and animal per­
formance, and the results focus on the calculation of opti­
mal ratios in terms of acceptability to livestock. Improving 
the palatability of saline waters used for livestock watering is 
of major importance in utilising subterranean water sources 
more effectively, as in many cases adverse palatability is a 
limiting factor for livestock production in arid and semi-arid 
regions. 

Cost: R902 000 
Term: 1994-1997 
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Integrated control of blackflies along the 
Orange River 
(No 650) Onderstepoort Veterinary Institute, Agricultural Research Council 

The problems caused by blackfly {Simulium spp.) stem from 
the fact that water resources are increasingly controlled as 
they are developed, and the natural flow variation which 
existed prior to control and exerted a degree of control, has 
been removed. The initial project investigated the use of the 
microbial larvicide Bacillus thuringiensis var. israelensis 
(B.t.i.) and an organophosphate larvicide. While these are 
effective, control was costly. Thus, this project set out to 
investigate ways of increasing the efficiency of using these 
methods of control by studying the relationship between 
population dynamics and variations in the ecosystem. 

It was found that the timing of outbreaks was variable. In 
the lower (warmer) reaches of the river, outbreaks may 
occur in winter, while in the upper (cooler) reaches, out­
breaks occurred in summer. A combination of high temper­
atures and high evaporation rates limited outbreaks during 
high summer. The life cycle of adults was estimated at 8 to 
12 d under good conditions. One of the ways in which out­
breaks could be predicted was by monitoring the population 
numbers. Farmers up and down the river routinely moni­
tored adult numbers, which gave an indication of when an 
outbreak could be expected. At the same time, staff moni­
tored larval numbers. Decisions to spray are based on num­
bers combined with other factors such as river flow and tem­
perature. It was found that a flow at Upington of 70 cumecs 
was sufficient to cause problems, but the larval habitat 
increased significantly at flows >300 cumecs. Flow can only 
be used as a control between Gariep Dam and Prieska. 
Observation indicates that Microcystis blooms may be toxic 
to larvae, and the bivalve Corbiculafluminalis may limit lar­
val numbers by competing for the same food source. While 
the alga Cladophora glomerata may play a role in natural con­
trol by providing habitat for predators, the reed Phragmites 
when trailing in the water, provides additional habitat for 
the larvae and hampers control. 

This information was brought together in a model which 
assists in the decision of when to apply larvicide. 

Investigation into food-plot production 
at irrigation schemes in the central region 
of the Eastern Cape Province 
(No 719) Faculty of Agriculture and Agricultural and Rural Development 
Research Institute (ARDRI), University of Fort Hare 

Most of the irrigation schemes developed during the 1970s 
and 1980s involved fairly sophisticated technology and con­
sisted of two components, namely a social and an economic 
component. The economic component was designed to be 
farmed as an estate by external managers, while the social 
component consisted of food plots on which crops could be 
produced mainly for subsistence purposes. These food-plot 
sections were introduced into irrigation schemes primarily 
to compensate land-right holders for making available their 
land to the estate farm. Yet, food plots have been one of the 
relatively successful aspects of irrigation-scheme develop­
ment in central Eastern Cape. 

Six different schemes with plot sizes ranging between 
0.16 ha and 2.0 ha were included in the study. The results 
suggested that an increase in the size of land holdings tend­
ed to be accompanied by a shift in the objectives of farmers 
from subsistence to market-oriented production. There was 
also a concomitant increase in the proportional contribution 
of agriculture to household income. This shift was found to 
expose farmers to a number of new challenges, of which 
production practices, marketing and financial management 
were the most important. The shift was also found to create 
new demands in terms of scheme organisation and supply of 
support services. Factors such as ready access to inputs, 
good quality land preparation, a reliable water supply and 
expert extension co-determine successful small-scale irrigat­
ed cropping. Well-organised farmers' organisations were 
found to be able to handle many of these new challenges, 
and their development needs to be encouraged and support­
ed. 

Whereas food-plot schemes appeared to be a suitable 
model of introducing irrigation on land held under commu­
nal tenure, it is not recommended for settlement schemes. 
The size of standard food plots (0.2 5 ha or less) is just too 
small to make irrigated agriculture a viable livelihood 

Cost: 
Term: 

R524 200 
1994-1998 
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Water harvesting basin tillage (WHB) plots with young sunflower 
after a rain event on the Glen/Swartland ecotype. Note the water 
accumulation in the basin. 

mtm 
Comparing sunflower seedheads from the WHB plots and the 
conventional tillage plots. 



option. However, for progression to occur at these schemes, 
suitable institutional reforms with respect to land tenure 
would need to be developed and adopted by land-right hold­
ers. From the study it appeared that a minimum plot size of 
2 ha is required in order for agriculture to become the main 
source of income for farming households. 

Cost: R196 600 
Term: 1995-1997 

N e w p r o j e c t s 

Guidelines for rehabilitation of small-scale 
farmer irrigation schemes in South Africa 
(No 891) Prof emeritus TJ Bembridge, Private Consultant 

Small-scale farmer irrigation schemes in South Africa com­
prise only approximately 48 000 ha or 3.7% of the total 
area irrigated. From a rural development and socio-econom­
ic point of view such schemes are of cardinal importance 
since more than 223 000 people are dependent at least par­
tially for a livelihood from small-scale irrigation schemes. 
Despite huge investments the performance of most small-
scale irrigation schemes has been poor. Research has shown 
that small-scale farmer irrigation schemes are beset by vary­
ing combinations of economic, institutional and social prob­
lems. 

The main motivation for this study is that large amounts 
of capital have been invested in schemes in all provinces. 
Ways and means need to be explored together with partici­
pants and the community as a whole to rehabilitate the 
schemes for the socio-economic advancement of the partici­
pants and the community. Rehabilitation of irrigation 
schemes has the potential to increase employment, house­
hold income and food security. 

Before these schemes can be rehabilitated it is necessary to 
undertake an appropriate diagnostic analysis to pinpoint 
cultural, socio-economic, institutional, production and tech­
nological constraints, as a basis for innovative changes in 
the management and participation by small-scale farmers in 
the project. The proposal is that lessons gained from case 
studies, could provide guidelines for rehabilitating similar 
schemes in different provinces. 

The most central aim of the research will be to identify 
present constraints and determine what needs to be done to 
rehabilitate the scheme. Such research involves investigating 
a number of inter-related variables such as: 
• Assess present and previous institutional arrangements, 

including the land-tenure system 
• Evaluate the impact of the project on participants and 

non-participants of the scheme 
• Assess the managerial capacity of scheme participants 
• Investigate the possibility of future participatory 

approaches to water management 
• Investigate the research, extension and training needs of 

present and future participants 
• Assess the suitability and acceptability of alternative irri­

gation technology 
• Examine the present agricultural production situation 
• Assess the economics and acceptability of various irriga­

tion farming systems. 

Estimated cost: R150 000 
Expected term: 1998 

Evaluation of a model for water use in 
deciduous fruit orchards and scheduling of 
irrigation with the aid of meteorological data 
(No 892) infruitec. Agricultural Research Council 

Several models to estimate evapotranspiration by means of 
meteorological data are already in use in South Africa. How­
ever, these models were developed for annual crops covering 
the full surface and under full-surface irrigation. It is there­
fore not applicable to orchard situations where strip irriga­
tion is practised and crop architecture makes estimation of 
water use from meteorological data more difficult. 

The "model" many fruit producers are presently using for 
irrigation scheduling is Class A-pan evaporation combined 
with estimated crop coefficients. A large number of produc­
ers still use long-term evaporation data in this model as a 
"recipe" method. Even when daily Class A-pan evaporation 
is used, it is often not realised that meteorological factors 
could have vastly different effects on pan evaporation and on 
crop transpiration. Evapotranspiration is also affected by soil 
type, soil-water content, tree size, phenological growing 
phase, training system, planting densities, irrigation system, 
irrigation cycle and various other cultivation practices. 

A reliable irrigation scheduling model which is easy to use 
and which can be linked with automated irrigation systems 
should therefore find universal acceptance. The fruit indus­
try is a major source of employment and of foreign 
exchange. Severe water restrictions superimposed on the 
announced tariff increases of water could have a detrimen­
tal effect on this industry. Improved irrigation management 
through a reliable model can save a substantial amount of 
water to the benefit of all. 

The aims of the project are to: 
• Develop and evaluate a mathematical model for prediction 

of water use of deciduous fruit trees from meteorological 
data 

• Supply guidelines for irrigation scheduling of deciduous 
fruit trees 

• Integrate the irrigation scheduling model with other mod­
els in a GIS based integrated farm management system 
and to communicate with fruit producers through the 
existing FRUITNET computer network. 

Estimated cost: R371000 
Expected term: 1998-2000 

Factors which influence the acceptance of 
irrigation scheduling wi th specific reference 
to scheduling models 
(No 893) Department of Agricultural Economics, Extension and Rural 
Development, University of Pretoria 

The supply costs of irrigation water will increase in the near 
future due to the gradual phasing out of subsidies on water 
tariffs. This will necessitate judicious use of water in order to 
minimise costs of water distribution and application. The 
best way to achieve this is by means of irrigation scheduling 
with the aid of scheduling models. 

Different models (e.g. BEWAB, SWB) for irrigation sched­
uling are available, which have been developed with WRC 
funding. However, if these models are not accepted by farm­
ers, they will not be used in practice and water will not be 
saved. It is therefore essential to determine the degree of 
acceptability of scheduling models and if necessary to make 
adjustments to improve the acceptance of such models. 
These adjustments can best be made based on a scientific 
extension analysis of the factors which influence the accept-
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ance of models as scheduling tools. 
The aims of this pilot research project are to obtain guide­

lines for commercial and subsistence farming of the accept­
ability of scheduling models on two or three different irriga­
tion schemes. 

Specific aims are to: 
• Determine the perception regarding irrigation scheduling 

in practice 
• Identify the human and environmental factors which 

influence the acceptability of scheduling models 
• Develop guidelines and make adjustments which will 

improve the implementation or practical use of schedul­
ing models. 

Estimated cost: R100 000 
Expected term: 1998 

Implementation of the FARMS (firm-level 
agricultural risk management simulator) system 
for management decision-making in irrigated 
farming 
(No 894) Department of Agricultural Economics, University of the 
Orange Free State 

In previous WRC-funded research projects, procedures and 
methods have been developed for economic evaluation of 
irrigation scheduling strategies, analysis of the cost of irri­
gation equipment, such as centre pivots, and assessment of 
the business and financial risks on a whole-farming level. 
Although this research has led to the development of power­
ful models, it can be said that there is a lack of implementa­
tion of knowledge and tools in practice. 

Successful implementation of the above-mentioned mod­
els in practice mainly depends on the following: 
• Linking of various submodels to provide decision support 

for management of the farming business unit 
• User-friendly presentation of computer programs whereby 

complex calculations are done 

• Illustrating the usefulness of models with data under dif­
ferent real-life situations. 

The goals of managers differ and a single measure of per­
formance is not applicable. The modelling system must 
therefore be flexible and make provision for evaluation of 
various management alternatives. 

The main aim of this research project is to integrate avail­
able computerised tools into a modelling system in support 
of irrigation management. In particular this will involve the 
following: 
• Integration of crop-growth models and scheduling models 

in the FARMS system 
• Inclusion of the SPILKOST 2.0 program for centre-pivot 

irrigation and further refinements to calculate the costs of 
e.g. flood, drip and micro-irrigation 

• Incorporating risk preferences for different management 
profiles and quantifying price risks in the whole-farming 
model 

• Testing the applicability of the model on irrigation 
schemes for varying scales of farming activity 

• Establishment of a user-friendly computerised decision-
support system for the economic evaluation of irrigation 
farming management. 

Estimated cost: 
Expected term: 

R358000 
1998-1999 

Investigation into the use of pathogenic 
organisms for the biological control of the 
troublesome alga Cladophora glomerata 
(No 918) Plant Protection Research Institute, Agricultural Research Council 

The alga Cladophora glomerata is a serious pest in irrigation 
and industrial canals. At times of peak demand unchecked 
growth of C. glomerata will prevent the canal from delivering 
its design capacity which will result in revenue loss not only 
to the canal owner but also to the end users of water. 

Mechanical control is only successful in the short term as 
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species on the soil moisture regime of 
traditional cropping systems in rural areas. 
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reinvasion rapidly occurs. Chemical control is expensive and 
dangerous, and is becoming increasingly unacceptable 
where water delivered is used for crops destined for export. 
While the effect lasts longer than mechanical control, it is 
not permanent. For these reasons, research is being con­
ducted on biological control of the algae. 

In the previous project of this series, several fungi with the 
potential to control C. glomerata were isolated. Further 
research is, however, necessary to investigate the practical 
application of these organisms in irrigation schemes. 

During this project, the efficacy of selected organisms to 
control C. glomerata will be investigated, as will the mass pro­
duction, formulation and application of the selected organ­
ism once its host specificity has been determined. 

Estimated cost: R266 000 
Expected term: 1998-2000 

Selection for drought tolerance in the 
germplasm of Vigna ungukulata (cowpea), 
Vigna subterranea (bambara groundnut) 
and Amaranthus spp. (marog) 
(No 944) Vegetable and Ornamental Plant Institute, Agricultural 
Research Council 

Welter stress is one of the most important environmental 
variables affecting plant growth and development. Hunger 
and malnutrition have given new urgency to drought 
research in an attempt to reduce the risk of dramatic yield 
reduction and to enhance food security. Hope for the future 
may lie in a number of unexploited and neglected species 
that have been largely ignored. Various studies conducted in 
this regard have emphasised the role of indigenous and tra­
ditional plants in providing many of the basic needs of rural 
people, such as shelter, fuel, medicine, dietary supplements 
and as a source of income. Several indigenous species are 
eminently suited for production in large areas in South 
Africa which have a low agricultural potential due to low or 
unreliable rainfall. Although cowpea, bambara groundnuts 
and marog are relatively drought tolerant, variation in toler­
ance exists. It will therefore be valuable to determine the 
variation in drought tolerance and develop a screening 
method for drought tolerance. Results from such research 
may be helpful to reduce the risk of food production for 
resource-poor farmers under dryland conditions. 

Before any final recommendations can be made regarding 
the best selected lines, the laboratory results must first be 
compared to results obtained from field trials. The selected 
lines must be planted in the field under different dryland 
conditions to confirm their suspected tolerance/sensitivity 
towards drought stress. Thus, the final selection can only be 
done after correlation of the physiological tests with the field 
evaluation. This method will help to obtain the best line for 
the specific environment where it will be planted with partic­
ipation by the communities. 

The aims of the project are as follows: 
• Physiological evaluation of drought tolerance 
• Optimisation of tissue culture and multiplication of select­

ed cultivars/lines 
• Field evaluation after tissue culture 
• On-farm trials in the communities. 

Estimated cost: R735 000 
Expected term: 1998-2002 

Two-dimensional water balance and energy 
interception model for fruit trees 
(No 945) Department of Plant Production and Soil Science, 
University of Pretoria 

It is estimated that 90% of the production of citrus and 
deciduous fruit is under irrigation. However, there is a lack 
of suitable tools to mechanistically describe the water bal­
ance of tree crops. This is because existing water-balance 
models consider a one-dimensional problem which is suit­
able for agronomic, vegetable and pasture crops, which 
cover the whole surface area uniformly. Tree crops are plant­
ed in widely spaced rows to allow access between trees to 
carry out necessary management practices (e.g. pest control 
and harvesting). Row orientation, tree size and spacing, land 
aspect and gradient all affect the amount and spatial distri­
bution of intercepted solar radiation. This will influence 
evaporation and transpiration and needs to be quantified. 
Micro-irrigation used in orchards only wets a limited area 
under the canopy of the trees, so evaporation from the sur­
face is not uniform. Interception of rain by trees is also 
channelled down the stem and drips from the edge of the 
canopy, so rain is also not evenly distributed on the surface. 
Root density varies with depth and with distance between 
the rows so that water uptake for transpiration will also vary 
in two dimensions. It is important to quantify water uptake 
between rows in order to estimate the effectiveness of rain 
and the competition for water from cover crops or weeds 
growing between the rows. 

This project involves collaborative research between the 
University of Pretoria (UP) and the University of the North 
(UNIN) for the purpose of capacity-building. Short-term 
training courses for the users of water for irrigation purpos­
es are being contemplated by the authorities of the Northern 
Province. Commendable as this is, it is only an emergency 
plan which does not offer a long-term solution. What is real­
ly needed is to create a core of expertise within the Province 
which can then address the long-term issues. It is envisaged 
that this project would be the beginning phase of developing 
this core of expertise. 

The project aims to: 
• Develop a two-dimensional fruit tree water-balance model 

which takes into account the unique fractional intercep­
tion of solar radiation associated with hedgerow orchards 
as opposed to the horizontal planar interception encoun­
tered in agronomic crops 

• Verify the model for deciduous fruit trees using peaches as 
an example 

• Verify the model for evergreen fruit trees using citrus as 
an example 

• Develop a core of irrigation expertise, within the Faculty 
of Agriculture, UNIN, i.e. to be of service, in collaboration 
with the National Community Water and Sanitation 
Training Institute, to agriculture in the Northern 
Province. 

Estimated cost: R827 000 
Expected term: 1998-2000 

Development of an integrated information 
system using the WAS, SWB and FARMS 
computer models 
(No 946) NB Systems 

In the current debate on water policy reform there is accept­
ance of integrated catchment management (ICM) with 
involvement of water user associations (WUAs) of different 
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water-use sectors. The prerequisite for successful implemen­
tation of both of these approaches is active participation by 
water users in water management on a local level, e.g. the 
individual farm and irrigation scheme. This means that 
WUAs or their appointed agents will require information 
and decision-making tools to assist in water management. 
In the case of irrigation schemes in particular, an accurate 
prediction of the quantity of water likely to be demanded is 
necessary in order to supply water from dams and canals on 
request, on time and with the least possible distribution loss­
es. 

The sequence of analysis is briefly an assessment of water 
required per crop according to season and growth stage. The 
water requirement per farm will be determined by the type 
and combination of crops grown as influenced by price 
expectations, management goals and a range of limitations 
such as available land, water, capital, labour, etc. The sum of 
water volumes required for a number of farms on different 
canal sections gives the total quantity according to which 
water releases from the dam must be calculated. 

Based on three different research projects funded by the 
WRC in the past, the water administration system (WAS), 
soil water balance (SWB) and firm-level agricultural risk 
management simulator (FARMS) computerised models have 
been developed. The decision-support tools are therefore 
available to determine the water demand per crop and farm 
and calculate the required supply of water from canals. 
What is necessary for these tools to be used for integrated 
water management is a uniform database and linking of 
crop and whole-farming models on the demand side with 
canal flow models on the supply side. The total information 
system can be implemented on a network where it can be 
used by different people to capture data, generate reports, 
calculate water releases, advise farmers on irrigation sched­
uling and efficient water use for irrigation. 

The main aim of this project is to integrate the WAS 
model, the SWB model and the FARMS model in such a way 
that it can be used as tools on an irrigation scheme to: 
• Minimise water distribution losses 
• Maximise efficiency of water use per crop by means of 

irrigation scheduling 
• Optimise crop combinations within resource limitations. 

Estimated cost: R594 000 
Expectedterm: 1998-1999 

Economic impact of changing water quality on 
irrigation farming in the Lower Vaal River 
(No 947) Department of Agricultural Economics, University of the 
Orange Free State 

In the course of economic growth and development, there is 
an increasing use of water and also return flows, which can 
contribute to the gradual deterioration of water quality. This 
applies in particular to the Vaal River system, where water 
quality worsens as river flow reduces, but improves again 
after floods. Even if water quality were not to worsen pro­
gressively over time, it is expected that the irrigability of soils 
could still be affected, which in turn would impact on the 
sustainability of crop production. 

Seasonal or cyclical decline in water quality contributes to 
both private and external costs. Private costs involve e.g. 
artificial drainage, amelioration and application of addition­
al water to leach salts; external costs refer to e.g. increasing 
salt loads in downstream river reaches. The causes and con­
sequences of deteriorating water quality can be managed by 
adapting on-farm production practices and by introducing 

policy instruments such as pollution charges. However, no 
analysis has so far been done of the long-term economic via­
bility of irrigation farming under these conditions in the 
Lower Vaal River. It must be determined whether benefits 
can be generated which at least cover private costs and inter­
nalised external costs. 

This project is an extension of a WRC-funded project on 
The effect of water quality on irrigation farming 
along the Lower Vaal River: The influence on soils and 
crops (No 740) which is currently being undertaken by the 
Department of Soil Science of the University of the Orange 
Free State. The results that will be forthcoming will be 
analysed further to determine the economic impact of 
changing water quality. 

The main aim is to develop and apply models to determine 
the long-term financial and economic viability of irrigation 
farming in the Lower Vaal River area. 

Estimated cost: 
Expected term: 

R417 000 
1998-2000 

Economic efficiency of irrigation systems for 
large- and small-scale farming enterprises 
(No 974) Department of Agricultural Economics, University of the 
Orange Free State 

Just as no theoretically founded instrument was available for 
the estimation of the cost of centre-pivot irrigation 10 years 
ago, similar instruments are still not available for the eco­
nomic and financial evaluation of the cost of micro, drip and 
flood irrigation at whole-farming level, and a need therefore 
exists to round off the technical research by introducing 
economic analyses. With the implementation of the new 
constitutional dispensation and the concomitant land- and 
water-reform initiatives, the need for financial analyses with 
regard to the viability of irrigation on small-scale farms has 
become very important, because irrigation often offers the 
only method of survival and commercial competitiveness in 
agriculture. 

A further need is that one should be able to use the above-
mentioned program for the estimation of the cost of irriga­
tion at whole-farm level to analyse the economic and finan­
cial position of small and large farming systems. This need 
has been emphasised by the Co-ordinating Committee for 
Irrigation Research. 

The economic analysis of small-farm irrigation is also a 
logical continuation of completed WRC projects on the tech­
nical aspects of irrigation. Supplementing the results of 
these projects with an analysis of the economic and finan­
cial viability of the other irrigation methods, will be a major 
contribution to the financial survival of the approximately 
40 000 small- and 15 000 medium- to large-scale irrigation 
farmers. 

Against this background the objectives of the proposed 
project include, inter alia, the following: 
• Economic and financial analyses of alternative irrigation 

systems and methods on whole-farm level for large- and 
small-scale irrigation farming 

• Critical analysis of irrigation systems and methods in rela­
tion to each other and in terms of efficiency of water use 
and energy use, as well as economic profitability and 
financial feasibility 

• Estimation of the economic profitability of irrigation sys­
tems with available financing methods. 

Estimated cost: R750 000 
Expected term: 1998-2001 



Research projects 

Completed 
■ 290 Flood and furrow irrigation: A critical evaluation of 

design procedures and the computerisation of the most 
suitable approaches (University of Pretoria - Department 
of Agricultural Engineering and Rehab Consultation) 

■ 389 Scheduling irrigation of tuber crops with specific 
reference to potatoes (Agricultural Research Council -
Vegetable and Ornamental Plant Institute) 

■ 417 Optimal water utilisation by turf (Potchefstroom 
University for CHE - Department of Plant and Soil Science) 

■ 625 Use of computer models for agricultural water 
management at farm level (University of the Orange Free 
State - Department of Soil Science) 

S 644 Quality of water for livestock production with emphasis 
on subterranean water and the development of a water 
quality guideline index system (University of Pretoria -
Department of Animal and Wildlife Sciences) 

W, 650 Integrated control of blackflies along the Orange River 
(Agricultural Research Council - Onderstepoort Veterinary 
Institute) 

E 719 Investigation into food-plot production on irrigation 
schemes in the central region of the Eastern Cape Province 
(University of Fort Hare - Faculty of Agriculture and 
Agricultural and Rural Development Research Institute) 

Current 
■ 303 Use of saline water for irrigation purposes and an 

assessment of salt tolerance criteria of crops (University of 
Stellenbosch - Department of Soil and Agricultural Water 
Science) 

a 372 Assessing the impacts of varying rainfall conditions on 
vegetation dynamics, production and certain hydrological 
properties of natural grassland, using a system modelling 
approach (Potchefstroom University for CHE - Department 
of Plant and Soil Sciences) 

B 479 Molecular approach to drought tolerance (Agricultural 
Research Council - Institute for Plant Biotechnology) 

■ 499 Effect of exchangeable sodium percentage and clay 
mineralogy on the infiltration capacity of soil already sealed 
due to cyclic irrigation (Potchefstroom University for CHE -
Department of Plant and Soil Sciences) 

S 573 Water-use efficiency of cultivated subtropical forage 
and pasture crops (University of Pretoria - Department of 
Plant and Soil Sciences) 

B 578 Evaluation of irrigation techniques used by subsistence 
and emergent farmers (MBB (CE) Inc.) 

■ 581 Computerised weather-based irrigation water 
management system (University of the Orange Free State -
Department of Agrometeorology) 

S 600 Problem blooms of macro-algae: Investigation of causal 
factors, seasonality of recruitment and growth, and 
efficiency of control methods (University of Cape Town -
Department of Botany) 

si 624 Personal computer-based procedure for the estimation 
of irrigation requirements of crops in Southern Africa (MBB 
(CE) Inc.) 

§ 645 Optimal management of uncertain water availability at 
farm and regional level with due allowance for risk and the 
environment (University of the Orange Free State -
Department of Agricultural Economics) 

■ 646 Maximisation of economic water-use efficiency of 
processing tomatoes (University of Pretoria - Department 
of Plant Production) 

■ 689 Irrigation water requirements of small-plot vegetable 
farmers (Agricultural Research Council - Institute for Soil, 
Climate and Water) 

■ 695 Establishing effects of saline irrigation water and 
managerial options on soil properties and plant performance 
(University of Stellenbosch - Department of Soil and 
Agricultural Water Science) 

B 725 Quantitative evaluation of the hydraulic properties 
of stony soils by means of laboratory simulations 
(Potchefstroom University for CHE - Department of Plant 
and Soil Sciences) 

S 740 Effect of water quality on irrigation farming along the 
lower Vaal River: The influence on soils and crops (University 
of the Orange Free State - Department of Soil Science) 

S 753 Facilitating irrigation scheduling by means of the soil 
water balance model (University of Pretoria - Department 
of Plant Production and Soil Science) 

■ 768 Evaluation of the appropriateness and management 
requirements of micro-irrigation systems in small-scale 
farming (MBB (CE) Inc.) 

S 774 Development of guidelines for appropriate training 
levels and content in support of sustainable small-scale 
irrigation development (MBB (CE) Inc.) 

B 780 Effect of the introduction of agroforestry species on the 
soil moisture regime of traditional cropping systems in rural 
areas (CSIR - Division of Water, Environment and Forestry 
Technology) 

S 798 Quantification of the water balance on rehabilitated 
mine soils under rain-fed pastures on the Highveld of 
Mpumalanga (Agricultural Research Council - Institute for 
Soil, Climate and Water) 

■ 816 Use of triploid grass carp for the biological control of 
excessive growth of water weeds in irrigation schemes 
(Rand Afrikaans University - Department of Zoology) 

■ 857 Extension to and further refinement of a water quality 
guideline index system for livestock watering (University of 
Pretoria - Department of Animal and Wildlife Sciences) 

■ 858 Influence of irrigation with gypsiferous mine water on 
soil properties and drainage water in Mpumalanga 
(Chamber of Mines) 

Wi 878 Optimising rainfall-use efficiency for developing farmers 
with limited access to irrigation water (Agricultural Research 
Council - Institute for Soil, Climate and Water) 



New 
H 891 Guidelines for rehabilitation of small-scale farmer 

irrigation schemes in South Africa (Prof emeritus TJ 
Bembridge, Private Consultant) 

H 892 Evaluation of a model for water use in deciduous fruit 
orchards and scheduling of irrigation with the aid of 
meteorological data (Agricultural Research Council -
Infruitec) 

■ 893 Factors which influence the acceptance of irrigation 
scheduling with specific reference to scheduling models 
(University of Pretoria - Department of Agricultural 
Economics, Extension and Rural Development) 

■ 894 Implementation of the FARMS (firm-level agricultural 
risk management simulator) system for management 
decision-making in irrigated farming (University of the 
Orange Free State - Department of Agricultural Economics) 

I I 918 Investigation into the use of pathogenic organisms for 
the biological control of the troublesome alga Cladophora 
glomerata (Agricultural Research Council - Plant Protection 
Research Institute) 

S 944 Selection for drought tolerance in the germplasm of 
Vigna unguiculata (cowpea), Vigna subterranea (bambara 
groundnut) and Amaranthus spp. (marog) (Agricultural 
Research Council -Vegetable and Ornamental Plant 
Institute) 

■ 945 Two-dimensional water balance and energy interception 
model for fruit trees (University of Pretoria - Department of 
Plant Production and Soil Science) 

H 946 Development of an integrated information system using 
the WAS, SWB and FARMS computer models (NB Systems) 

I I 947 Economic impact of changing water quality on 
irrigation farming in the Lower Vaal River (University of the 
Orange Free State - Department of Agricultural Economics) 

B 974 Economic efficiency of irrigation systems for large- and 
small-scale farming enterprises (University of the Orange 
Free State - Department of Agricultural Economics) 

CONTACT PERSONS 
I I Dr GR Backeberg (Agricultural Water Management) 

e-mail: backeberg@wrc.org.za  
S Mr DS van der Merwe (Irrigation and Animal 

Husbandry) 
e-mail: david@wrc.org.za 

lli Dr GC Green (Agrometeorology and Plant Physiology) 
e-mail: gcgreen@wrc.org.za 

■ Mr HM du Plessis (Salinisation) 
e-mail: meiring@wrc.org.za 

"S (012)330-0340 
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Nationally, sustainable development 

is a corner-stone policy adopted by 

DWAF. Accordingly, ever-increasing 

emphasis has in recent years been placed 

by the WRC on balancing research 

priorities in industrial wastewater 

management between effluent treatment 

technologies and source reduction. 

til 
Mggtjffl 

EH he he former includes the full range of physico-chemical 
and biological processes available for minimising the impact 
of industrial effluent discharges on the receiving environ­
ment. By contrast, source-reduction initiatives include waste 
minimisation, cleaner production and cleaner technology. 
Examples are process substitutions using more environmen­
tally friendly methods and materials, synergistic combina­
tions of wastes to produce additional useful products, the 
conversion of "problem waste" materials into more environ­
mentally benign or valuable co-products and process inte­
gration using inter alia pinch technology to achieve water 
savings. A useful methodology for rationally deciding on the 
relative advantages of post-production treatment and 
source-reduction intervention is "life cycle assessment" 
whereby all the environmental impacts associated with 
alternative production/processing/treatment/discharge 
options can be quantitatively and holistically determined. 
The impacts assessed include material and energy consider­
ations, with both local and remote factors being considered. 
Such considerations support current policy initiatives by 
DWAF, Department of Environmental Affairs and Tourism 
(DEAT) and Department of Trade and Industry (DTI) (sus­
tainable development; national waste management strategy; 
cleaner production). 

Regionally, the water-scarce RSA situation precludes the 
option of a "solution to pollution by dilution". Environmen­
tal stresses are evident in inland areas (salinisation and 
eutrophication from salt and nutrient discharges to receiv­
ing water bodies from domestic, industrial and mining 
sources), in coastal areas (excessive disposal of liquid indus­
trial effluents to waste disposal or landfill sites) and off-shore 
(increasing discharge of effluents to the marine environ­
ment in commercially or ecologically sensitive situations). 
The national water-scarce context obviously promotes the 

reduction of freshwater use for industrial processing purpos­
es, with a consequent need for recycling and (often) a con­
comitant increase in the concentration of industrial pollu­
tants, even when the mass load discharged is reduced. Such 
trends affect both the economies of recovering additional 
products from "waste streams", and the treatment require­
ments for residual effluent discharges. 

Completed projects 

Transfer of wastewater management 
technology to the meat-processing industry 
(No 239) SRK (CE) Inc. and Abakor Ltd. 

This project was aimed at providing the red meat abattoir 
industry with a low-cost, low-risk opportunity of using and 
assessing in their own environment, the available mem­
brane technology not yet utilised for this purpose. 

The performance of locally manufactured membranes 
compared reasonably well with that of imported non-cellu-
losic membranes. Rejections of COD, by UF in particular, 
were very good, but other rejections by UF are worth noting 
in that they were not fully expected, including: 
• An apparent salt rejection of 25%, measured as conduc­

tivity 
• A typical rejection of about 85% of soluble phosphates, 

possibly as a result of complexation with proteinaceous 
materials. 

As the trials proceeded, it became clear that the more gentle 
cleaning techniques were becoming less effective and that 
clean membrane fluxes were not being fully recovered. The 
harsher cleaning techniques were somewhat more effective, 
and in most cases more expensive, but promoted the risk of 
damaging the membranes with repeated use, potentially 



shortening the life of the membranes. After some months 
of this declining trend in membrane cleaning efficiency, it 
appeared that the entire exercise may have to be aborted on 
the basis of high cleaning costs, excessive down-time during 
inordinately long cleaning runs, and membrane damage. 

A series of short laboratory-controlled cleaning trials 
using enzymatic preparations, designed for general cleaning 
in the abattoir, on fouled membranes, was carried out at the 
Institute for Polymer Science, University of Stellenbosch, 
and yielded spectacular results. When chemical cleaning 
was assisted by sponge balling, flux improved more than 
threefold. No damage to the membranes was detected as a 
result of using these preparations. 

Cost: R169 000 
Term: 1989-1995 

Utilisation of the fungus Geotrichum in 
wastewater 
(No 315) Department of Chemical Engineering, University of Pretoria 

In this project, growth kinetic constants were determined for 
three species of Geotrichum which dominate in an open, 
selective cultivation process. Using these growth kinetic con­
stants and Monod kinetics it was possible to explain which 
combinations of biomass dilution rates and effluent sub­
strate concentrations would favour the selection of specific 
species. 

These results are significant in that the process has now 
for the first time been characterised to such an extent that 
the conditions may be tailor-made to produce the correct 
species of Geotrichum to suit the requirements of industry. 
Growth kinetics have been made available to predict growth 
of the Geotrichum species under various conditions. Under 
certain conditions, more proteins are produced, whereas, 
under other conditions, another species may dominate, 
which does not produce so much protein biomass, but is bet­
ter able to break down organics in effluents. From these 
results industry will now be able to specify plant operating 
conditions in advance, depending on whether protein pro­
duction or effluent treatment is the most important objec­
tive. 

Although these results still have to be verified under real 
operating conditions, an important step forward has been 
taken in the treatment of effluents with the simultaneous 
production of a valuable protein by-product. 

Cost: R293 000 
Term: 1990-1992 

Improvement in water usage control and 
wastewater treatment in the sorghum beer 
industry 
(No 342) Department of Chemical Engineering, University of Pretoria 

The sorghum beer industry in South Africa daily consumes 
approximately 10 000 m3 of water. The specific water con­
sumption per unit of beer is considerably higher than that 
of the malt beer industry. Sixty per cent of the water intake 
ends up as an acid effluent with high loads of suspended, 
colloidal and discharged organic matter. Most of the effluent 
is discharged to the municipal sewerage system after little, if 
any, pretreatment. This project was aimed at reducing water 
consumption in sorghum beer brewing and at reducing the 
acidic and organic load of effluents discharged via municipal 
sewers. 

A pilot-scale study demonstrated that the filter-bag sys­
tem, incorporating simple installation and operation, pro­
duced unparalleled results in terms of the prevention of pipe 
blockages and concomitant operational problems, and that 
it is a cost-effective solution. 

A wedge-wire screen showed further improvement in 
wastewater quality with the possible production of a usable 
by-product. The wedge-wire screen also serves as effective 
forerunner to subsequent treatment processes such as coag­
ulation and/or sand filtration. The use of a wedge-wire 
screen with openings smaller than 0.45 mm will also result 
in increased solids removal. The decision of whether to use a 
screen or not, should, however, rest with the results of a par­
ticle characterisation analysis. 

The upflow sand-filter runs, with or without coagulation, 
proved that the method is viable for producing reusable 
wastewater in the sorghum industry. 

A possible process design for the effective treatment of 
mainly sorghum beer-brewery wastewater is the following: 
• Four disposable bag filters (10 mm openings) positioned 

at the outlet of wastewater pipes 
• A wedge-wire parabolic screen with at least 0.45 mm 

openings and large enough to accommodate the maxi­
mum wastewater flow 

• Controlled effluent pH neutralisation with lime and 
upflow sand filtration of sufficient effluent to serve the 
specified reuse needs of the plant. 

Cost: R47 000 
Term: 1990-1996 

Phenols in the steel industry wastewater: 
Origin, prevention and removal 
(No 409) Department of Chemical Engineering, University of Pretoria 

Phenols are generally found in the steel and stainless steel 
production industry, especially where coking is used. They 
end up in the water during slaking and from slag dumps find 
their way into storm- and groundwater. Phenols can import 
a bad taste to water even at low concentrations, causing 
problems in mainly water purification as chlorination aggra­
vates the taste problem. The objectives of the project were to 
quantify the problem regarding phenols in the steel industry 
and to create a management programme which will prevent 
phenols from ending up in effluents. 

The first part of the investigation was aimed at determin­
ing the amount of pollution with phenolic compounds from 
Iscor's Pretoria works. Phenolic compounds were released 
by old dumpsites in leachates from this site. The concentra­
tions were low and diminishing over time and it would 
appear that they will dwindle to very low levels within the 
next 15 to 20 years. 

The second part of the investigation was conducted at 
wastewater "evaporation" ponds belonging to stainless steel 
manufacturers in Middelburg. It was found that these ponds 
contained extremely high concentrations of phenols, in fact 
high enough to consider recovery of the phenolic com­
pounds rather than its destruction. Unfortunately research 
in this regard could not be initiated. 

Cost: R39 000 
Term: 1991-1996 



Development of procedures to assess whole 
effluent toxicity 
(No 453) Division of Water, Environment and Forestry Technology, CSIR 

The complexity of effluents produced by modern society 
cannot be successfully monitored by conventional chemical 
tests. However, various biological tests are cost-effective 
ways to determine the toxicity and dilution requirements of 
effluents. DWAF has identified whole effluent toxicity (WET) 
testing as an appropriate tool to assess the suitability of haz­
ardous effluents for discharge to receiving waters. 

During this project a variety of tests were evaluated and 
their methods described. While many of these were identi­
fied as suitable for acute tests, the need for short-term chron­
ic tests was identiled especially for use on low-toxicity efflu­
ents. This aspect is being addressed in a follow-up project 
(WRC K5/952) being carried out by the same research insti­
tution (see Water Quality Management). 

This report is accompanied by a set of guidelines on WET 
testing. 

Cost: R359 700 
Term: 1992-1998 

Development of an expert systems approach to 
water management in the fruit- and vegetable-
processing industry 
(No 458) SRK (CE) Inc. 

Measures to improve water management in the fruit- and 
vegetable:processing industry (the Industry) have generally 
focused on line-specific actions. It was originally envisaged 
that a practicable expert system for water management in 
the Industry would be based on monitoring and reporting 
the water use for individual commodities or processing activ­
ities in a format which would transparently identify problem 
areas. Appropriate remedial actions could then be taken by 
the Industry to maintain water-use efficiency at or close to 
the minimum target levels identified, improving compliance 
with the water management objective(s) selected, e.g. more 
conservative, more consistent or more cost-effective use of 
water to achieve the commercial production aims of the 
Industry. 

During the execution of the project, the seasonally orien­
tated nature of the Industry was found to exert a more sig­
nificant influence on water-use efficiency than previously 
realised. At high levels (>50%) of factory capacity utilisa­
tion the factory specific water intake (SWI, ld/t) tended to a 
minimum level (7 to 8 ld/t) and at low levels (<10%) of fac­
tory capacity utilisation, the factory SWI rose to much high­
er values (up to 40 ld/t). The factory capacity utilisation was 
not uniquely associated with one or more particular com­
modities, indicating that the commodity SWI-values gener­
ally ascribed to line-specific factors were influenced also by 
the overall factory production rate. Factories in the Industry 
could thus usefully define initial water management targets 
based on historical production/capacity utilisation, before 
embarking on a more ambitious water-metering programme 
in which detailed processing water uses are exhaustively 
monitored. The results obtained and the conclusions 
reached provide a valuable basis for an expert systems 
approach in which realistic water management objectives in 
the industry can be sensibly set in relation to production. 

Cost: R227 000 
Term: 1992-1995 

Use of filamentous micro-organisms for 
the purification of industrial effluents 
(No 535) Department of Chemical Engineering, University of Pretoria 

A promising effluent treatment method had previously been 
developed by the Division for Water Utilisation Engineering 
of the University of Pretoria. In this method a cross-flow 
sieve bio-reactor system, running at low pH, is used to select 
for filamentous fungal micro-organisms. The effluent is puri­
fied, while single-cell protein is produced simultaneously by 
harvesting the filamentous organisms. In this project, the 
research team aimed to select a thermotolerant filamentous 
fungal organism for the treatment of pulp and paper efflu­
ent. 

They succeeded in selecting a thermotolerant fungus, 
Aspergillus fumigatus, on the specific effluent used in this 
study. The organism, which has not yet been exploited else­
where in the world in such an application, is able to grow 
well at 45°C in suspension, resulting in eliminating the need 
for any further cooling of the effluent. Since concern exists 
regarding the safety of process workers due to possible con­
tamination of the air with spores or viable fungal material, 
tests have been conducted to quantify the amount of viable 
fungal material in the environment around the laboratory 
reactor. No significant amounts of fungal material could be 
detected in the working area of the laboratory-scale process. 
The only two possibilities for the recovery of by-products 
that were explored for commercial exploitation are single-
cell protein and cellulase. However, there are strong indica­
tions that the biomass can be used in secondary steps for the 
production and extraction of various other metabolites. 

Cost: R194 000 
Term: 1993-1995 

Extraction of ionic and chemical species from 
water by capsulated membrane extraction 
(No 761) Department of Chemical Engineering, Potchefstroom 
University for CHE 

In this project the extraction of polluting heavy metals and 
other chemicals from a feed solution through a membrane 
into a strip solution was investigated, using supported liquid 
membranes. This concept comprises a capsule containing 
the so-called strip solution, impregnated with the correct 
extractant which would effect the extraction. 

The extraction of nickel with suitably formed membrane 
capsules gave extraction rates and total extraction values 
which were dependent on the following five variables: 
• Temperature 
• Speed of agitation on the feed side (Reynolds number) 
• Acid concentration in the strip (inside) solution 
• Special ligand concentration in the feed-side solution 
• Extractant concentration in the membrane. 
Each of the variables increased the extraction rate and the 
combined nett effect was an increase of at least 100 times 
greater extraction than reported in literature. Furthermore, 
an empirical rate equation was developed which yielded a 
polynomial expression in terms of all the independent vari­
ables mentioned. This rate equation is a powerful tool to pre­
dict and determine the required size of a plant using this 
technology. 

Cost: R100 000 
Term: 1996 



N e w p r o j e c t s 

Development of bioreactor systems for the 
conversion of organic compounds in industrial 
effluents to useful products 
(No 939) Department of Biochemistry and Microbiology, Rhodes University 

Toxic organic compounds in industrial wastewaters repre­
sent an environmental hazard to the community and an 
expensive material waste to the producer. The fields of bio-
transformation and bioremediation offer the potential both 
for limiting or neutralising the toxic effects of various organ­
ic compounds which are present in the industrial 
water/effluent cycle, as well as the possibility of converting 
some of these compounds to economically valuable by-prod­
ucts (the latter aspect obviously enhances the prospects for 
implementation of such bioprocesses by industry). Major 
advantages of biotransformation methods over chemical 
synthesis are the mild, environmentally friendly conditions 
required, the efficiency and specificity of biological catalysts 
(not easily achieved by conventional chemical methods), 
and the ability of enzymes to catalyse reactions where unre-
active molecules (e.g. benzene, xylene) are converted to 
more reactive molecules (e.g. cyclohexene-diols) which also 
have chirality (optical activity). Such selectivity (stereospeci-
ficity) is extremely important in the pharmaceutical and fine 
chemical industries, where different optical isomers can. 
have very different biological activities. 

Specifically, the project aims at: 

• Further development of fundamental understanding of 
the oxidative enzymatic processes involved in the bio-con­
version of toxic organic pollutants present in certain 
major industrial effluents to saleable products which can 
off-set the costs of water reclamation 

• Applying this fundamental knowledge to the design of 
practical bioreactor systems. 

Estimated cost: R595 000 
Expected term: 1998-2000 

Electrochemical treatment of water and 
effluents 
(No 940) Department of Chemical Engineering, Potchefstroom University 

Electrochemical (EC) treatment of wastewaters has some 
significant technical advantages over chemical dosing meth­
ods, particularly in that counter-ions e.g. chloride are not 
produced while generating cations e.g. ferric ions for floccu-
lation. It has also been shown that very high phosphate and 
fluoride concentrations, up to thousands of mg//, can be 
reduced to guaranteed levels below 1 mg/J using EC treat­
ment. Such benefits have previously been negated by the 
high cost of EC processes. 

The project aims to "revisit" EC treatment of wastewater, 
using modern electric, electronic and control technology. 
The approach proposed is to employ sacrificial scrap-elec­
trodes, allied with the potential for using solar or wind ener­
gy, which could result in a "clean technology" treatment 
option which is also cost-competitive. Promising initial 
results have been obtained from preliminary pilot trials on 
various industrial effluents, acid mine drainage, sewage and 
potable water using an existing pilot plant (1 MJ/d). In addi­
tion to the use of scrap sacrificial electrodes, further cost 
advantages could also be derived by the development of a 
generic EC-reactor which could handle scrap. A sophisticat­
ed generic EC-reactor with a range of sacrificial scrap metal 
electrodes and geometries will be thus be developed and test­

ed as a parallel objective of the project. Objectives for this 
research are thus to exploit the existing pilot-scale EC-reac­
tor, to establish its performance characteristics and optimise 
operating costs in the applications indicated, and to develop 
a more generic reactor which could handle scrap metal. 

Estimated cost: R335 000 
Expected term: 1998-1999 

Research and development of electronic 
distance-learning methodology for the 
education and training of industrial waste-
water treatment personnel 
(No 941) LIRI Technologies, Rhodes University 

A recent WRC study estimated that of some 5 000 workers 
in the wastewater treatment industry, many have little for­
mal training in the jobs in which they are employed. The 
education of adults already in employment and vocational 
training for those entering the field requires specific, sus­
tained inputs. The diversity of wastewater treatment plants 
and their spread through companies and towns across 
South Africa creates almost insurmountable obstacles for 
any programme of conventional education targeting a 
meaningful impact on the development of personnel work­
ing in the field. There is also a growing need for knowledge 
to be transferred to communities as they are drawn into 
water-care issues, which implies the acquisition of both 
technical and communication skills by workers in this field. 

The project aims at: 
• The structuring of an education- and training-based 

career path for human resource development in the 
wastewater treatment industry, providing progress from 
operative through to plant management qualifications 

• The research and development of an effective, low-cost 
electronic distance-learning technology focused on the 
education and training requirements and the specific 
delivery needs associated with the diverse and widely 
spread wastewater treatment industry 

• The research, development and piloting of course materi­
als required for the delivery of the education and training 
programme 

• The evaluation of the performance of adult learners and 
the provision of feedback into both the course develop­
ment and electronic delivery processes. 

Estimated cost: R432 000 
Expected term: 1998-2000 

Solid stabilisation of soluble wastes from 
the ferro-alloy industry 
(No 942) Mineralogy and Process Chemistry, Council for Mineral Technology 

Local industries endeavour to reuse and recover pure water 
from industrial effluent by desalination, e.g. reverse osmosis 
(RO). However, RO processes produce concentrated brines 
which have to be stored in expensive lined dams to prevent 
the contamination of natural river courses. In addition to 
the shortage of and unproductive use of available land, 
these dams become more difficult to manage in the longer 
term and require expensive maintenance to prevent spills 
and leakages. The potential of RO and other water-recovery 
options for the enhancement of existing water resources can 
only be fulfilled in the longer term if a suitable option for the 
disposal of brines can be found. 

In 1996 Mintek embarked on a preliminary study to 
investigate the solid stabilisation of brines by forming new 
mineral phases in cement-based composites which act as 



internal barriers to contain the soluble salts. The results of 
the study using local brines and ashes were very encouraging, 
with some soluble components in the brine stabilised up to 
50%. This approach is to be extended to wastes generated in 
the ferro-alloy industry, which is expected in the future to 
compete with the gold industry in terms of exports. The proj­
ect aims are to: 
• Optimise the production of solid stabilised soluble wastes 

generated in the production of ferrochromium and stain­
less steel, by the manufacture of cement bricks/blocks 
using wastes available on site: low-quality recycle water, 
slag and baghouse dust 

• Evaluate the teachability of soluble salts and toxic compo­
nents (Cr(VI)) from the manufactured bricks/blocks by 
internationally accepted procedures to access this disposal 
route in terms of the potential impact on the environment 

• Assess the solid stabilisation products as potential building 
construction materials, including evaluation of the eco­
nomic potential for the manufacture of these products and 
their utilisation in the national Reconstruction and Devel­
opment Programme (RDP). 

Estimated cost: R205 000 
Expected term: 1998-1999 

Process development and system optimisation 
of the integrated algal trench reactor process 
for sulphate biodesalination and heavy metal 
precipitation in mining and industrial effluents 
(No 972) Department of Biochemistry and Microbiology, Rhodes University 

Mine drainage waters and certain industrial effluents con­
taining heavy metals and high sulphate levels present urgent 
and intractable environmental impact problems which have 
reached critical proportions on the East Rand ("the Grootvlei 
crisis") and are also widespread elsewhere in mining areas 
both in the RSA and abroad. Apart from the adverse environ­
mental impacts associated with large volumes of acid mine 
drainage (over 100 Ml/d currently contaminate the ecologi­
cally sensitive Blesbokspruit RAMSAR site with metals and 
salts), this represents a large untapped resource of low-grade 
water (e.g. up to 50 x 106 m3 annually in the Nigel area). 

WRC-sponsored research on algal ponding technologies, 
undertaken in the Department of Biochemistry and Micro­
biology at Rhodes University over a number of years, has 
resulted in the development and patenting of a novel process 
for effecting the linked removal of heavy metals and sulphate 
from such wastewaters. The progress in algal integrated pond­
ing systems (AIPS) includes development from fundamental 
and laboratory studies, through piloting, to construction of 
full-scale and demonstration plants applied to a range of 
wastewaters at a number of sites. The development of the 
novel double-deck trench digester integrated together with 
the AIPS is an innovative contribution to the field providing 
both potentially high-rate sulphate reduction and photosyn-
thetic conversion of sulphide to elemental sulphur (WRC pro­
visional patent). 

Due to the urgency of the situation, empirical evaluation of 
the process has been accelerated despite the relatively early 
stage reached in developing a fundamental understanding of 
the biological processes involved. The broad objective of the 
project is to expand the knowledge base, and develop the fun­
damental design principles necessary for rationalising process 
development and functional performance optimisation of the 
algal trench reactor process for sulphate biodesalination and 
heavy-metal precipitation in these effluents. 

Application of pinch technology as a strategic tool in the rational 
management of water and effluent in an industrial complex. 
(Project No 851). 

Waste minimisation and effluent treatment 
clubs - Phase 1: Initial assessment and pilot 
study 
(No 973) Pollution Research Group, University of Natal 

There is a national development programme to promote and 
support the establishment of industrial small, medium and 
micro enterprises (ISMMEs) in the RSA. International expe­
rience has indicated that cumulatively these organisations 
are significant sources of pollutants (air, water and solid 
waste). These diverse and intermittent discharges have a 
detrimental effect on the operation of sewage treatment 

Estimated cost: R922 000 
Expected term: 1998-2000 
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works and impact negatively on downstream water users. 
Individually members of this sector do not have the knowl­
edge or resources (financial or technical) to address these 
issues. The usual sources of information on effluent treat­
ment (engineering consulting services, equipment vendors, 
local authorities) are generally beyond the reach of such 
enterprises or are otherwise precluded. 

An alternative approach, which has been successfully 
applied internationally, is to incorporate ISMMEs into 
regional waste minimisation and effluent treatment clubs, in 
which cleaner production practices can be cost-effectively 
established. Experience from Europe has indicated that it 
takes time to establish the culture of waste minimisation 
clubs, but once established, large savings (financial and 
environmental) can be achieved. In the RSA, the develop­
ment of a framework for such a waste minimisation pro­
gramme would enable similar exercises to be repeated in all 
the major industrial areas of the country using local expert­
ise. 

The overall objective of the project is thus the preserva­
tion and improvement of water quality through the preven­
tion of industrial water pollution and the reduction in the 
demand for industrial water by implementing cleaner pro­
duction principles. 

Aims to achieve these objectives are: 
• The development of the concept of waste minimisation 

clubs in South Africa 
• A contribution to the establishment of competitive 

ISMMEs in South Africa 
• The promotion of the concepts of waste minimisation, 

cleaner production and sustainable development among 
ISMMEs, tertiary educational institutions, local authori­
ties, government agencies and professional consultants 

• The promotion of energy efficiency and indirectly reduc­
ing the impact of the power industry on the aquatic envi­
ronment. 

Estimated cost: 
Expected term: 

Rl 150 000 
1998-2000 

CONTACT PERSONS 

Ei Mr GN Steenveld (Industrial and Municipal Wastewater 
Treatment) 
e-mail: greg@wrc.org.za 

S Dr G Offringa (Membrane Applications) 
e-mail: offringa@wrc.org.za 

m Dr SA Mitchell (Sanitation and Health Aspects) 
e-mail: steve@wrc.org.za 

•S (012)330-0340 

Research pro jects 

Completed 
239 Transfer of wastewater management technology to the 
meat-processing industry (SRK (CE) Inc. and Abakor Ltd.) 

315 Utilisation of the fungus Geotrichum in wastewater 
(University of Pretoria - Department of Chemical 
Engineering) 

a 342 Improvement in water usage control and wastewater 
treatment in the sorghum beer industry (University of 
Pretoria - Department of Chemical Engineering) 

B 409 Phenols in the steel industry wastewater: Origin, 
prevention and removal (University of Pretoria - Department 
of Chemical Engineering, Division for Water Utilisation 
Engineering) 

453 Development of procedures to assess whole effluent 
toxicity (CSIR - Division of Water, Environment and Forestry 
Technology) 

458 Development of an expert systems approach to water 
management in the fruit- and vegetable-processing industry 
(SRK (CE) Inc.) 

535 Use of filamentous micro-organisms for the purification 
of industrial effluents (University of Pretoria - Department of 
Chemical Engineering, Division for Water Utilisation 
Engineering) 

761 Extraction of ionic and chemical species from water by 
capsulated membrane extraction (Potchefstroom University 
for CHE - Department of Chemical Engineering) 

Current 
241 Dewatering of compressible filter cakes (University of 
Natal - Department of Chemical Engineering) 

308 Recovery of water and chemicals from ion-exchange 
regeneration effluents (University of Natal - Department of 
Chemical Engineering) 

H 331 Improved oxygen transfer for high biosludge 
concentrations (University of Pretoria - Department of 
Chemical Engineering) 

388 Evaluation of various methods for the forming of free 
radicals for the oxidation of molecules in industrial effluents 
and potable water (University of Natal - Department of 
Chemical Engineering, Pollution Research Group) 

I I 455 Anaerobic digestion of dairy factory effluents 
(Agricultural Research Council - Irene Animal Production 
Institute) 

H 457 Monitoring and optimisation study of high-rate 
biofiltration, aerobic biological treatment processes for 
tannery and fellmongery wastewater (Rhodes University -
LIRI Technologies) 

H 495 Biotechnological approach to the removal of organics 
from saline effluents (Rhodes University - Department of 
Biochemistry and Microbiology) 

H 546 Development and demonstration of effluent treatment 
systems appropriate to the needs of the red meat abattoir 
industry (SRK (CE) Inc.) 

S 551 Evaluation of the potential quantity of methane gas 
from 85 anaerobic household digesters (BE La Trobe) 

mailto:greg@wrc.org.za
mailto:offringa@wrc.org.za
mailto:steve@wrc.org.za


S 552 Evaluation of immobilised semi-conductor particles for 
the photo-catalytic oxidation of organic pollutants in 
industrial and municipal wastewater (University of 
Stellenbosch - Department of Chemistry) 

S 616 Use of algal and yeast biomass to accumulate toxic and 
valuable heavy metals from wastewater (Rhodes University -
Department of Biochemistry and Microbiology) 

■ 652 Purification of abattoir effluents by means of the 
protein reclamation process (Abakor Ltd.) 

S 657 Course development for the education and training of 
industrial wastewater treatment plant operators and 
managers (Rhodes University - Department of Biochemistry 
and Microbiology) 

S 658 Algal high-rate oxidation ponding for the treatment of 
abattoir effluents (Rhodes University - Department of 
Biochemistry and Microbiology) 

H 659 Purification of high organic effluent by means of a tent-
type anaerobic digester (Abakor Ltd. - Multilog Division) 

■ 660 Development and implementation of biological cleaning 
techniques for ultrafiltration and reverse osmosis 
membranes for industrial effluents with a high organic 
content (University of Stellenbosch - Department of 
Biochemistry) 

B 667 Enhanced granulation in upflow anaerobic sludge-bed 
digesters (UASB) by process induction and microbial 
stimulation (University of Stellenbosch - Department of 
Food Science) 

■ 673 Complete treatment of dairy factory effluents by means 
of primary anaerobic digestion and secondary algal protein 
production (Agricultural Research Council -Animal Nutrition 
and Animal Production Institute) 

■ 674 On-site evaluation of an anion-free flocculant for 
industrial cooling systems (University of Natal - Pollution 
Research Group, and Eskom) 

S 687 Membrane-based biotechnological systems for 
treatment of organic pollutants (Rhodes University -
Department of Microbiology) 

H 759 NATSURV: Water and wastewater management in the 
petrochemical industry (CSIR - Division of Water, 
Environment and Forestry Technology) 

S 760 Waste minimisation and effluent treatment guide for 
the textile industry (University of Natal - Pollution Research 
Group) 

■ 762 Survey of anaerobic digesters in the KwaZulu-Natal 
region in order to assess their availability for the treatment 
of high strength or toxic organic effluents (University of 
Natal - Pollution Research Group) 

■ 763 Biotechnological approach to the management of 
effluents from the pulp and paper industry (University of the 
Orange Free State - Department of Microbiology and 
Biochemistry) 

8 766 Utilisation of earthworms and associated systems for 
treatment of effluent from red meat abattoirs (Abakor Ltd. -
Multilog Division) 

S 778 Total recycling of effluent from the protein recovery 
process appropriate to the red meat and poultry abattoir 
industries (Abakor Ltd. - Multilog Division) 

E 826 Operation and monitoring of the WRC/LIRI wastewater 
treatment pilot plant for industrial effluent research and 
training of wastewater treatment personnel (Rhodes 
University - LIRI Technologies) 

H 827 Detection methods for studying the ecology of 
Legionella in cooling-water systems (University of Pretoria -
Department of Microbiology and Plant Pathology) 

■ 845 Development of bioreactor systems for the treatment of 
heavy metal containing effluents (Rhodes University-
Department of Biochemistry and Microbiology) 

■ 851 Application of pinch technology as a strategic tool in 
the rational management of water and effluent in an 
industrial complex (University of Natal - Pollution Research 
Group) 

S 853 Assessment of a baffled (compartmentalised) anaerobic 
digester for the treatment of high-strength and toxic organic 
industrial effluents (University of Natal - Pollution Research 
Group) 

S 869 Biological sulphate desalination and heavy metal 
precipitation in industrial and mining effluents using the 
algal integrated ponding system (AIPS) (Rhodes University -
LIRI Technologies) 

New 
■ 939 Development of bioreactor systems for the conversion 

of organic compounds in industrial effluents to useful 
products (Rhodes University- Department of Biochemistry 
and Microbiology) 

■ 940 Electrochemical treatment of water and effluents 
(Potchefstroom University for CHE - Department of 
Chemical Engineering) 

■ 941 Research and development of electronic distance-
learning methodology for the education and training of 
industrial wastewater treatment personnel (Rhodes 
University - LIRI Technologies) 

8 942 Solid stabilisation of soluble wastes from the ferro-alloy 
industry (Council for Mineral Technology, Mineralogy and 
Process Chemistry) 

B 972 Process development and system optimisation of the 
integrated algal trench reactor process for sulphate 
biodesalination and heavy metal precipitation in mining and 
industrial effluents (Rhodes University - Department of 
Biochemistry and Microbiology) 

■ 973 Waste minimisation and effluent treatment clubs -
Phase 1: Initial assessment and pilot study (University of 
Natal - Pollution Research Group) 



Membrane technology 

H nnovative research and development are continuing on a 
number of potential applications and new patents have been 
registered or are pending. Fields of application for these 
innovations include the desalination of sea and brackish 
water, purification of surface and polluted waters for potable 
use, and the treatment of industrial effluents. Membrane 
separation processes are increasingly being developed and 
evaluated for water supply to rural and peri-urban commu­
nities. Further development is continuing on the all-impor­
tant control of membrane fouling. Noteworthy results in 
fouling control are being obtained with electromagnetic, 
physical, membrane surface modification, in situ enzymatic, 
and "defouling-on-demand" enzymatic methods. Exciting 
new developments in affordable ceramic and catalytic mem­
brane technology are being followed up and evaluated. Man­
ufacturing techniques have not been lagging. New capillary 
membrane cross-flow modules and improved 200 mm diam­
eter parallel-flow modules have been successfully manufac­
tured. Studies on the use of new spherical supported liquid 
membranes for heavy metal removal from mining effluents 
show considerable promise. 

Attention is increasingly being given to the building of an 
empowered manpower base in the membrane field. Joint 
research and general co-operation between the Universities 
of Stellenbosch, Rhodes, Western Cape, South Africa, and 
the Technikons ML Sultan, Cape, Peninsula and Northern 
Gauteng have not only resulted in exciting technical devel­
opments, but have also created a core of knowledgeable sci­
entists and technologists in this field. Co-operation with pri­
vate membrane manufacturing and supplying organisations 
has resulted in increased local and foreign application of 
local membrane research and development. 

In October 1997 a three-day membrane technology work­
shop of the Membrane Technical Division of WISA was held. 
In a strategy-planning session held by the WRC during this 
workshop, some specific research and development needs 
were elicited and subsequently prioritised, with a view to 
supplementing the general strategies of the Strategic Plan 
for Water-Related Membrane Research in South Africa. 

Membrane technology development 

in South Africa has again progressed 

definitively over the past year. 

C o m p l e t e d p r o j e c t s 

Development of specialised cross- and 
transverse-flow capillary membrane modules 
(No 618) Institute for Polymer Science, University of Stellenbosch 

This project was aimed at the further development and 
industrialisation of specialised cross- and transverse-flow 
capillary membrane modules for application in the large-
scale treatment of surface water to potable standards, and 
the upgrading of industrial and secondary treated effluents. 
The results obtained from this project show promise with 
regard to the commercialisation of membrane technology in 
South Africa. 

The following products resulted from the research: 
• A 3 x 50 mm diameter cartridge capillary membrane 

module (3 x 1.5 = 4.5 m2 membrane area) was laboratory 
bench-tested over an extended period of time and success­
fully field-tested. 

• Three 90 mm diameter modules (3 x 5 m2 = 15 m2 mem­
brane area), requiring a manifold, were installed and test­
ed for 23 months. Further field trials are being conducted 
and pilot plants are operating with six modules at two 
other sites. 

• A large 200 mm diameter module cartridge (18 to 2 5 m2 

membrane area) has been developed as it makes a mani­
fold superfluous. This module has been bench-tested and 
has exceeded all expectations. Delivery of pure water was 
measured at over 1 0001/h-m2 at a trans-membrane pres­
sure of only 50 kPa. The manufacturing method is being 
patented and much larger modules are now possible. 

• A patent, Capillary Membrane Modules, has been filed and 
granted for an epoxy encapsulation method, SA Patent 
96/1580, developed under the project. 

• Modules have been developed for containment in larger 
tanks. 200 mm cartridges can now be housed in a multi-
cartridge or tank-type module, creating plants of up to 
1 375 m2 membrane area. 

Cost: R558 700 
Term: 1994-1996 



Development of transverse-flow membrane 
modules for use in bioreactors 
(No 847) Institute for Polymer Science, University of Stellenbosch 

The transverse-flow membrane modules developed in this 
project entail an arrangement of capillary membranes in a 
cross-flow mode with regard to the flow. Transverse-flow 
membrane modules may be used for many commercial and 
industrial applications, because of the higher mass-transfer 
coefficient modular design, individual stacking freedom and 
possible uses as bioreactors. 

A working transverse-flow, capillary membrane module of 
24 m2 membrane area has been developed which has poten­
tial for a variety of uses. In addition to the normal separa­
tion role, the module may be used to add gases (0,, CO,, H,S) 
to or strip them from the liquid, thereby providing com­
pelling reasons for its use as a bioreactor. Unfortunately the 
module is still somewhat sophisticated and might be expen­
sive to manufacture at this stage. 

However, the project has paved the way for the production 
of very large modules, with 200 capillary membranes per 
layer, 333 layers high (1 m high) which would have surface 
areas of 250 m2 for externally-skinned membranes, which 
can be constructed using the same methods as those used for 
the present 24 m2 model. This product is seen to have good 
potential for a wide range of water-related applications. 

Cost: R217 000 
Term: 1997 

l e w p r o j e c t s 

Water desalination and clarification by 
electronically enhanced membrane defouling 
(No 930) Mineral Water Development (Pty) Ltd. 

Desalination has a critical role to play in water treatment, 
especially along coastlines, in brackish water areas as well as 
in the treatment of industrial wastes. Low fluxes experienced 
through reverse osmosis desalination membranes because of 
the concentration of salts on the membrane surface is an 
international problem. This project intends using a novel, 
patented, electrical method to remove the salt concentration 
layer on a continuous basis, thereby enhancing the flux 
through the membrane and significantly reducing the 
required membrane surface area and treatment costs. Min­
eral Water Development (Pty) Ltd. perfected aspects of this 
technology and has produced electrically enhanced spiral-
wrap desalination elements which are able to treat both 
brackish and sea water. There is, however, a range of differ­
ent size spiral wrap elements as well as elements of hollow 
fine fibres that have not yet been evaluated using this tech­
nology. In addition, studies are required to further investi­
gate fundamental mechanisms of this technology, and using 
the technology to enhance fluxes on both ultrafiltration and 
microfiltration processes. 

Estimated cost: R549 000 
Expected term: 1998-2001 

Transverse-flow module fabrication technology 
development 
(No 931) Institute for Polymer Science, University of Stellenbosch 

A membrane bioreactor can be defined as a membrane 
device which allows bio-transformations to be conducted 
within a confined space, in which the membrane interface 
can be used for the immobilisation of enzymes or whole 

cells. The membranes can also be used for transferring gases 
into the reaction medium, or to extract gases which could 
inhibit biocatalytic conversions. The membranes can fur­
thermore be used as filters, separating unwanted compo­
nents from the feed stream. 

The combination of immobilised organisms secreting ben­
eficiary enzymes (or immobilised enzymes themselves), and 
a filtration capability, is very powerful for the removal of 
organic pollutants and other unwanted components from 
water and effluents. In full realisation of this, the Universi­
ties of Rhodes (Department of Biochemistry and Microbiolo­
gy) and Stellenbosch (Institute for Polymer Science) have 
teamed up, and with funding from the WRC, have entered 
into research on bioprocess development using membrane 
bioreactors. This project is required to take the initial devel­
opments a step further toward commercialisation by the 
implementation and evaluation of some novel concepts to 
improve the efficiency and cost-effectiveness of the existing 
membranes and modules. 

Estimated cost: R308 000 
Expected term: 1998-1999 

Development of a "defouling on demand" 
strategy for the operation of bio-active 
membranes 
(No 932) Department of Biochemistry, Rhodes University 

Membrane treatment has found application in a wide range 
of industries for water and effluent purification. Fouling of 
membranes is the single biggest reason for membrane 
replacement, and the biggest problem in membrane plant 
operation. This project proposes to combine the oxidative 
"defouling" power of enzymes secreted by certain fungi, 
with the capability to trigger the enzyme to be activated at 
the will of the plant operator. It is a novel concept which, if 
successful, will enable the defouling of membranes on 
demand of the operators at the correct moment when clean­
ing is required due to fouling from organic components in 
water. In this manner, a thin fouling layer (which assists fil­
tration) may be kept on the membrane. Only when the foul­
ing layer becomes too thick, is the defouling action of the 
enzymes on the membrane activated by the operators. This 
fouling control strategy could find application in all pres­
sure-driven membrane processes. The concept has recently 
been patented. 

The overall aim of this project, therefore, concerns the 
development and application of degradative enzymes from 
white rot fungi for membrane defouling in terms of the 
"defouling on demand" principle. 

Estimated cost: R389 000 
Expected term: 1998-2000 

Electromembrane reactors for desalination 
and disinfection of aqueous solutions 
(No 964) Department of Chemistry, University of the Western Cape 

Disinfection processes are of vital importance for adequate 
protection of the health of South Africa's people. The use of 
electroconductive ceramic membranes opens up possibilities 
for significant improvement of disinfection installations 
based on the processes of on-site sodium hypochlorite gener­
ation by electrolysis from table salt, and "luminescent elec­
trolysis" (the formation of peroxides and oxygen-containing 
radicals with extremely high anti-bacterial activity). The 
ceramic-based membranes will combine the following four 
functions into one: serving as electrode; separation of 



unwanted components from the water; serving as a dosing 
system; and catalysing the reactions. 

The project will be aimed at the development of a generic 
electromembrane reactor system for desalination and disin­
fection that will find application in virtually all water-related 
areas. Economic benefits of the electromembrane reactors 
will be based on the following advantages of these systems, 
thereby also rendering them applicable to small and rural 
communities: 
• Low maintenance cost 
• Minimum chemical pretreatment and regeneration 

required 
• Maximum water recovery 
• High reliability and stability. 

Estimated cost: R874 000 
Expected term: 1998-2000 

Capillary ultrafiltration membrane process 
systems R and D 
(No 965) Institute for Polymer Science, University of Stellenbosch 

There are examples in South Africa of water not meeting the 
SABS standards set for potable water supplied to small 
coastal and inland towns, communities, schools and clinics. 
In these small- to medium-scale applications, ultrafiltration 
could offer a technology for point-source treatment of water. 
Other applications in the rural and peri-urban environment 
are: 
• Farming and other settlements situated near rivers 
• Communities dependent on highly coloured runoff water 

from the mountains in the Southern Cape 
• Communities dependent on subsurface water containing 

high levels of aluminium, iron or micro-organisms. 
Brackish water and sea-water desalination is a further area 
in which ultrafiltration could be useful as a preflltration step 
before direct desalination by reverse osmosis or any other 
applicable desalination technology. 

The project's aims are mainly to develop and evaluate cap­
illary ultrafiltration membrane processes to produce a high-
quality filtered product from coloured surface water, high-
turbidity waters, eutrophic water and sea water before 
desalination by reverse osmosis, without the addition of 
chemicals. Furthermore, operating and cleaning protocols 
will be investigated, and a set of conceptual design for a reli­
able, robust, cost-effective and marketable product will be 
produced. 

Estimated cost: Rl 245 000 
Expected term: 1998-2000 

CONTACT P E R S O N 

Dr G Offringa (Development and Application of 
Membranes) 
e-mail: offringa@wrc.org.za 

■B1 (012)330-0340 

R e s e a r c h p r o j e c t s 

Completed 
618 Development of specialised cross- and transverse-flow 
capillary membrane modules (University of Stellenbosch -
Institute for Polymer Science) 

847 Development of transverse-flow membrane modules for 
use in bioreactors (University of Stellenbosch - Institute for 
Polymer Science) 

Current 
i l 201 Treatment of inorganic brines and concentrates 

(University of Natal - Pollution Research Group) 

I I 238 Design criteria for cross-flow microfiltration (University 
of Natal - Pollution Research Group) 

723 Designed functionalised polymers by anionic 
macromolecular engineering for membrane development 
(Vista University- Department of Chemistry (Port Elizabeth 
Campus)) 

728 Computer program for cross-flow module and potable 
water plant design (University of Stellenbosch - Institute for 
Polymer Science) 

769 Development of a fabrication protocol for the 
production of capillary membranes and special modules for 
the low-cost treatment of contaminated water (University of 
Stellenbosch - Institute for Polymer Science) 

791 Defouling of ultrafiltration membranes (Rhodes 
University - Department of Biochemistry and Microbiology) 

§3 844 Polymeric and ceramic-based membranes for use in 
electromembrane reactors (University of the Western Cape -
Department of Applied Chemistry) 

846 Development of a continuous-flow membrane 
bioreactor (University of the Western Cape - Department of 
Microbiology) 

852 Use of tolerant membranes for preparing drinking 
water as well as for water reuse, using solar power and 
electro-induced driving forces (University of Stellenbosch -
Institute for Polymer Science) 

New 
H 930 Water desalination and clarification by electronically 

enhanced membrane defouling (Mineral Water 
Development (Pty) Ltd.) 

931 Transverse-flow module fabrication technology 
development (University of Stellenbosch - Institute for 
Polymer Science) 

8! 932 Development of a "defouling on demand" strategy for 
the operation of bio-active membranes (Rhodes University -
Department of Biochemistry) 

964 Electromembrane reactors for desalination and 
disinfection of aqueous solutions (University of the Western 
Cape - Department of Chemistry) 

965 Capillary ultrafiltration membrane process systems 
R and D (University of Stellenbosch - Institute for Polymer 
Science) 

mailto:offringa@wrc.org.za


Hydroclimatology 

Hydroclimatology is the term employed 

by the WRC to designate that part 

of atmospheric science and related 

technology which can be brought to 

bear on improving the assessment and 

management of our water resources. 

I I n its broadest sense, water resources management (most 
effective at catchment scale) includes facets such as water 
resource development, augmentation, conservation, protec­
tion, and effective and efficient utilisation - not all of which 
are mutually exclusive. 

More briefly stated, hydroclimatology is seen by the WRC 
as atmosphere-related science and technology in service of 
the water industry and the community of water users. 
Together with its sister disciplines, geohydrology and surface 
hydrology, which aim to serve the water industry and the 
community in a similar fashion, hydroclimatology completes 
the list of disciplines which make up the study of the all-
important hydrological cycle. 

It goes without saying that, at certain fundamental levels, 
hydroclimatology will have much in common with atmos­
phere-related science and technology practised for the bene­
fit of other industries such as agriculture and power genera­
tion and for the benefit of the community at large. 

It is also to be expected that fundamental research 
advances in areas of hydroclimatology where there are seri­
ous, progress-limiting gaps in knowledge, will not necessari­
ly bring about immediate improvements in water resources 
assessment and management. Nevertheless, the quest for 
such improvements provides the sole justification for under­
taking fundamental hydroclimatological research. Hydrocli-
matological research would, therefore, remain incomplete if 
fundamental research advances were not extended in the 
direction of, and ultimately integrated into, water resource 
assessment and management processes. 

During 1998 revision of the strategic plan for hydroclima­
tological research was set in motion. There is general con­
sensus among stakeholders that the goals of hydroclimato­
logical research may be stated as follows: 
• To acquire an adequate understanding of: 

- The statistical nature of climate (especially precipita­
tion) variability over space and time, including inter-
scale relationships 

- Mechanisms governing climate variability 
- Human influences on atmospheric processes and 

climate change 

- Mechanisms associated with precipitation and evapo­
ration processes. 

• To develop appropriate techniques, technologies and sys­
tems for: 
- Climate monitoring (mainly precipitation and evapora­

tion) 
- Climate information management 
- Expressing space-time characteristics of precipitation 
- Inferring past, and predicting future, climate variability 

and change 
- Sourcing additional quantities of atmospheric water, 

through for example, rainfall enhancement and fog 
harvesting. 

• To integrate atmosphere-based technologies into specific 
procedures or programmes for water resource assessment 
and management. 

There is little doubt that the development of a reliable, cost-
effective precipitation monitoring system with the necessary 
areal coverage and space-time resolution to satisfy a range of 
water resource requirements, a worthy goal in itself, is also 
fundamental to the achievement of many other goals of 
hydroclimatological research. The most promising means of 
achieving this ideal is through the use of weather radar. In 
November 1998 the South African Weather Bureau and the 
WRC joined forces in arranging a successful workshop to 
promote such applications of weather radar. 

C o m p l e t e d 

The Southern Agulhas Current and its influence 
on the weather and climate of South Africa 
(No 374) Department of Oceanography, University of Cape Town 

Previous investigations have revealed that the oceanic envi­
ronment of Southern Africa plays an important regulating 
role in the climate of the subcontinent. In particular, statisti­
cal teleconnections between oceanic temperature anomalies 
and precipitation over South Africa's summer rainfall region 
have been demonstrated. This project was designed to inves­
tigate the physical mechanisms of ocean-atmosphere inter-
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action as a means of contributing to a better understanding 
of the role of the oceans in affecting the weather of the sub­
continent. The Agulhas Current region was selected as the 
study area. 

The first task was to assemble and test a portable micro-
meteorological instrumentation system required to make the 
necessary on-board ship measurements in order to quantify 
the turbulent exchanges of water vapour, heat and momen­
tum above the ocean surface. Measurements obtained at 
ship level could then be linked to measurements at other lev­
els in the atmosphere through the use of radio sondes. Con­
siderable difficulties had to be overcome before the instru­
mentation could be used successfully to obtain the necessary 
high-quality data. A large volume of data were collected 
during several cruises undertaken over the five-year 
research period. Among the many results was the finding 
that the core of the Agulhas Current, about 50 km wide, 
transfers about 5 times as much water vapour to the atmos­
phere as the surrounding water, all year long. 

The instrumentation and expertise developed during the 
course of this project, when used in conjunction with satel­
lite remote sensing, should provide the means of extending 
the quantification of air-sea interactions to much larger sur­
rounding ocean areas than have up to now been investigat­
ed. This will greatly benefit the further development of 
atmospheric circulation models and add to the understand­
ing of the mechanisms whereby the surrounding oceans 
affect the climate of South Africa. 

Cost: 
Term: 

R905 484 
1991-1997 

Development of models to stochastically 
generate spatially distributed daily rainfields 
(No 550) Department of Civil Engineering, University of Natal 

Water resource engineers often require information on how 
rainfall associated with storm and prolonged rain events is 
distributed in space and time. The limited and declining 
number of rain gauges which report daily as part of the 
national network cannot satisfy this need. Radar rainfall-
measurement technology has the necessary potential, but 
cannot yet fulfil the need because of its restricted availability. 
In the absence of routinely observed data, the alternative 
has been to investigate the modelling of simultaneous spa­
tial and temporal behaviour of rainfields to enable the space-
time occurrence of rainfall to be simulated realistically for 
training and design purposes. 

This project was split into two tasks corresponding to the 
two main objectives of the research. The first was to contin­
ue with the previously-started development of a rain-day 
model, based on sequential occurrences of dry, scattered and 
general rain days, for simulating the distribution of daily 
rainfall amounts over a large area. Special attention was 
given to accurate representation of seasonal variations over 
the year. The second task was to investigate the modelling of 
spatial distribution of rainfall at given time slices to enable 
the variability and clustering nature of the rainfall process 
as observed by radar to be replicated. 

The first of the two main objectives was successfully 
achieved. The second was achieved with partial success, suf­
ficient to provide good insight into the prerequisites for high­
er resolution space-time modelling to be undertaken in a fol­
low-up project. 

N e w p r o j e c t s 

Development of optimum statistical long-range 
forecast models of summer climate and 
hydrological resources over Southern Africa 
(No 903) Department of Geography, University of Zululand 

The availability of water in Southern Africa is constrained 
by annual fluctuations in summer rainfall. Accurate long-
range forecasts of areal rainfall and streamflows could play 
a useful role in mitigating the effects of climate variability. 
Previous WRC-supported research has given rise to the 
development of several multivariate models for seasonal 
lead-time forecasting of summer rainfall and streamflow. 
These statistical models employ oceanic and atmospheric 
predictors and display forecast skills which, although still 
limited, are nevertheless able to reduce risk associated with 
climate variability if forecasts are correctly used. 

Despite the expectation that major advances in long-range 
forecasting of climate will ultimately result from the use of 
dynamic general circulation models (GCMs) rather than sta­
tistical models, there is potential for further refinement of 
the statistical models by lengthening the training/calibra­
tion period in order to capture most recent patterns of global 
ocean-atmosphere coupling. Furthermore, new data sets 
have become available which can be beneficially exploited. 

The aims of this project are, therefore, to undertake: 
• Historical analysis of streamflow and rainfall-evaporation 

indices over Southern Africa with emphasis on inter-
annual variability of water resources 

• Meteorological analysis of new monthly atmospheric and 
sea surface temperature data sets, with the object of 
extracting appropriate climate and hydrological predictors 

• Development of statistical long-lead forecast models for 
hydrological targets which can address varying influences 
of the El Nino Southern Oscillation (ENSO) 

• Assessment of long-lead forecasts in the hydrological deci­
sion-making process 

• Development of research skills at a historically disadvan-
taged university. 

Estimated cost: 
Expected term: 

R560 000 
1998-2000 

Cost: 
Term: 

R55 895 
1993-1997 

Seasonal climate predictions with a coupled 
atmosphere/ocean general circulation model: 
A contribution to water resource management 
over Southern Africa 
(No 904) Department of Civil Engineering, University of Pretoria 

Seasonal climate prediction is an emerging technology 
which has potential for improving water resource manage­
ment and minimising vulnerability to drought. In recent 
years climate forecasting skills have improved substantially 
with the identification of reliable predictors and the 
improvement of conceptual understanding of the roles of 
such predictors within the general circulation of the atmos­
phere. 

At present statistical forecasting models are the preferred 
tools for seasonal forecasting of climate. However, the great­
est potential for major advances lies in the continuing devel­
opment and use of dynamic general circulation models 
(GCMs) for this purpose. Researchers at the University of 
Pretoria have, through two years of close contact with the 
Australian CSIRO, become well-acquainted with the latest 
version of the CSIRO GCM. It is a fully coupled ocean-
atmosphere GCM, which is important because of the role of 



oceanic factors in driving atmospheric circulation and hence 
the region's climate. 

The objectives of this project are to: 
• Successfully couple a CSIRO-developed Indian Ocean 

model, crucial for the Southern African region, to the 
CSIRO GCM 

• Install and run this model locally as a forecasting tool in 
order to investigate its ability and skills in providing sea­
sonal climate predictions as well as Indian and Pacific 
Ocean sea-surface temperature outlooks 

• Exchange output data with other South African and other 
Southern Hemisphere research institutions to identify 
areas of potential improvement in the model's ocean and 
atmosphere dynamics. 

Estimated cost: 
Expected term: 

R252 000 
1998-2000 

Aerosols, recirculation and rainfall experiment 
(Arrex) 
(No 938) Climatology Research Group, University of the Witwatersrand 

South Africa's precipitation research programme has clearly 
demonstrated that modifying the nature of cloud condensa­
tion nuclei (CCN) ingested by convective storms at cloud 
base can have a marked effect on precipitation formation 
processes. 

Variability of CCN in the atmosphere could therefore have 
profound effects, both positive and negative, on precipita­
tion. Such variability may be natural, but can also be strong­
ly influenced by human activity. Dusty conditions during 
droughts may, for instance, cause droughts to persist 
because of the abundance of small CCN which make precipi­
tation processes less efficient. Conversely, CCN size distribu­
tions dominated by larger particles, as found in maritime sit­
uations or following prolonged rainy condition, could make 
precipitation processes more efficient. The effect of anthro­
pogenic aerosols will depend on their chemical composition, 
concentration and size distribution relative to naturally-
occurring CCN. 

Recent research by the University of the Witwatersrand 
Climatology Research Group has greatly clarified the man­
ner in which aerosols of local origin are transported and 
recirculated in the atmosphere over the Southern African 
region. 

This project aims to investigate the physical properties and 
chemical composition of aerosol particles and cloud conden­
sation nuclei over the South African highveld and escarp­
ment, their transport and recirculation over the eastern 
seaboard and to draw initial inferences regarding their possi­
ble influence on precipitation development over the region. 

Estimated cost: 
Expected term: 

R250 000 
1998 

The ocean's role in South Africa's rainfall 
(No 953) Department of Oceanography, University of Cape Town 

Knowledge of how the climate system operates, at global but 
more importantly also at the regional scale, depends on 
being able to quantify energy, water vapour and momentum 
exchanges between the ocean and the overlying atmosphere. 
A research project by the University of Cape Town has 
resulted in successful measurements of such exchanges, 
mainly in the Agulhas Current region. 

The proposed new project aims to build on these achieve­
ments and also capitalise on opportunities to extend results 
to the larger expanses of the Indian and South Atlantic 

Oceans, which have a much greater influence on rainfall 
over Southern Africa than the Agulhas Current area alone. 
This will be done via a programme of judiciously-selected 
field experiments to be undertaken in the surrounding 
oceans using available ships fitted with appropriate instru­
mentation. Data will be used to validate satellite remote-
sensing products and to develop algorithms for the model­
ling of air-sea interactions in the Southern African region. 

Particular aims of the project are to: 
• Gain a greater understanding of the role of ocean-atmos­

phere interactions in regulating rainfall and drought in 
South Africa 

• Develop a satellite-based methodology to study and moni­
tor the hydrological cycle from ocean evaporation to the 
advection of water vapour above South Africa 

• Carry out an in situ measurement programme in order to 
validate satellite observations and model outputs which 
are useful for predicting rainfall over Southern Africa 
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a acquisition system and some instruments inside the 
aircraft ZS-JRA. This is related to Arrex (Aerosol Recirculation and 
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ZS-JRA being prepared for a research flight. 
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Gain more information on the mechanisms causing sea-
surface temperature variability in those regions where 
anomalies are linked to drought in Southern Africa. 

Estimated cost: 
Expected term: 

Rl 191000 
1998-2002 

Integrated radar-based precipitation observing 
system for the Vaal Dam catchment to facilitate 
water resource operations and research 
(No 954) Weather Bureau, Department of Environmental Affairs 
and Tourism 

The development of river-flow forecast models for optimising 
dam operation and managing floods is high on the priority 
list of water resource management objectives in South 
Africa. For management models operating in real time to be 
effective, however, there must be adequate real-time access 
to appropriate catchment data. In as far as areal rainfall data 
are concerned, this is a facility which currently does not 
exist for any catchment in South Africa. 

The Vaal Dam catchment is, however, already served by 
three meteorological radars, two of which are sited near 
Bethlehem and one at Ermelo. One of the Bethlehem radars 
is the WRC-owned Russian MRL-5 S-band radar, while the 
other two are C-band radars, typical of the type used by the 
Weather Bureau in its national radar network. 

Weather Bureau personnel at Bethlehem have been 
actively researching the use of radar for rainfall measure­
ment in recent years. In the process, they have developed 
skills in the upgrading of radar hardware and software and 
in radar-signal processing. 

These skills now need to be applied in an integrated real­
time rainfall reporting system first for the important Vaal 
Dam catchment, which may thereafter serve as a prototype 
system for other catchments of concern. The aims of the 
project are to: 
• Further exploit the capabilities of the MRL-5 radar and 

other infrastructure at Bethlehem to refine radar-based 
techniques for areal rainfall measurement 

• Adapt and transfer this radar-rainfall measurement tech­
nology to C-band radar installations in the Vaal Dam 
catchment 

• Locate and calibrate other useful rainfall-measuring 
devices in the catchment 

• Develop appropriate software and communications sys­
tems for managing data acquisition and integration and 
ensuring reliable, real-time data transmission to water 
resource managers 

• Design a spatial database in which data, appropriately 
processed, can be stored and accessed in near-real time for 
hydrological purposes 

• Ensure long-term sustainability of observing systems 
through appropriate training. 

Estimated cost: 
Expected term: 

Rl 875 000 
1998-2000 

CONTACT PEHSOEU 

H Dr GC Green (Groundwater Resource Development and 
Pollution) 
e-mail: gcgreen@wrc.org.za 

•S (012)330-0340 

R e s e a r c h p r o j e c t s 

Completed 
374 The Southern Agulhas Current and its influence on the 
weather and climate of Southern Africa (University of Cape 
Town - Department of Oceanography) 

550 Development of models to stochastically generate 
spatially distributed daily rainfields (University of Natal -
Department of Civil Engineering) 

Current 
596 Development of a real-time non-conventional rainfall 
mapping system for coastal zone cloud systems (University 
of Pretoria - Department of Civil Engineering) 

693 Weather radar measurement of rainfall as well as 
hydrological applications of weather radar (University of 
Pretoria - Department of Civil Engineering) 

751 Analysis of regional precipitation and water resource 
impacts from GCM-derived regional climate change 
scenarios (University of Cape Town - Department of 
Environmental and Geographical Science) 

752 Spatial and temporal modelling of rainfields using 
fractals (University of Natal - Department of Civil 
Engineering) 

804 Acquisition of off-shore marine sediment samples for 
palaeoclimatic and hydrological record reconstruction 
(University of the Witwatersrand - Climatology Research 
Group) 

805 Modelling of extreme rainfall over Southern Africa 
(University of the Witwatersrand - Climatology Research 
Group) 

806 Dynamic modelling to investigate the regional climate 
response to global change (University of Cape Town -
Department of Environmental and Geographical Science) 

868 Modelling variability in the Agulhas Current system and 
its influence on South Africa's climate (University of Cape 
Town - Department of Oceanography) 

New 
B 903 Development of optimum statistical long-range forecast 

models of summer climate and hydrological resources over 
Southern Africa (University of Zululand - Department of 
Geography) 

904 Seasonal climate predictions with a coupled 
atmosphere/ocean general circulation model: A contribution 
to water resource management over Southern Africa 
(University of Pretoria - Department of Civil Engineering) 

I I 938 Aerosols, recirculation and rainfall experiment (Arrex) 
(University of the Witwatersrand - Climatology Research 
Group) 

953 The ocean's role in South Africa's rainfall (University of 
Cape Town - Department of Oceanography) 

954 Integrated radar-based precipitation observing system 
for the Vaal Dam catchment to facilitate water resource 
operations and research (Department of Environmental 
Affairs and Tourism - Weather Bureau) 

mailto:gcgreen@wrc.org.za


Integrated water resource 
management 

The meaningful implementation of the 
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HI he Act makes provision for a wide variety of different 
stakeholders to participate fully in negotiating processes 
relating to catchment management. This will inevitably lead 
to the questioning of the validity of data, assumptions and 
interpretations. The research community will also have to 
become much more involved in the real world of continu­
ously finding compromises and adapting to new circum­
stances. 

Simple-sounding terms like "streamflow reduction activi­
ty" and "ecological reserve", which are corner-stones of the 
new Water Act, will not be static, unambiguous and nation­
ally acceptable values. They will depend on the regional and 
even local context of the water situation. This poses a true 
challenge to the research community to focus on generic 
principles while not losing site of the complexity imposed by 
local socio-economic and hydrological conditions. The WRC 
will have to play a more active role in the continuous devel­
opment, expansion and meaningful synthesis of newly 
gained knowledge and understanding. Isolated initiatives 
and findings need to be evaluated in an integrated manner 
in order to be able to make a significant contribution 
towards wise and sustainable use of our limited water. 

This is one field where a people-orientated approach is 
required at all times. Tools and procedures need to be robust 
and transparent and above all lead to decisions that are 
acceptable to the majority of the stakeholders and people. 
But, at no time should the scientific correctness of underly­
ing understanding be compromised. 

C o m p l e t e d p r o j e c t 

Impacts of exotic plants on the water resources 
of South Africa, with special reference to 
economics and policy options for effective 
management of the problem 
(No 748) CSIR, Division of Water, Environment and Forestry Technology 

Alien invading trees, introduced into South Africa for a 
number of reasons, are known to decrease water yields sub­
stantially. They also result in many other impacts, including 
the impacts on economic development (through excessive 

new Water Act will create enormous 

challenges for the water resource manage­

ment community and the adequacy 

of the nation's information base and 

management skills (wisdom) will be 

tested over a wide front. 

use of water), on biodiversity, ecotourism, catchment stabili­
ty and lire control. 

Owing to a lack of knowledge regarding the overall mag­
nitude and distribution of the problem and of uncertainty 
concerning the most rational approaches to address the 
problem at a policy level, this project undertook to: 
• Determine the nature, extent and distribution of alien 

invaders in South Africa at a national scale 
• Identify gaps in the national knowledge base, and to deter­

mine research priorities. 
Invasions of alien plants were mapped and digitised and 
stored within a GIS (Arc/Info) at a scale of 1:250 000 for 
almost the entire country. The results made it possible to 
estimate the total area impacted by alien invasives, the con­
sequent reduction in runoff and the approximate costs of 
clearing, at both a national and provincial scale. 

Recommendations for action are focused on the use of the 
compiled information, the need to maintain and update the 
database, and the establishment of an open information line 
to the Working for Water Programme, which manages clear­
ing operations. Specific recommended tasks include the 
mapping of areas cleared of invaders, the standardisation 
of data-capture methodology, and the use of the Internet 
as a mechanism for information sharing. 

Cost: R390 000 
Term: 1996-1997 

N e w p r o j e c t s 

Socio-economic impact of the Komati River 
basin development, with special reference 
to irrigation agriculture 
(No 888) Conningarth Consultants 

Under circumstances of increasing costs of water supply to 
meet growing demand, it is imperative that the best possible 
use is made of scarce water resources, to achieve the 
required social and economic development. Water for irriga­
tion, in particular, is in severe competition with industry, 
mining, forestry and domestic uses. It is therefore important 
to re-assess the role of irrigated agriculture in broader rural 



Actively clearing alien invading plants. 

development. 
Various studies to assess the developmental impact of irri­

gated agriculture have been undertaken internationally. In 
South Africa, however, with the exception of cost-benefit 
analysis, only two previous studies have been done in which 
the broader developmental impact of a project was analysed 
by means of input-output tables. In this project the social 
accounting matrix (SAM) will be used to calculate the con­
tribution of irrigation in relation to other water-use sectors. 
Although much more comprehensive, the SAM is based on 
the same principles as the conventional input-output table 
and to some extent is a logical extension of it. However, it 
lends itself much more to quantifying the income-distribu­
tional effect in respect of various sectors and income cate­
gories within the context of a specific development initiative 
such as an irrigation expansion project. The Komati River 
Basin Development Project is such a development initiative, 
currently being undertaken jointly by South Africa and 
Swaziland. 

The main aim of this project is to establish the importance 
of irrigated agriculture in the development of rural areas 
and communities by: 
• Analysing the socio-economic impact of irrigation in the 

Komati River Basin Development Project in both the King­
dom of Swaziland and the Republic of South Africa 

• Compiling a SAM 
• Establishing a methodology which could be used for the 

analysis of future projects of a similar nature. 

Estimated cost: R370 000 
Expected term: 1998-1999 

Aids for flood-damage assessment and flood-
damage control planning in irrigation and 
urban areas 
(No 889) Department of Agricultural Economics, University of the 
Orange Free State 

An extensive project to determine the actual damage caused 
by floods in various river reaches of South Africa, com­
menced after 1974. The floods of 1988 led to further 
research on loss functions to estimate flood damage in 
advance, for floods of different probabilities of occurrence 
and to enable flood-damage control planning in urban and 
irrigation areas. During the first phase of this project, mod­
els were developed and loss functions were compiled. The 
aim of the second phase was to refine the computer models 
and to generalise them for application on a wider range of 
flood plains. 

For successful implementation, details of actual case stud­
ies on flood remediation and their benefits need to be 
obtained. In this way the importance of flood control and 
associated major financial benefits, due to reduced flood risk, 
can be highlighted and quantified. The second-phase study 
did not make provision for determination of actual engineer­
ing solutions and their benefits in monetary terms. It will 
therefore be very difficult, if not impossible, to transform the 
research product into a commercially usable and viable tool. 
The real benefit can only be achieved if actual engineering 
solutions are utilised to demonstrate the advantages of the 
current research results to potential users of the products, 
such as local authorities or their agents who are responsible 
for flood management. 

The main aims of this project, which will represent the 
third and final phase of flood-damage research, are as fol­
lows: 
• Completion and release of a set of flood-damage manage­

ment aids for application on local, provincial and national 
level 

• Establishment of the usefulness and benefit of flood-con­
trol measures along major watercourses. 

Estimated cost: R350 000 
Expected term: 1998-1999 

Development of a hydrological economic model 
based on the Mvoti catchment 
(No 890) Umgeni Water 

Currently, sophisticated hydrological models are being used 
to predict the effects of current and expected levels of catch­
ment development on the quantity and reliability of water 
available to satisfy current and expected demand for bulk 
water supply. Such information has traditionally been used 
to guide the planning, development and management of 
water resources. Economic evaluations have usually entered 
into the picture only at the end stage, such as in the cost-
benefit analysis of water infrastructure. 

It is clearly recognised, however, that such use of econom­
ics does not allow one to select strategies for water resource 
management which address the most important objective 
underpinning government policy, i.e. to achieve optimum 
long-term social and economic benefits to society. 

This project proposes to develop an integrated ecological-
economic modelling approach, as this would be an objective, 
scientific way in which the complex dynamic interdependen-
cies between the economic and natural systems can be taken 
into account when making decisions on resource manage­
ment. 



The aims of the project are to: 
• Integrate hydrological and economic information on the 

Mvoti catchment into a dynamic ecological-economic 
model to simulate various scenarios of land use and allo­
cations of water resources in the Mvoti catchment 

• Use the model to assess the impact of various water 
resource management approaches in terms of the benefits 
and costs they create in different parts of the catchment 
and for different stakeholders. 

The research findings will make it possible to assess the 
potential of using an integrated hydrological economic 
model as a tool for guiding integrated catchment manage­
ment in other important catchments. 

Estimated cost: R159 000 
Expected term: 1998 

Model for water-demand management 
planning and monitoring 
(No 905) BKS (Pty) Ltd. 

The System Integration of Development Options project, of 
the Vaal Augmentation Planning Study commissioned by 
DWAF, revealed that the implementation dates of develop­
ment options could be extended by up to eight years with 
demand management in place. Subsequent analyses per­
formed by BKS (Pty) Ltd. under assignment from DWAF 
showed that the estimated potential saving, with demand 
management implemented, is R4.1 bn., expressed as net 
present value with 1996 as base year. This has resulted in a 
major initiative by DWAF as well as water boards to imple­
ment demand management as a matter of priority. 

Apart from the water demand projections that are influ­
enced by demand management initiatives, the return flow 
from urban areas may also decrease depending on the imple­
mented demand management measures. In the Crocodile 
River catchment for example, the return flows from the 
Northern Gauteng region constitute 45% of the available 
yield of the resource. 

The aim of this project is therefore to develop a generic 
database model which will apply a systematic systems 
approach to planning and monitoring of demand manage­
ment initiatives. 

The model will assist planners in evaluating original 
assumptions and projections in order to improve on future 
projections. Use of the methodology will ensure that certain 
errors in projections are not repeated in perpetuity. The 
research will also enhance the understanding of the inter-
dependency of demand management activities on the sup­
ply- and return-flow components of the relevant water sys­
tems. 

Estimated cost: R456 000 
Expected term: 1998-1999 

Development of a decision support system 
for the Mhlatuze catchment in Zululand 
(No 906) Department of Hydrology, University of Zululand 

Environmental impact assessment (EIA) and strategic envi­
ronmental assessment (SEA) for proposed developments 
requires the participation of all interested and affected par­
ties in identifying and evaluating the impacts of the develop­
ment. This procedure is critically dependent on the existence 
and availability of information to the public. Whereas EIA 
focuses on the effects of development on the environment, 
SEA examines the effect of the environment on develop­
ment. The development of a decision support system (DSS) 

which maintains a database of catchment information and 
incorporates expert systems on catchment resource process­
es, will provide very valuable information for decision-mak­
ers if it can be used effectively and easily. 

This project has five broad aims which will be implement­
ed in several phases: 
• To develop a DSS for integrated environmental manage­

ment (IEM) of the Mhlatuze catchment 
• To create a relational database management system 

(RDBMS) in the DSS to incorporate the information 
requirements of the various IEM functions 

• To investigate the possibility of developing the RDBMS 
and DSS for access by users through computer-based com­
munications systems such as the Internet 

• To investigate the application and transferability of the 
DSS to other regions of Southern Africa 

• To enhance our understanding and prediction of IEM and 
to develop the capacity, at the University of Zululand, to 
provide appropriate training of hydrologists and water 
resource managers for South Africa, particularly the Zul­
uland region. 

Estimated cost: R502 000 
Expected term: 1998-2000 

Technique for modelling scenarios for alien 
plant control 
(No 907) Division of Water, Environment and Forestry Technology, CSIR 

The CSIR has recently undertaken a project to estimate the 
impact of invading alien trees on the water resources of 
South Africa. This project showed that invading alien plants 
have a very significant impact on surface water resources. 

However, it is not known what rate of expenditure will be 
required to halt or reverse the current invasion, how the 
problem can be tackled most efficiently, and how long it will 
take. 

Further, the allocation of resources to the different opera­
tions involved in alien tree removal is not a simple process. 
As clearing takes place, more money has to be allocated to 
the maintenance operations which are an absolute require­
ment for permanent alien tree eradication. At some stage 
therefore, maintenance operations must take priority over 
clearing operations, thereby allowing uncleared areas to 
continue to increase in density and extent. It is necessary to 
develop a model in order to understand how best to schedule 
operations and expenditure. 

The aim of this project, therefore, is to develop modelling 
techniques for estimating: 
• The amount of money required to achieve effective con­

trol of water-using invasive plants in the different 
provinces and South Africa as a whole 

• The time it will take to achieve significant reductions in 
water lost due to alien invasion resulting from varying 
rates of expenditure on control 

• The impact of the introduction of biocontrol on control 
costs in the long term. 

The monitoring programme and database presently being 
developed in the Working for Water Programme will be 
extensively used in this project. 

Estimated cost: R298 000 
Expected term: 1998 
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Framework for state-of-the-catchment report 
for developing a catchment management plan 
using as basis Palmiet River, Western Cape 
(No 913) Groenland Irrigation Board (for the Palmiet River Catchment 

Management Steering Committee) 

The Minister of Water Affairs and Forestry has approved 
Phase 1 of the Palmiet scheme on condition that an inte­
grated management plan for the Palmiet River catchment be 
drawn up. He committed DWAF to the process, but their 
input in this catchment will be limited to assessing the 
instream flow requirements of the river system. Catchment 
management plans (CMPs) are required under the new 
Water Act, but the protocols are still being developed, and 
this project will contribute towards the development of 
these. A CMP will be developed as part of this project. 

The CMP will specifically address SA's commitment to bio­
diversity; water quality; sustainable and equitable use of the 
resource to ensure sufficient water for all needs including 
the estuary; to ensure proper land-use management and 
sanitation requirements; to ensure active and informed par­
ticipation by all stakeholders; to encourage collective respon­
sibility and ownership for the management of the catch­
ment and to develop an effective and efficient management 
plan and implementation strategy. 

Estimated cost: R250 000 
Expected term: 1998 

Feasibility of using a risk-based approach to 
setting integrated environmental objectives 
for protection of water resources 
(No 914) Institute for Water Research, Rhodes University 

A significant feature of the new water legislation in South 
Africa is the commitment to protect water resources in order 
to ensure their capacity to support sustainable utilisation 
into the long-term future. Over the next five years DWAF will 
develop and implement a protection-based classification sys­
tem for water resources, accepting that a level of protection 
for a resource should be concomitant with the use of the 
particular resource. This protection-based system will even­
tually be extended to cover all water resources, and pilot 
implementation is planned for 1999. 

The general aim of this project is to investigate the feasi­
bility of using a risk-based approach to setting integrated 
objectives for the protection of water resources. More specifi­
cally, the following aims will be addressed through this proj­
ect: 
• To review and consolidate current research into the set­

ting of objectives for the water quantity, water quality, 
habitat integrity and biotic integrity requirements of 
water resources, as these relate to the designation of the 
reserve 

• To investigate new and emerging trends in the use of risk 
concepts in setting environmental objectives 

• To identify possible approaches to incorporating the con­
cepts of risk into the setting of integrated objectives for 
protection of water resources 

• To produce a report outlining potential approaches for set­
ting integrated objectives for the protection of water 
resources. 

Estimated cost: 
Expected term: 

R125 000 
1998 
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Inflow of polluted stormwater into the Lotus River from Philippi East (construction work/paint). Note polluted stormwater, dumping 
and littering, and unnecessary and unsightly service conduit for electricity which could have been routed along pedestrian bridge. 



Research pro jec ts 

Completed 
3 748 Impacts of exotic plants on the water resources of 

South Africa, with special reference to economics and policy 
options for effective management of the problem (CSIR -
Division of Water, Environment and Forestry Technology) 

Current 
■ 526 Distribution of fluoride-rich groundwater in the eastern 

and Mogwase regions of Bophuthatswana: Influence of 
bedrock and soils and constraints on utilisable drinking-
water supplies (University of Cape Town - Department of 
Geology) 

■ 640 Extension and refinement of the AQUAMOD computer 
software package (University of the Orange Free State -
Institute for Groundwater Studies) 

S 642 Development of a water information management 
database system for data capture and processing at local 
authority level (University of the Orange Free State -
Institute for Groundwater Studies and DWAF) 

S 666 Holistic, catchment-scale, comparison of water-use 
efficiency of crops, focusing on the comparison between 
forest plantations and key irrigated agricultural crops (CSIR -
Division of Water, Environment and Forestry Technology) 

S 690 Continued research on flood-damage functions, models 
and computer programs for irrigation and urban areas in 
South Africa (University of the Orange Free State -
Department of Agricultural Economics and the DWAF) 

3 702 Development of a Windows-based interpretation 
system for hydrogeologists (University of the Orange Free 
State - Institute for Groundwater Studies and the DWAF) 

B 749 Modelling benefits of integrated catchment 
management (University of Natal - Department of 
Agricultural Engineering) 

S 807 Multi-level decision support for the control of alien 
invasive plants in South Africa (CSIR - Division of Water, 
Environment and Forestry Technology) 

■ 855 Econometric and institutional economic analysis of 
water use in the Crocodile River catchment, Mpumalanga 
Province, South Africa (European Science and Environment 
Forum - Economics Unit) 

H 863 Development of group decision support methods to 
facilitate participative water resource management 
(University of Cape Town - Department of Statistical 
Sciences) 

M 864 Integrated catchment management in an urban 
context: The Great and Little Lotus Rivers, Cape Town 
(Abbott Grobicki (Pty) Ltd.) 

S 865 Operational model of the Orange River (BKS (Pty) Ltd.) 

■ 866 Community-based integrated catchment management 
programme with special reference to sustainable resource 
use in the Mlazi catchment (University of Natal - Farmer 
Support Group) 

New 
H 888 Socio-economic impact of the Komati River basin 

development, with special reference to irrigation agriculture 
(Conningarth Consultants) 

■ 889 Aids for flood-damage assessment and flood-damage 
control planning in irrigation and urban areas (University of 
the Orange Free State - Department of Agricultural 
Economics) 

S 890 Development of a hydrological economic model based 
on the Mvoti catchment (Umgeni Water) 

S 905 Model for water demand management planning and 
monitoring (BKS (Pty) Ltd) 

■ 906 Development of a decision support system for the 
Mhlatuze catchment in Zululand (University of Zululand -
Department of Hydrology) 

B 907 Technique for modelling scenarios for alien plant control 
(CSIR - Division of Water, Environment and Forestry 
Technology) 

S 913 Framework for state-of-the-catchment report for 
developing a catchment management plan using as basis 
Palmiet River, Western Cape (Groenland Irrigation Board 
(for the Palmiet River Catchment Management Steering 
Committee)) 

B 914 Feasibility of using a risk-based approach to setting 
integrated environmental objectives for protection of water 
resources (Rhodes University - Institute for Water Research) 

CONTACT PERSONS 
S Mr H Maaren (Hydrology and Water Management) 

e-mail: hugo@wrc.org.za 
H Mr JN Bhagwan (Urban Water Balance) 

e-mail: jbhagwan@wrc.org.za 
S Mr K Pietersen (Groundwater Aspects) 

e-mail: kevin@wrc.org.za 
S Dr GR Backeberg (Aspects Related to Agriculture) 

e-mail: gerhard@wrc.org.za 
■ Mr HM du Plessis (Pollution Aspects) 

e-mail: meiring@wrc.org.za 
S 1 (012)330-0340 

mailto:hugo@wrc.org.za
mailto:jbhagwan@wrc.org.za
mailto:kevin@wrc.org.za
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mailto:meiring@wrc.org.za
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From a planning meeting of hydrologists 

held early in the year, certain themes 

emerged on which research efforts should 

concentrate in the near future. 

* * 
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A need to determine baseline hydrological 
characteristics 

It is well-known that hydrological regimes in the South 
African landscape are changing. However, to systematically 
and correctly quantify change, baseline information is need­
ed. Recent research in the Cathedral Peak catchments on the 
hydrological characterisation of a non-impacted area is a 
good example. However, virgin or pristine flows may be less 
useful as a reference than, for instance, flow regimes at cer­
tain development levels which can themselves be objectively 
and quantitatively assessed. 

Assessment of all impacts of different land 
uses on hydrological characteristics with 
special reference to the interaction of ground-
and surface water 

This issue has been high on the research agenda for the last 
10 years but much work still needs to be done, especially 
with regard to best management practices and the impact of 
poor management. Building of dams is a land-use activity 
the impact of which is not much different from any other 
human interference in the hydrological cycle. However, a 
systematic assessment of its impact has never been seriously 
considered. 

Other issues are the need for a National Information Sys­
tem on a large variety of hydrologically important variables. 
Research methodology itself needs attention, especially with 
regard to acquisition of field data on the hydrological cycle 
in complex landscapes (hillslopes, riparian zones, wetlands, 
etc.) which are highly influential in determining the state of 
our water resources. Data on the interaction between 
ground- and surface water, especially, are seriously lacking. 

C o m p l e t e d p r o j e c t s 

Monitoring the effect of catchment 
development on urban runoff and water 
balance 
(No 319) Water Systems Research Group, Department of Civil Engineering, 
University of the Witwatersrand 

Urbanisation is proceeding at a rapid pace and important 
catchments may be affected by this development. The Wit­
watersrand in particular is being increasingly populated, 
which affects the runoff to its own water source, that is the 
Vaal Barrage. 

This research took place in well-instrumented paired 
catchments in Sunninghill, Sandton where experiments 
with detention storage and stormwater diversion were also 
carried out. In one of the two adjacent catchments, inten­
sive townhouse development took place, the effects of which 
were monitored during the research period. The main results 
of the research can briefly be summarised as follows: 
9 Detention storage 

With the co-operation of the Sandton Municipality a 
1 400 m3 detention basin was constructed. The resulting 
ratio of outflow to inflow varied from 0.5 to 0.9, generally 
decreasing with increasing inflow. 

Optimisation of detention storage will depend on the 
region, the size of the outflow pipe and the volume of the 
detention basin itself. 

8 Dual drainage 

Surface stormflow can be discharged by a combination 
of road surface and storm drain. The more water that is 
allowed to run on the road for a while, the cheaper (small­
er) the storm drain is expected to be. Although no actual 
field observations were made, the real-life situation was 
modelled showing only small effects on peak discharge 
reduction if more water is allowed to run on the road. 



• Disconnecting impervious areas 

Observations on a townhouse complex, half of which was 
connected directly to the storm drains and the other half 
discharged onto lawns, indicated a reduction in flood vol­
ume from 52 000 1 to 800 / for an average storm as a 
result of discharge to lawns. 

• Water quality 

Measurements showed the large difference in the quality 
of runoff between a middle-class suburb and an area of 
low-cost and informal housing, namely Alexandra. The 
observations clearly showed the build-up of pollutants in 
the catchment during dry periods and the heavy wash-off 
at the beginning of the rainy season. 

• Mass water balance 

In the natural grassland catchment the runoff was less 
than 1% of the rainfall while in the comparable urban 
catchment the runoff was 18% of rainfall. Both input and 
outflow are larger for the urban catchment and the differ­
ence is largely due to the additional piped water supply 
and the subsequent greater total evaporation. 

Cost: 
Term: 

Rl 820490 
1990-1996 

Effect of the agricultural environment on water 
resources 
(No 492) Department of Agricultural Engineering, University of Natal 

Through fieldwork, collaborative research, information syn­
thesis and model development, this project aimed at enhanc­
ing the simulation modelling capabilities of the ACRU agro-
hydrological modelling system to help make it an objective 
planning tool to address those questions and challenges of 
the water-related agricultural environment for which deci­
sion-makers are currently, or will in the near future be, seek­
ing answers. 

In accordance with the project's objectives the following 
aspects were the focus of research, viz.: 
• Afforestation-related systems 
• Irrigation-related systems 
• Crop-related systems 
• Agrohydrological model development 
• Information bases. 
Most of the results of this research will be incorporated in 
updates of various chapters of a previous report entitled: 
Hydrology and Agrohydrology (WRC Report No TT 69/9 5). 
The forest hydrology component of ACRU, in particular, has 
been improved culminating in a first version of the software 
'Acruforest". This software enables preliminary estimates of 
the impacts of afforestation on quaternary streamflow to be 
made at a national scale. Other enhancements include simu­
lation capabilities for deficit irrigation and generalised crop 
yield: soil water stress relationships for 13 different crops. 

After several years of research and data collection for 
modelling the impacts of the agriculture on water resources 
the project team has assembled the South African Atlas of 
Agrohydrology and -Climatology comprising 2 76 pages and 
including 141 high-resolution colour maps, in sufficient 
detail to be useful in regional planning. Accompanying each 
set of maps is a text providing background information, sci­
entific methodology and statistical summaries. 

Cost: Rl 560 436 
Term: 1992-1996 

Development and testing of a water-balance 
model for a grassland catchment in the summer 
rainfall area of South Africa 
(No 493) Division of Water, Environment and Forestry Technology, CSIR 

A large proportion of our surface water resources is derived 
from our mountain catchment areas. Grasslands in these 
areas form an important baseline for natural evaporative 
losses with which the evaporative losses of other land uses 
and vegetation covers can be compared. This project aimed 
to provide an in-depth understanding of grassland water use 
at the catchment scale. 

Near-continuous measurements of evaporation using the 
Bowen ratio technique were obtained over a few seasons 
(1990/91 to 1993/94) which included two very dry ones 
and one rather wet one. The study showed that despite the 
low rainfall in some years, actual evaporation remained fair­
ly similar, showing that even in dry years in this normally 
wet part of South Africa (MAP 1299 mm) soil moisture is 
not a main limiting factor in evapotranspiration of grass­
land. Evapotranspiration from the wet riparian zone was 
nevertheless still higher than from the uplands. 

It was clearly established that the streamflow was fed by 
moisture moving slowly downslope under conditions of 
unsaturated flow. The saturated zone surrounding the ripar­
ian area varied in size with rainfall and season. 

Hydrological models would need to account for this kind 
of spatial distribution of soil moisture within a catchment if 
they are to simulate reality satisfactorily. 

This project provided South Africa with probably the most 
complete data set on hydrological conditions in a typically 
wet part of the country. The data set will prove invaluable for 
more detailed analysis in time to come (for instance to evalu­
ate the impact of climate change). 

Cost: 
Term: 

Rl 172 025 
1992-1997 

Development of a research strategy on the 
interaction between vegetation and 
groundwater 
(No 730) Division of Water, Environment and Forestry Technology, CSIR 

There is a growing appreciation in South Africa that the sep­
aration of surface- and groundwater resources is artificial, 
and that these systems are but expressions of a single limited 
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Off-channel storage dam for Venetia Mine near the Shashe 
confluence: Stores water from the Limpopo River during 
floods only. 
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Pipes carrying water pumped from the Limpopo River bed for the 
supply of the town of Messina. 

resource. A better uoderstanding of how these two phases of 
our water resources interact is consequently required. 

Through a process of workshopping, literature study, 
gathering of the so-called grey literature and intensive dis­
cussions with a large number of experts in the field it was 
concluded that: 
• A change in vegetation can have a large effect on 

recharge. The size of this effect is dominated in South 
Africa by the transpiration component and, to a lesser 
degree, by interception. 

• Vegetation will largely determine the net amount of net 
rainfall available for recharge, and may also influence 
infiltration, percolation and deep drainage, and the avail­
able storage capacity of systems. 

• Recharge modelling (estimates) ought not to assume 1 licit 
vegetation is a constant factor; the nature of (lie land 
cover can have a large influence on recharge. 

• In the higher rainfall (eastern seaboard) regions of Smith 
Africa, base flow in streams is a fairly direct indicator of 
groundwater levels, and thus groundwater and surface 
water systems are inextricably intertwined. (Groundwater 
exploitation in these regions can be expected to have 
immediate effects on surface-water yields. 

• Of the natural biomes of South Africa, it is probably with­
in the savanna biome that the largest changes may be 
effected by changes in biomass. 

• Environmental concerns may limit the development of 
large groundwater exploitation schemes because of our 
inability to satisfactorily predict "downstream" impacts. 
To assess environmental impacts, it is necessary to dcvel-

International co-operation These participants in the project for 
the Development of a hydrological model for the upper 
and middle Limpopo River (Project No 746) represent DWR -
Zimbabwe, DWAF - RSA, FS University - Jena, Germany and the 
University of Stellenbosch - RSA. 

op an understanding of the flow paths and residence 
times of groundwater, so that effects of groundwater 
abstraction can be predicted. It is also necessary to under­
stand the extent to which plants, especially in riparian sit­
uations, rely on groundwater. 
The ecological requirement of systems that depend on 
groundwater is poorly understood, and this issue will 
increasingly have to be addressed. 

Cost: 
Term: 

R205 000 
1996-1997 

N e w p r o j e c t s 

Flood-forecasting system for Vaal Dam 
(No 908) DWAF 

In early 1995, the USA-RSA Binational Commission was 
formed to explore opportunities for future technological co­
operation between South Africa and the United States. 
Under the auspices of the Binational Commission, it was 
proposed to establish a project to examine the flood-forecast­
ing system for the Vaal River system in South Africa and to 
determine whether the USA's National Weather Service 
(NWS) River Forecast System could be implemented for the 
catchment. 

Responsibilities for project tasks will be distributed among 
the NWS and South Africa's DWAF and Weather Bureau. 
Successful execution of the project will involve purchase of 
scientific workstation computers, installation of existing 
NWS Forecast System software, initialisation of the forecast 
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Mr Godfrey Moses from the Stellenbosch office of the CSIR doing 
maintenance work on the Bowen ratio system, installed in the 
Jonkershoek valley. The purpose is to measure rates of evaporation 
from riparian fynbos, and compare these to estimates of water use 
by riparian thickets of wattle at another site in the Stellenbosch area. 



system parameters and variables, a workshop, calibration of 
hydrological models, the utilisation and interfacing of exist­
ing hydrometeorological data including radar data, while 
the WRC will contribute to the budget of the project, costs 
will be borne mainly by the participating organisations. 

Estimated cost: RI50 000 
Expected term: 1998-1999 

Monthly multi-site streamflow model 
(No 909) BKS (Pty) Ltd. 

In 1985 the Vaal River System Analysis (VRSA) was started 
by BKS Inc. for DWAF. One key aspect of the VRSA was the 
inclusion of stochastic hydrology in the analysis process. 
This was required due to the relatively short streamflow 
records available, together with the relatively long critical 
periods experienced in South Africa. A stochastic streamflow 
generator was consequently incorporated into the main sys­
tem models where it remains today as a crucial component 
of the full system model. 

The stochastic streamflow model has been continually 
improved, tested and refined since 1985 and this has now 
resulted in a stochastic generator which is considered to be 
one of the best in the world. However, its performance is not 
matched insofar as presentation and ease of use are con­
cerned. As part of the larger system analysis model it is very 
difficult and cumbersome to produce stochastic streamflow 
sequences without using the full model. 

This project, therefore, aims to re-structure and re-write. 
where necessary, the stochastic streamflow generator in 
order to produce a self-contained model which is suitable for 
widespread distribution and use. The model will be accom­
panied by a suite of verification and validation routines 
which will enable users to ensure that the streamflow 
sequences they generate are realistic and acceptable. 

Estimated cost: R30O 000 
Expected term: 1998-1999 

Research pro jects 

Completed 
a 319 Monitoring the effect of catchment development on 

urban runoff and water balance (University of the 
Witwatersrand - Department of Civil Engineering, Water 
Systems Research Group) 

§ 492 Effect of the agricultural environment on water 
resources (University of Natal - Department of Agricultural 
Engineering) 

H 493 Development and testing of a water balance model for 
a grassland catchment in the summer rainfall area of South 
Africa (CSIR - Division of Water, Environment and Forestry 
Technology) 

B 730 Development of a research strategy on the interaction 
between vegetation and groundwater (CSIR - Division of 
Water, Environment and Forestry Technology) 

Current 
■ 348 Root development and water usage of commercial 

timber species (University of Natal - Department of 
Agronomy) 

I I 636 Hydrological systems modelling research programme: 
ACRU model development and user support (University 
of Natal - Department of Agricultural Engineering) 

S 637 Hydrological systems modelling research programme: 
Hydrological process research (University of Natal -
Department of Agricultural Engineering) 

■ 638 Studies on river losses: Phase 2 (BKS (Pty) Ltd) 

B 681 Short-duration design rainfall estimates for Southern 
Africa (University of Natal - Department of Agricultural 
Engineering) 

8 683 Evaporation from the Orange River: Quantifying open 
water resources (CSIR - Division of Water, Environment and 
Forestry Technology) 

■ 744 Experimentation and laboratory measurement for 
hydrological processes research (University of Natal -
Department of Agricultural Engineering) 

■ 746 Development of a hydrological model for the upper 
and middle Limpopo River (University of Stellenbosch -
Department of Civil Engineering) 

■ 747 Assessment of the MIKE SHE hydrological model for 
application in South African catchments (Rhodes University -
Institute for Water Research) 

■ 781 Long-term monitoring of streamflow and weather in 
the Cathedral Peak catchments (CSIR - Division of Water, 
Environment and Forestry Technology) 

S 808 Comparison of the water use of selected invasive and 
indigenous riparian plant communities (CSIR - Division of 
Water, Environment and Forestry Technology) 

■ 809 Feasibility of using trunk growth increments to estimate 
water use of Eucalyptus grandis plantations (CSIR - Division 
of Water, Environment and Forestry Technology) 

■ 810 Afforestation effects: A re-analysis of the South African 
catchment afforestation experimental data (CSIR - Division 
of Water, Environment and Forestry Technology) 

H 811 Long-duration design rainfall estimates for Southern 
Africa (University of Natal - Department of Agricultural 
Engineering) 

S 867 Integration and application of daily flow analysis and 
simulation approaches within Southern Africa (Rhodes 
University - Institute for Water Research) 

New 
■ 908 Flood-forecasting system for Vaal Dam (DWAF) 

m 909 Monthly multi-site streamflow model (BKS (Pty) Ltd.) 

COIITACT PERSOMS 
Mr H Maaren (Hydrology and Water Management) 
e-mail: hugo@wrc.org.za 

- Mr JN Bhagwan (Urban Water Balance) 
e-mail: jbhagwan@wrc.org.za 

~" Mr DS van der Merwe (Flow Measurement and 
Sediment) 
e-mail: david@wrc.org.za 

"3 (012)330-0340 
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Three of the WRC activities in this 

research field during 1998 need 

to be highlighted: 

<> Estuarine ecosystems 

* Continued impact of the building-

block methodology 

* National rivers initiative 
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Estuar ine ecosystems 

Almost half of South Africa's estuaries are situated on the 
eastern coast of the Eastern Cape. While the estuaries in the 
rest of the country have been studied, there is almost noth­
ing known about these estuaries beyond the fact that many 
of them are scenically very beautiful and the catchments rel­
atively undeveloped. Much of the coastal development that 
has occurred in South Africa has been centred on estuaries. 
Realising that ecotourism has the potential to create 
employment in a poor area of the country, but that estuar­
ine ecosystems are fragile and easily disturbed, the WRC has 
initiated a research programme aimed at creating the capac­
ity to sustainably manage estuaries in this part of the coun­
try. The stakeholders in the region have expressed their com­
mitment to the programme, which was launched in April 
this year, and will aim to create both research and manage­
ment capacity for estuaries in the region. 

Cont inued impac t o f t h e bu i l d ing -
b lock me thodo logy 

The building-block methodology (BBM), developed through 
WRC-funded research and practical application by DWAF, 
was specifically designed to estimate the flow required by a 
river to maintain the ecosystem. It was developed to enable 
managers to balance the abstraction and impoundment of 
water to the requirements of the riverine ecosystem and has 
been used initially in the pre-feasibility studies for proposed 
impoundments. However, it has also been included in the 
new Water Act as a requirement for all significant catch­
ments, and this will create a large demand for people famil­
iar with the process. The methodology has also been export­
ed to Australia, and is attracting interest from other 
countries such as Taiwan, Portugal and Italy. 

Nat iona l r ivers i n i t i a t i ve 

During the year a working conference was held to formulate 
a national rivers initiative to address research needs in rivers 
nationally. The conference was held under the auspices of 
the Southern African Society of Aquatic Scientists 
(SASAQS), and was well attended. A task group was man­
dated to develop the proposals made at the conference, and 
this group will report back firstly to a reference group, and 
then to the conference attendees. 

Completed pro jects 

Key to phytoplankton species 
(No K8/83) Department of Zoology, University of Cape Town 

This project was initiated to address the need for workers in 
the field to be able to identify non-filamentous phytoplank­
ton. The photomicrographic record was developed from the 
algal taxa record during a 2-year study during which water 
bodies in the Western Cape were sampled at 14 d intervals, 
and represents a comprehensive record of the taxa found. 
The occurrence of individual taxa is related to the physico-
chemical variables of the water bodies, providing informa­
tion on the phytoplankton assemblages in water bodies of 
differing trophic states. 

The report consists of high-quality photomicrographs and 
scanning electron micrographs of the taxa found during the 
study. The season and water quality conditions under which 
each taxon occurred are also presented, giving insight into 
their requirements. 

The final product can be accessed via the Internet (acces­
sible from the WRC home page). 

Cost: 
Term: 

R14 500 
1992-1998 



Potential for the biological control of the 
floating aquatic weed Azolla filkuloides 
Lamarck (red water fern/rooivaring) in 
South Africa 
(No K8/229) Plant Protection Research Institute, Agricultural Research 
Council 

The red water fern (Azolla filkuloides), a South American 
native, was first recorded in South Africa in 1940. The lack 
of natural enemies and the presence of enriched waters 
have contributed to dense infestations which cause severe 
degradation of aquatic ecosystems and limit their utilisa- . 
tion. The effective absence of damage from indigenous herbi­
vores, made it necessary to look to the importation of an 
agent for biological control. 

The frond-feeding weevil Stenopelmus rufinasus was 
imported for quarantine testing. Favourable biological char­
acteristics of this weevil include a high rate of increase, 
long-lived adults, a high per capita feeding rate and it would 
be capable of several generations per year. Host specificity of 
the insect was determined by adult starvation and oviposi-
tion tests on 26 plant species in 15 families. Feeding, oviposi-
tion and larval development were only recorded on other 
Azolla spp., and at significantly lower levels, particularly so 
for A. nilotica and A. pinnata (from Namibia). The weevil did 
survive (at approximately 50% of its success of A. filkuloides) 
on A. pinnata from Natal which is cause for concern. The 
phenology of the Natal A. pinnata is much more weedy than 
that of the Namibian one, and one of the recommendations 
coming out of the project is that the taxonomic status of 
these two populations be clarified. 

Cost: R1A100 
Term: 1996-1998 

Geomorphological response to changing f low 
regimes of the Sabie and Letaba River systems 
(No 376) Department of Botany, University of the Witwatersrand 

The demands on the surface water resources of South Africa 
are such that competition between the various interested 
sectors is inevitable. In order to enable the optimal develop­
ment of the country's water resources, reliable quantifica­
tion of both the consumptive and non-consumptive water 
requirements of river systems is essential. It was suspected 
that these non-consumptive requirements exceed the con­
sumptive, and with the changes which have occurred in the 
Sabie and Letaba Rivers in ecologically relevant time-scales 
as a result of developments, and with more developments 
planned, upstream from the Kruger National Park (KNP), 
these needed to be defined. This project aimed to develop pre­
dictive models for geomorphological change taking into 
account the established temporal pattern of change in chan­
nel morphology, and so identify management interventions 
to maintain ecological functioning, 

In working with complex bedrock-dominated rivers the 
researchers developed a channel classification system of 
three scales: morphological units (1 to 100 m), channel 
types (10 m to 1 km) and reaches (100 m to 1 km) on which 
further work could be based. Aerial photographs from 1940 
to the present showed progressive sedimentation of both the 
Sabie and Letaba Rivers, apparently as a combined result of 
both increased sediment production and reduction of flow. 
Using two time-scales, a path of geomorphological change 
has been proposed using a model which links quantitative 
research findings with qualitative spatial data for the Sabie 
River. 

The morphological associations within these channels 
may be structured to reveal five principle channel types on 
the Sabie River: bedrock anastomosing, mixed pool-rapid, 
mixed anastomosing, alluvial-braided and alluvial single-
thread channels. In addition, four main dynamic catchment 
controls on channel form were identified: catchment sedi­
ment production rate, local channel transport capacity, flow 
variability and flow magnitude. Changes to the catchment-
control factors are occurring in both catchments as a result 
of climatic variability and anthropogenic influence. A model 
is presented that links the various channel types along the 
Sabie River in a semi-quantitative sense, predicting annual 
sediment deposition and erosion in response to a daily aver­
age flow regime. Predictions using the model agree well with 
changes observed on the Sabie River. 

Cost: Rl 273 000 
Term: 1991-1998 

Rapid biological assessment of water quality 
impacts in streams and rivers 
(No 422) Division of Water, Environment and Forestry Technology, CSIR 

World-wide it has long been known that the composition of 
communities of aquatic organisms is responsive to the 
nature of the physical and chemical environment in which 
they live. Many attempts have been made to use this fact in 
detecting water pollution and managing water quality. Most 
of these attempts have been unsuccessful, mainly on 
account of the fact that they are unaffordable in terms of 
time and the highly skilled manpower required to apply the 
biological knowledge. 

The English system has been modified to suit South 
African conditions, widely tested and renamed SASS (South 
African Scoring System). The SASS index offers a cost-effec­
tive method for assessing the health of the macro-inverte­
brate community in a river. During the development of the 
SASS, the methodology was widely discussed, and it is now 
routinely being used as part of the biological monitoring of 
river health. It is also one of the indices which form the basis 
of the National River Health Programme. 

Cost: R483 000 
Term: 1992-1998 

Diversity and productivity of biotic communities 
in relation to freshwater inputs in Eastern Cape 
estuaries 
(No 463) Department of Zoology, University of Port Elizabeth 

Estuaries are, by their very nature, unique environments, 
but the freshwater inflow is critical to their functioning. 
Thus, the quantity of freshwater that reaches an estuary 
determines, to a large extent, the composition of the floral 
and faunal components of the ecosystem, as well as their 
productivity. In the absence of freshwater inflow, estuaries 
do not generate the primary production necessary to sup­
port life, and become hypersaline and unproductive. This 
study involved three Eastern Cape estuaries, the Sundays 
(continuous freshwater inflow), the Swartkops (reduced 
freshwater inflow) and the Kromme (deprived of freshwa­
ter). The food-chain in the Sundays is based on phytoplank-
ton, while that of the Kromme is based on detritus from 
marine benthic macrophytes which have encroached up the 
estuary as a result of increasing salinities. Without being 
flushed by floods, the Kromme is in danger of becoming a 
marine lagoon and being choked up by marine sediments. 



The diversity was greatest in the Sundays, the estuary with 
the largest freshwater input. 

Cost: R28 000 
Term: 1992-1998 

Developing an integrated approach to 
predicting the water use of riparian vegetation 
(No 474) Department of Botany, University of the Witwatersrand 

The natural riverine biota are now recognised as a legitimate 
demand sector in water resource management with a signifi­
cant demand, and a part of this project addressed that 
demand. The second part of this project addressed the trans­
lation of river discharge into local hydraulic conditions. This 
latter aspect enabled the stage-discharge relationships to be 
reliably estimated. It did show, however, that neglecting 
bank storage led to unrealistic estimates of the rating curves 
for any sampling point. A model predicting bank storage was 
developed using information on the interaction between sur­
face flow, groundwater, soil moisture in the saturated and 
unsaturated zones of the alluvial bank and losses to evapo-
transpiration. Evapotranspiration was found to vary season­
ally, with bank seepage estimated to provide 95% of water 
use in winter (total 0.25 mVs for the Sabie River within the 
KNP boundaries) and 74 to 80% of water use in the late 
summer (total 1.5 m3/s within the KNP boundaries). 

Existing models of hydraulic conditions are based on 
empirical calibrations, and proved inaccurate for natural 
channels. Thus it was necessary to quantify flow resistance 
for various vegetation communities and channel geometry, 
bed and bank characteristics. A 'non-horizontal' model was 
developed to address sections with multichannel flow where 
the levels in the channels differ. Where the levels do not dif­
fer, the conventional methods can be used for estimating 
flow. 

Cost: Rl 209 000 
Term: 1992-1998 

Environmental status of the Orange River 
mouth as reflected by the fish community 
(No 505) Department of Zoology and Entomology, University of 
the Orange Free State 

Fish-wise the Orange River estuary is neither particularly 
rich in estuarine species nor is it important as a nursery 
area. However, the nearest significant functional estuaries 
are the Cunene (>10° of latitude to the north) and the 
Olifants (3° of latitude to the south). A major concern is that 
the planned development of the resource upstream is going 
to result in both lower low flows and reduced levels at high 
flows. It was anticipated that reducing the flow would also 
negatively impact on the tidal marsh which is a designated 
Ramsar wetland. 

Investigations showed that the marine component of the 
estuarine fish fauna was small, as were the other compo­
nents, but the fish were healthy, and those fish that were 
there were surviving well under the increased flow manage­
ment. The research team made the recommendation that a 
long-term monitoring programme should be instituted, 
together with further research to better understand the 
ecosystem, given its Ramsar status, and to improve manage­
ment guidelines. 

Instrumentation utilised to measure water consumption by 
riparian vegetation in the Kruger National Park. 

Effects of different magnitude flows on riverine 
ecosystems 
(No 576) Freshwater Research Unit, University of Cape Town 

South African rivers mirror the world-wide trend in their 
deteriorating condition. This is largely due to general catch­
ment degradation and increasing manipulation of flow 
regimes to provide water for the ever-increasing population. 
One of the ways in which this is being addressed is through 
the emerging science of environmental flow assessment. The 
flow regimes recommended by this process are designed to 
contain or mitigate the impacts of such water resource 
developments. The cost of poorly functioning rivers is high, 
with much of the cost being borne by those least able to 
withstand them - the rural poor. 

This report is the definitive work on the building-block 
methodology (BBM), a process developed to assess flow 
requirements of rivers. It also covers the considerable 
amount of research done by the team to complement the 
development of the BBM. The principal aim of the research 
programme was to improve understanding of the relation­
ships between the magnitude, duration, timing and frequen­
cy of different categories of flow and the structure and func­
tioning of riverine ecosystems. Such aspects as base flows, 
specifically dry-season low flows, freshes and floods are cov-

Cost: R64 300 
Term: 1993-1998 



ered with specific research investigating topics such as sedi­
ment transport, the effect of base flows on macro-inverte­
brate assemblages and triggers for fish breeding. 

Cost: R776 000 
Term: 1993-1998 

Lethal and sublethal effects of metals on fish 
physiology in the Republic of South Africa 
(No 60S) Department of Zoology, Rand Afrikaans University 

The Olifants River. Mpumalanga Province, has been 
described as 'the battered river' because it is so heavily 
impacted by the activities in the catchment. Disturbances in 
the upper catchment are largely caused by agriculture. In 
the middle reaches activities such as coal-mining, industry, 
urban runoff, informal settlements, poor agricultural infra­
structure and sewage treatment works each impact on the 
health of the river. A serious problem associated with coal 
mining activities is the low pH of the effluent. One of the 
effects of a low pH is that metal ions are mobilised, making 
them available in the food-chain. The result is that metal 
toxicity becomes a greater problem than it would be in alka­
line waters. 

The Olifants River upstream from Loskop Dam was widely 
sampled over a 2-year period for an extensive range of con­
stituents. and the results are summarised graphically by 
their conforming or otherwise to guideline levels. At the 
same time, the metal levels in fish tissue (gills and liver) were 
also monitored, and the sublethal influence of Cu. Zn, Al 
and Mn on fish was determined using fish haematology as 
the measure of the organisms' response to pollution by 
heavy metals. This enabled the researchers to predict the 
effect of wtiter quality found in the upper Olifants River on 
the fish population. The influence of deteriorating water 
quality on the macro-invertebrate populations of the area 
was also recorded, and the more resistant species noted. 

Cost: R549 700 
Term: 1994-1998 

Water quality requirements for riverine biotas 
(No 626) Department of Zoology, University of Cape Town 

A Biological/Chemical Database was developed as part of 
this project, incorporating virtually all the ecological studies 
done on South African rivers which include both taxonomic 
and chemical data. Using SASS4 (South African Scoring 
System, version 4), several of the water-quality variables in 
the DWAF guidelines for environmental water quality were 
tested for each of the four regions (mountain, foothills, tran­
sitional and low-land rivers). The correlations obtained indi­
cate that this is not only a viable method for testing the 
acceptable range of water quality variables, but also for veri­
fying the SASS4 score of individual taxa. 

Using the Western Cape endemic amphipod Paramelita 
nigricolus as a test organism, the synergistic/antagonistic 
effects of Mn, Al and Cu were investigated. It was found that 
Mn opposed both Al and Cu. 

In addition, physical, chemical and biological conditions 
in the Breede River catchment were investigated. The main 
causes of degradation were found to be changes in conduc­
tivity, pH and NO, and N03-nitrogen. 

Cost: R359 700 
Term: 1994-1998 

Water quality modelling of estuaries 
(No 664) Division of Water, Environment and Forestry Technology, CSIR 

The development of estuarine water quality monitoring 
expertise was identified as a priority research requirement by 
the Co-ordinated Programme on Decision Support for the 
Conservation and Management of Estuaries. This project 
investigated the suitability of the one-dimensional Mike 11 
Water Quality Model to predict water quality in South 
African estuaries. The two estuaries selected were the Berg 
and the Swartkops, both of which are relatively long and 
narrow with permanently open mouths which suit one-
dimensional modelling. In addition, both are data-rich by 
South African standards. The model showed good correla­
tion between measured and simulated temperature and dis­
solved oxygen (DO), even predicting the low DO levels in the 
upper reaches of the Berg Estuary in the summer, although 
the high variability near the mouth was underestimated. 
This is possibly due to insufficient data on the inshore 
marine environment. One area of difference between these 
estuaries and those of the Northern Hemisphere is the sedi­
ment oxygen demand. It was postulated that this could be 
the result of a relatively small freshwater input. The effect of 
the 'black tide' on the Berg Estuary was modelled successful­
ly. This indicates that Mike 11 can also be used for linking 
water quality to biological processes. 

Nutrients such as soluble reactive phosphate and silicate 
were strongly correlated to salinity, but total dissolved nitro­
gen showed no correlation to any parameter either meas­
ured or modelled. Another current limitation is that the 
model cannot, in its present form, simulate bacterial water 
quality. 

Cost: R165 500 
Term: 1995-1998 

Tadpoles as bio-indicators of stream quality 
(No 718) Department of Biochemistry, University of the Western Cape 

Tadpoles are known to be sensitive to toxins in the environ­
ment and their numbers are declining. Once the tolerances 
of individual species are known, the composition of the tad­
pole community of a waterbody will indicate the quality of 
the water in which they are living, and so the fitness of the 
water for use as a drinking and household source. 

The results of the research are presented in two sections. 
The first section covers the classification of tadpoles, their 
distribution and seasonality. The distribution maps, descrip­
tions and an identification key for 36 species of tadpoles are 
clearly presented and easy to follow. The second section deals 
with a number of locally-used insecticides, fungicides and a 
herbicide, describing their use, known ecotoxicology and 
environmental fate, as well as the effect of each on the devel­
opment of Xenopus (platanna) tadpoles using the FETAX 
(frog embryo teratogenesis assay - Xenopus) test. 

The sensitivities of tadpoles to the test chemicals obtained 
in the second part are revealing, especially when the quanti­
ties of these chemicals marketed in the country are consid­
ered. Two examples taken from the chemicals tested are: 

• Deltamethrin (used for locust control) 
LC. 0.19 mg/1 (concentration at which 50% of the 
embryos fail to develop) 
ECS( 0.006 mg/I (effective concentration at which 50% 
of the embryos show dex'elopmental abnormalities) 



• B.t.i. (used for blackfly control) 
LC.() 163.2 mg/Z 
E(L0 0.02 mg/Z 

indicating that even low concentrations of chemicals in 
the environment are cause for concern. 

Cost: R160 200 
Term: 1995-1997 

Development of a production facility for test 
organisms to be used in flowing water 
ecotoxicological research 
(No 755) Institute for Water Research, Rhodes University 

The WRC has supported a suite of projects investigating the 
tolerance of indigenous organisms to variations in water 
quality. One of the constraints identified is availability of 
standard organisms of known age and origin for use in eco­
toxicological tests. Without this, the variability of the results 
obtained is likely to be increased by an unknown amount. 
This is the second project in a series which investigated the 
possibility of rearing suitable animals in the laboratory for 
use in water quality testing. The first project screened a 
series of organisms and this project has enabled the 
researchers to investigate two candidate species in some 
depth. The two candidate species are the freshwater limpet 
Burnupia stenochorias and the mayfly Adenophlebia auriculata. 
Another aim of the project was the design of a facility dedi­
cated to rearing invertebrates of use in ecotoxicological 
work. 

Further fleldwork was conducted on both the organisms. 
In the laboratory, progress has been made with the culture 
of B. stenochorias, particularly in the realms of feeding, 
growth rate and fecundity determinations. Handling of the 
limpets, which had proved difficult, was overcome success­
fully. A. auriculata proved easy to rear in the laboratory, but 
the constraint is in the breeding. Some success was achieved 
in the artificial fertilisation of the eggs, but these did not 
hatch. However, the organism is readily available in the field 
and so field-caught nymphs may be used experimentally. 

Cost: R395 800 
Term: 1996-1998 

Scenario modelling for the Kruger National Park 
Rivers Research Programme (KNPRRP) decision 
support system 
(No 782) Centre for Water in the Environment, University of 
the Witwatersrand 

Volume I of the final report on the above-mentioned 
research project, entitled Geomorphological Change Models for 
the Sabie River in the Kruger National Park (KNP) was finalised 
during 1998. The following objectives were addressed in this 
part of the project: 
• Refinement, verification and testing of a suite of hydraulic 

and geomorphological change models developed by the 
Centre for Water in the Environment (CWE) for use in the 
KNP decision support system (DSS) 

• Modelling of geomorphological change in the Sabie River 
since the early 1900s in order to isolate the effects of past 
climatic change and anthropogenic influences 

• Integration of the results with other research conducted 
within the KNPRRP. 

During the course of the project, geomorphological change 
was modelled under scenarios specified through the DSS. 
The understanding of and ability to predict the direction and 
magnitude of geomorphological change was enhanced 

through an investigation of the influence of flow regime on 
sediment transport characteristics; a study of the influence 
of flooding on the erodability of cohesive sediments; and the 
development and testing of a rule-based geomorphological 
unit change model which operates at spatial scales that can 
realistically be integrated with ecological studies. The results 
have been integrated with other research conducted under 
the auspices of the KNPRRP, particularly the abiotic-biotic 
links project (No 777) and the instream flow assessment 
project (No 874). 

Key findings of the study were: 
• The reduction of dynamic sediment storage resulting from 

reduced flooding influence is likely to impact significantly 
on the spatial and temporal assemblages of geomorpho­
logical features, since under conditions of reduced flood­
ing progressive sedimentation will systematically reduce 
the bedrock influence. The biodiversity of the system is a 
consequence of the mixed bedrock alluvial character of 
the river and will be severely affected if there is a loss of 
bedrock influence. 

• In order to achieve a new dynamic equilibrium in 
response to a reduced flooding regime, alluvial channel 
types display a tendency to erode whilst pools and (to a 
lesser degree) mixed anastomosing channel types show a 
tendency to aggrade. Loss of storage within braided chan­
nel types is likely to result in a smaller active channel 
incised within the macro-channel infill deposit. 

• The riparian vegetation along the Sabie River needs to be 
adequately managed to ensure that it continues to afford 
protection to the cohesive bed during extreme flood 
events. 

• There is encouraging evidence in support of the further 
development of rule-based modelling as a tool for predict­
ing change at the morphologic unit spatial scale that can 
realistically be integrated with ecological studies. 

Cost: R599 800 
Term: 1996-1997 

N e w p r o j e c t s 

Impact of herbicides used in water hyacinth 
control on natural enemies released against 
the weed for biological control 
(No 915) Plant Protection Research Institute, Agricultural Research Council 

The water hyacinth (Eichornia crassipes (Mart.)) is a pest 
world-wide, and is South Africa's worst aquatic plant pest. 
Its detrimental effects include out-competing other plant 
species, adverse habitat alteration, increase in evapotranspi-
rational losses, clogging of water courses and harbouring 
disease vectors. Nutrient enrichment of our surface waters 
stimulates vigorous growth, and a stand of the plant can 
double its area in 6 to 15 d under certain conditions. 

Mechanical harvesters have been designed which are suit­
able for work on canals (Europe and USA), but not on South 
African rivers. Chemical control is effective in the short 
term, and the herbicide Glyphosphate is registered in this 
country for use on water courses. Research elsewhere has 
indicated that while the herbicide itself may not harm the 
biocontrol agents, the surfactant may be toxic to the biologi­
cal control agents. This country has released six biological 
control agents against Eichornia, and the researchers antici­
pate that a substantial measure of control will be achieved 
within the next decade. 

However, the plant is so vigorous that outbreaks are likely 



to continue to occur under suitable conditions. To this end, 
the scientists see the need for an integrated control strategy 
in which the biological control wall be backed up by chemical 
control when necessary. 

This project aims to quantify the impact of the different 
formulations of herbicides used in the chemical control of 
the water hyacinth on the biological control agents, and for­
mulate an integrated control strategy for South Africa. 

Estimated cost: 
Expected term: 

R107 000 
1998-1999 

Invertebrates of South Africa - Identification 
keys 
(No 916) Umgeni Water (for the South African Society of Aquatic Scientists) 

Over the past decade a number of keys for the identification 
of groups of aquatic invertebrates have been produced by 
aquatic scientists, but these have not been published as a 
suitable publisher could not be found. At the time this 
national collaborative project was initiated, the need for the 
keys was almost entirely within the aquatic scientist com­
munity, and many of the keys have been circulated in 
unpublished form for use by other scientists and as teaching 
resources. 

However, the wide acceptance of the SA Scoring System 
(SASS) (a water quality assessment method based upon the 
size and diversity of invertebrate populations) as a biomoni-
toring tool during the last few years has made the need for 
the publication of these keys a matter of priority. The rea­
sons for this are: 
• SASS is now being used by technicians as well as scientists 
• The need for people skilled in aquatic invertebrate identifi­

cation will increase substantially in the foreseeable future 
as the need for biomonitoring is included in DWAF's policy 
on resource protection. 

Questionnaires were sent to scientists currently active in the 
invertebrate field and substantial comment was received 
motivating for the publication of the keys. 

This project will produce a series of identification keys to 
cover all of South Africa's freshwater aquatic invertebrates. 

Estimated cost: 
Expected term: 

R185 000 
1998-2001 

Promotion of scientifically based estuaries 
management through the development of 
an estuaries management handbook 
(No 917) Institute for Natural Resources, University of Natal 

The importance of South Africa's estuaries is out of all pro­
portion to their area. From a marine point of view they are 
breeding grounds and nursery areas for some of our impor­
tant marine resources; from a terrestrial point of view, they 
are in high demand for many types of recreation. Urban or 
holiday coastal developments often centre on estuaries. 

At the moment, however, there is no 'one-stop-shop' 
where the people who make the day-to-day decisions on the 
management of the country's estuaries can obtain informa­
tion on how to plan and execute their developments while 
sustaining the essential estuarine functions. A good deal of 
scientific knowledge exists within CERM (scientists of the 
Consortium for Estuarine Research and Management), and 
the handbook developed during this project will translate 
this knowledge into management principles, so that this 
may be applied where the need is. The handbook will be 
written in such a way that it can be used as a resource for an 
institutional training and support system. 

Specifically, this will be achieved through: 
• Collaborative (scientists and managers) development of a 

practical introduction and guide to the structure, func-
lioninn and maiiaueiiient of estuaries 
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Mpekweni Estuary in the Eastern Cape. Decision-support systems for the management and conservation of estuarine systems are being 
developed. 
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• An institutional (coastal universities and institutions) sys­
tem which provides training and support for local man­
agers and interested and affected parties 

• An information network and management system which 
sustains interest and promotes management based on 
current understanding 

• Provision of practical guidelines for monitoring and data 
collection necessary for enhanced management. 

Estimated cost: R250 000 
Expected term: 1998 

Use of indigenous riverine organisms in applied 
toxicology and water-resource quality 
management 
(No 955) Institute for Water Research, Rhodes University 

Initial motivation for this programme came from the realisa­
tion, early in the Kruger National Park Rivers Research Pro­
gramme, that there was very little information on the water 
quality tolerances of riverine invertebrates. Substantial 
progress has been made in this area, and the approach has 
proved itself in contributing to the setting and refining of 
both general and site-specific water quality guidelines for the 
protection of aquatic ecosystems. Quantitative data on the 
tolerance of local riverine organisms to either individual 
water quality parameters or whole effluents are few. These 
data, which are relatively simple, need to be interpreted in 
the context of complex problems in a complex environment 
for the development of meaningful guidelines. This interpre­
tation will allow the data to be incorporated in the setting of 
effluent-discharge criteria in permits. The information gen­
erated by toxicological work also provides an important link 
between biological monitoring, which is becoming estab­
lished in the country, and chemical monitoring which has 
been widely used for some years. 

To address the above, the overall aims of this project are 
to: 
• Apply eco-toxicological methods using indigenous riverine 

taxa as test organisms 
• Continue the development of methods to apply results to 

the development and refinement of guidelines 
• Further develop water-resource quality policy, including 

the application of toxicological end-points in permit crite­
ria. 

Specifically, this will be done by extending the range of vari­
ables and whole effluents tested on indigenous organisms, 
and initially to apply this knowledge to setting site-specific 
guidelines. On a wider scale, the knowledge generated in this 
research will contribute to the formulation of policy on 
resource quality. 

Estimated cost: 
Expected term: 

R926000 
1998-2001 

Development of numerical methods for 
assessing water quality in rivers, with particular 
reference to the "instream f low requirements" 
process 
(No 956) Department of Zoology, University of Cape Town 

Management of water quality is one of the major issues fac­
ing water managers in South Africa. Three aspects of water 
quality in relation to 'the environment' (particularly aquatic 
ecosystems, but in fact all users of water) concern the devel­
opment of guidelines for aquatic systems; biomonitoring 
and the assessment of the impact on water quality by pro­
posed new water resource development. On the first of these 

the Biological-Chemical Database developed during the pre­
vious project (No 626) will be verified for South Africa as far 
as data availability will allow. Regarding the second concern, 
the Biological-Chemical Database has the potential for objec­
tively verifying the scores allocated to invertebrate taxa by 
the South African Scoring System (SASS) biomonitoring 
tool. Currently these scores are based solely on expert opin­
ion. The third point outlined above, forming the major 
thrust of this project, will address the lack of any protocol 
for incorporating water quality considerations into the 
assessment of instream flow requirements (IFR) for the base-
flow required in terms of the new Water Act for both basic 
human needs and the environment. 

The aims of this project are to: 
• Manage and update the Biological-Chemical Database 

developed during Project No 626, verify SASS scores and 
identify water quality requirements for taxa 

• Investigate water quality requirements for taxa 
• Examine specific aspects of the influence of water quality 

on invertebrates endemic to the South-Western Cape 
• Establish the relationship between water quality and 

water quantity with particular reference to IFR assess­
ments. 

Estimated cost: 
Expected term: 

R800 000 
1998-2000 

Ecological risk assessment in water resource 
management: Research priorities, process 
development and implementation guidelines 
(No 957) Division of Water, Environment and Forestry Technology, CSIR 

Ecological risk assessment (ERA) is a recently developed 
methodology which permits people whose activities influ­
ence the environment, such as industry or decision-makers, 
to gauge the probability of their actions or decisions having 
undesirable effects. The methodology is becoming widely 
used in the USA and Europe, and in our interactions with 
these countries we are being required to show that we con­
form to their requirements. 

Water resource assessment, management and policy for­
mulation were in the past mainly in the areas of biological 
assessments, chemical measurements and modelling, and 
toxicity evaluations. The advent of ERA as an assessment 
process and the changes in policy and focus of the regulato­
ry agencies (mainly DWAF) provides the climate for the inte­
gration of existing technologies into a product that can 
more adequately address the needs at both government and 
private-sector levels. 

The overall objective of the proposed project is to focus the 
techniques for ecological assessment of water resources 
within the new regulatory context. The developed ERA 
process should facilitate and co-ordinate the ecological con­
tributions towards predictive assessments, regulatory 
processes, sustainable development issues and retrospective 
analyses. 

Estimated cost: 
Expected term: 

R825000 
1998-2000 



Assessment of the implications of inter-basin 
water transfers for the genetic integrity of 
donor and recipient river basins using selected 
taxa 
(No 975) Department of Zoology, University of Cape Town 

Southern Africa is a leader in the development of inter-basin 
water transler (IBT) technologies. Across the region, water is 
seen as one of the greatest constraints to increased socio-
economic development and as with many dryland regions 
across the globe, IBTs are increasingly being used to rectify 
the problems posed by the uneven distribution of surface 
waters. In South Africa, the growing use of IBTs has seen 
them listed as one of the major threats to the integrity of 
river and stream ecosystems. One of the main concerns 
voiced thus far is the transfer of species and individuals 
between river basins. More recent concerns however, have 
focused attention on the transfer of species, as well as that of 
individuals from different populations between river basins. 

The very nature of river basins provides natural isolating 
mechanisms which safeguard genetic diversity. However, 
already in South Africa there are a number of extant IBTs 
which cross not only adjacent river catchments but which 
move water, and potentially individuals and species, across 
biogeographic boundaries. The objective of this project is to 
examine the integrity of river basins by assessing the levels 
of genetic differentiation between rivers in the Western Cape 
Province. 

The aquatic insects proposed for assessment during this 
project reflect different dispersal potentials across a gradient 
at both the larval and adult stages. With this in mind, this 
project aims to examine the integrity of river basins and to 
assess the implications of IBTs for the conservation of river 
ecosystem functioning and riverine biodiversity using select­
ed taxa and to contribute to the development of a manage­
ment protocol for use in the assessment of the ecological 
effects of IBTs on both donor and recipient river basins. 

Estimated cost: 
Estimated term: 

Rll5 000 
1998-2000 

Development of methodologies to promote 
interaction between the Kruger National Park 
Rivers Research Programme (KNPRRP) and 
catchment stakeholders 
(No 986) Centre for Water in the Environment, University of 
the Witwatersrand 

The Sub-Programme: Research of the KNPRRP has identi­
fied as priority the need for further development and applica­
tion of the desired state objectives hierarchy protocol 
(DSOHP), with particular reference to integrated catchment 
management and incorporating the needs and values of pre­
viously excluded communities. Two specific needs, to be 
addressed in this project, are the following: 

• Development and testing of a training programme and 
manual for transfer of the DSOHP: 

Phase III of the KNPRRP has the dominant theme of 
technology transfer to stakeholders and river forums. One 
of the factors limiting the effectiveness of forums and 
their interaction with the KNPRRP, is the difficulty experi­
enced in integrating the objectives of the various partici­
pants into a common and cohesive strategy for river basin 
management. The KNPRRP DSOHP can provide a frame­
work for developing such a strategy, but it is difficult for 
many people who are unskilled in strategic management 

to adopt the strategy merely by reading the relevant docu­
mentation. The intention is for the developers of the pro­
tocol to assist conservation and environmental manage­
ment groups to develop their own objectives hierarchies. 

Development of appropriate instruments to survey com­
munity perceptions of their needs and values for river 
management, and to incorporate these into the relevant 
objectives hierarchies, thereby empowering previously 
excluded communities in river management. 

The DSOHP is underpinned by negotiation processes 
aimed at incorporating the needs and values of involved 
parties into a strategic, scientifically sound, management 
plan. In instances of multi-party catchment management 
it is essential to engage all parties at the start to ascertain 
their "desired state" of a river. In most catchments this 
will entail dealing with a very wide range of social and 
economic groups and the current protocol is too coarse 
for this purpose. In particular there is a need to under­
stand the values and needs of communities previously 
excluded from the decision-making processes. 

Estimated cost: 
Expected term: 

R95000 
1998-1999 

Development of a programme for water-quality 
research and technology transfer on the rivers 
flowing through the Kruger National Park (KNP) 
(No 988) Centre for Water in the Environment, University of 
the Witwatersrand 

Despite the fact that there are many pressing water quality 
problems in the KNP rivers, the Rivers Research Programme 
has up to now not been able to effectively engage this issue. 
The Sub-Programme: Research of the KNPRRP in its plan­
ning confirmed two priority research and technology trans­
fer needs for the remainder of Phase HI of the programme. 
One of these is to generate an explicit thrust to improve the 
understanding of water quality issues in the catchments of 
the KNP rivers, and to transfer existing knowledge to catch­
ment forums. The strategy to engage other parties in the 
catchments in explicit integrated catchment management 
activities requires that there is a solid grasp of what the 
issues are. what can be done with existing information and 
where future research should focus. Much information is 
available, but is fragmented and requires integration before 
it can be used to generate a clear and achievable plan of 
action for the future. 

Against the above background, the project will have the 
following objectives: 
• Review the existing knowledge of current water quality 

issues of the perennial rivers flowing through the KNP, 
and the available technology for dealing with water quali­
ty issues 

• Compile an annotated list of the main interested and 
affected parties and their information and management 
needs 

• Develop a strategy for effective transfer of existing knowl­
edge and technology for managing the rivers of the KNP 

• Develop a strategy by which the KNPRRP can effectively 
contribute to the enhancement of the knowledge base 
and its application. 
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Estimated cost: 
Expected term: 

R70 000 
1998 
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Research pro jects 

Completed 
a K8/83 Key to phytoplankton species (University of Cape 

Town - Department of Zoology) 

I I K8/229 Potential for the biological control of the floating 
aquatic weed Azolla filiculoides Lamarck (red water 
fern/rooivaring) in South Africa (Agricultural Research 
Council - Plant Protection Research Institute) 

l i 376 Geomorphological response to changing f low regimes 
of the Sabie and Letaba River system (University of the 
Witwatersrand - Department of Botany) 

l i 422 Rapid biological assessment of water quality impacts in 
streams and rivers (CSIR - Division of Water, Environment 
and Forestry Technology) 

11 463 Diversity and productivity of biotic communities in 
relation to freshwater inputs in Eastern Cape estuaries 
(University of Port Elizabeth - Department of Zoology) 

H 474 Developing an integrated approach to predicting the 
water use of riparian vegetation (University of the 
Witwatersrand - Department of Botany) 

S3 505 Environmental status of the Orange River mouth as 
reflected by the fish community (University of the Orange 
Free State - Department of Zoology and Entomology) 

B 576 Effects of different magnitude flows on riverine 
ecosystems (University of Cape Town - Freshwater Research 
Unit) 

B 608 Lethal and sublethal effects of metals on fish physiology 
in the Republic of South Africa (Rand Afrikaans University -
Department of Zoology) 

B 626 Water quality requirements for riverine biotas (University 
of Cape Town - Department of Zoology) 

13 664 Water quality modelling of estuaries (CSIR - Division of 
Water, Environment and Forestry Technology) 

H 718 Tadpoles as bio-indicators of stream quality (University 
of the Western Cape - Department of Biochemistry) 

B 755 Development of a production facility for test organisms 
to be used in flowing water ecotoxicological research 
(Rhodes University - Institute for Water Research) 

a 782 Scenario modelling for the Kruger National Park Rivers 
Research Programme (KNPRRP) decision support system 
(University of the Witwatersrand - Centre for Water in the 
Environment) 

Current 
H 428 Overview of the pesticide and heavy metal levels 

present in populations of the larger indigenous fish species 
of selected South African rivers (CSIR - Division of Water, 
Environment and Forestry Technology) 

H 497 Geomorphological classification system for South 
African river systems (Rhodes University - Department of 
Geography) 

I I 525 Natural and unnatural factors regulating the structure 
and functioning of estuarine systems (University of Natal -
Institute of Natural Resources) 

577 Decision support system for the integrated 
management and conservation of estuaries (University of 
Natal - Institute of Natural Resources) 

601 Freshwater requirements of plant communities in 
different types of estuaries (University of Port Elizabeth -
Department of Botany) 

627 Integrated modelling system for predicting the impacts 
of changes in water quantity and quality brought about by 
upstream development (Sigma Beta (CE)) 

663 System-related scale study to determine the function of 
the riparian vegetation of the Olifants River, Transvaal 
(Agricultural Research Council - Roodeplaat Grassland 
Institute) 

665 Assessment of the ecological impacts of inter-basin 
transfer schemes in dryland environments (University of 
Cape Town - Department of Zoology) 

669 Survey for potential biological control agents for the 
troublesome alga Cladophora glomerata (Agricultural 
Research Council - Plant Protection Research Institute) 

686 Application of an artificial stream system to investigate 
macro-invertebrate water quality tolerances (Rhodes 
University - Institute for Water Research) 

716 Water quality and aquatic faunal studies in the 
Umzimvubu catchment. Eastern Cape, with particular 
emphasis on species as indicators of environmental change 
(University of the Transkei - Department of Zoology) 

722 Effect of inter-basin transfer on the hydrochemistry, 
benthic invertebrates and ichthyofauna of the Mhlatuze 
Estuary and Lake Nseze (University of Zululand -
Department of Zoology) 

754 Linking abiotic and biotic data on South African Rivers 
(University of Cape Town - Department of Zoology) 

756 Decision support for the management and conservation 
of estuarine systems: Phase 2 (University of Natal - Institute 
for Natural Resources) 

783 Tolerances of selected macro-invertebrates from the 
Buffalo River (Eastern Cape, South Africa) to components 
and dilutions of textile effluent (Rhodes University - Institute 
for Water Research) 

812 Botanical importance rating of estuaries in the former 
Ciskei and Transkei (University of Port Elizabeth -
Department of Botany) 

813 Rule-based modelling for management of riparian 
systems (University of the Witwatersrand - Department of 
Botany) 

849 Geomorphological research for the conservation and 
management of Southern African rivers (Rhodes University-
Department of Geography) 

850 Develop procedures for regional implementation and 
maintenance of the DWAF's National Biomonitoring 
Programme (CSIR - Division of Water, Environment and 
Forestry Technology) 

856 Interaction of reed distribution, hydraulics and 
geomorphology in semi-arid rivers (University of the 
Witwatersrand - Centre for Water in the Environment) 



I I 874 Instream flow assessments: Technology transfer of the 
building-block methodology (University of Cape Town -
Department of Zoology) 

Wt 877 Verification of estimates of water use by riverine 
vegetation on the Sabie River in the KNP (CSIR - Division of 
Water, Environment and Forestry Technology) 

■ 881 Development of a classification system for rivers of the 
KNP, and a model for analysing trends in the condition of 
these rivers (Rhodes University - Institute for Water 
Research) 

B 882 Prediction of flow modification effects in the rivers of 
the KNP (University of the Witwatersrand - Centre for Water 
in the Environment) 

B 883 Maintenance and updating of the KNPRRP meta data 
catalogue (University of Natal - Institute for Natural 
Resources) 

S 884 Hydrological modelling to manage the environmental 
reserve within the KNP (University of Natal - Department of 
Agricultural Engineering) 

New 
B 915 Impact of herbicides used in water hyacinth control on 

natural enemies released against the weed for biological 
control (Agricultural Research Council - Plant Protection 
Research Institute) 

■ 916 Invertebrates of South Africa - Identification keys 
(Umgeni Water (for the South African Society of Aquatic 
Scientists)) 

■ 917 Promotion of scientifically based estuaries management 
through the development of an estuaries management 
handbook (University of Natal - Institute for Natural 
Resources) 

■ 955 Use of indigenous riverine organisms in applied 
toxicology and water-resource quality management (Rhodes 
University - Institute for Water Research) 

S 956 Development of numerical methods for assessing water 
quality in rivers, with particular reference to the "instream 
flow requirements" process (University of Cape Town -
Department of Zoology) 

■ 957 Ecological risk assessment in water resource 
management: Research priorities, process development and 
implementation guidelines (CSIR - Division of Water, 
Environment and Forestry Technology) 

■ 975 Assessment of the implications of inter-basin water 
transfers for the genetic integrity of donor and recipient 
river basins using selected taxa (University of Cape Town -
Department of Zoology) 

S 986 Development of methodologies to promote interaction 
between the Kruger National Park Rivers Research 
Programme (KNPRRP) and catchment stakeholders 
(University of the Witwatersrand - Centre for Water in the 
Environment) 

S 988 Development of a programme for water quality 
research and technology transfer on the rivers flowing 
through the Kruger National Park (KNP) (University of the 
Witwatersrand - Centre for Water in the Environment) 
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CONTACT PERSONS 
Dr SA Mitchell (Stream Fauna and Flora and Aquatic 
Ecosystems) 
e-mail: steve@wrc.org.za 
Mr HM du Plessis (Irrigation Return Flow) 
e-mail: meiring@wrc.org.za 
Mr JN Bhagwan (Natural Wetlands) 
e-mail: jbhagwan@wrc.org.za 
Mr DS van der Merwe (Facets of the KNPRRP) 
e-mail: david@wrc.org.za 
Dr GR Backeberg (Resource Economics) 
e-mail: backeberg@wrc.org.za 

■S1 (012)330-0340 

mailto:steve@wrc.org.za
mailto:meiring@wrc.org.za
mailto:jbhagwan@wrc.org.za
mailto:david@wrc.org.za
mailto:backeberg@wrc.org.za


v* 

By its very nature and scale, 

South African mining has a marked 

and visual impact on the environment. 

Jthough mining is not regarded as a major consumer 
of water, it is implicated as a significant polluter of our water 
resources. Acid mine drainage (AMD), which is the main 
type of water pollution emanating from mining activities, 
originates from the pyrites which occur in most of the geo­
logic formations which are being mined. Mining activity 
goes hand in hand with the disturbance and shattering of 
previously undisturbed material, thereby exposing pyrites 
and other minerals to accelerated weathering. When 
exposed to air and water, pyrites oxidise to produce sulphuric 
acid - the main constituent of AMD. Metals, such as iron, 
which dissolve under acidic conditions, are further con­
stituents of mine drainage. In water-rich countries the low 
pH and metals associated with AMD are the main causes of 
concern - the reason being that these countries mostly have 
surplus capacity to dilute the accompanying salinity. In 
water-poor South Africa, with our limited dilution capacity, 
the high salinity associated with AMD is an additional cause 
for concern. Although much can be learned from the experi­
ence of other countries concerning mine-water manage­
ment, our specific conditions mostly require that we adapt 
their findings to our situation. 

Most of the impact mining has on the water environment 
is of a diffuse (i.e. non-point) nature. Because of the com­
plexity of dealing with non-point pollution, the effort to reg­
ulate this impact is of fairly recent origin. Government and 
the mining industry have come to an agreement that the 
necessary regulation will largely be satisfied by the precondi­
tion that a mine prepare an Environmental Management 
Programme which, after consideration and possible modifi­
cation, would be accepted by Government. Acceptance of 
the Programme is followed by Government's monitoring of 
the Programme's execution by the mine. The mining indus­
try has herewith accepted that environmental rehabilitation 
will form an integral part of mining operations. By keeping 
to the letter and spirit of environmental management pro­
grammes, it is expected that individual mines will keep the 
negative environmental impact of their operations to within 
acceptable limits. The implementation of environmental 
programmes has given rise to many new research needs in 
the mining industry. These and other research activities are 
being co-ordinated by the WRC's Co-ordinating Committee 
for Mining-Related Water Research (CCMRWR) comprising 
representatives and individuals from Government, mining 
and the research community. 

The CCMRWR identified the the following six problem 

areas as those in which technology is either not available or 
inadequate to deal with the water-related problems being 
experienced: 
• Water treatment 
• Water management 
• Prediction of environmental impacts at source level on a 

mine 
• Quantification of the effect of mining operations on sur­

face- and groundwater resources 
• Data acquisition systems, databases and information sys­

tems 
• Policy regarding the effect of mining on the water envi­

ronment. 
Specific research and technology-transfer needs within these 
problem areas have been identified. New needs and their rel­
ative priorities are reviewed on an annual basis to give guid­
ance to researchers and funding agencies. 

Excellent co-operation exists between the different mining 
houses, government departments and the WRC concerning 
the execution of projects. Several projects funded by the 
WRC are being co-funded from other sources. 

C o m p l e t e d p r o j e c t s 

Use of vegetation in the amelioration of the 
impacts of mining on water quality - An 
assessment of species and water use 
(No 413) Division of Water, Environment and Forestry Technology, CSIR 

Mining activity at, or close to, the soil surface goes hand in 
hand with the disturbance of surface soils and the shatter­
ing of bedrock. This in turn results in increased infiltration 
of water while surface runoff is decreased. The exposure of 
hitherto unweathered surfaces furthermore mostly causes 
the water quality of the percolate from these areas to deteri­
orate markedly in comparison to the undisturbed condition. 
This project investigated the feasibility of using trees with a 
deep root system and high transpiration requirement, to 
reduce flow of water through mine material, thereby reduc­
ing the associated water quality degradation. Measurements 
at mine sites indicated that trees (mostly eucalypts) do grow 
well under the harsh environmental conditions associated 
with mines and that they generally use considerably more 
water than grass covers. 

Cost: R746 000 
Term: 1991-1996 



Development of an integrated and generic 
water quality simulation model for open-cast 
coal mining water circuits 
(No 528) Wates, Meiring and Barnard (CE) Inc. 

Several very large open-cast collieries are operative on the 
Mpumalanga Highveld and these are contributing a sub­
stantial salt load to the water resources in the area. One of 
the problems facing regulating authorities and mines is the 
lack of tools by means of which to predict how mining oper­
ations affect water quality over time. This project con­
tributed to the development of a generic mine-water model 
which can be used to predict the water balance on an open­
cast mining operation, including runoff, seepage, and 
groundwater recharge. The model simulates the water flow 
and associated water quality over the operational life of an 
open-cast pit. The simulation is done for a selected hydrolog-
ical sequence and operates at a monthly time-step. The 
open-cast pit is subdivided into a number of individual min­
ing blocks to allow the mine scheduling to be incorporated 
into the model. Each mining block is further subdivided into 
up to 10 horizontal layers. This allows the simulation of the 
vertical spatial variation of oxygen and water migration. 

Cost: R388 600 
Term: 1993-1995 

Screening of crop, pasture and wetland species 
for tolerance of polluted water originating 
in coal mines 
(No 582) Department of Plant and Soil Science, University of Pretoria 

Plants can play an important role in ameliorating the nega­
tive effects of poor-quality mine drainage water. They are 
being used in wetlands designed for water treatment, or to 
utilise water (which otherwise would be only a liability) for 
the irrigation of suitable crops. Many plants will, however, 
not survive exposure to mine drainage and. therefore, suit­
able plant species for this purpose need to be selected. This 
project aimed to identify plant species which would be suit­
able for cultivation under irrigation with polluted mine 
waters, or as wetland species, in order to either improve the 
water quality or put it to beneficial use. Selected crops and 
pastures suitable for cultivation under prevailing climatic 
conditions and under irrigation were investigated under 
applicable glasshouse, growth-chamber and field conditions 
for their tolerance to lime-treated acid mine drainage 
(AMD). Other high-sulphate and sodic-saline waters were 
also investigated under controlled conditions. In addition, 
some wetland species were investigated, and some tentative 
studies were conducted on possible soil-physical and -chemi­
cal changes associated with application of treated AMD. The 
latter were conducted in soil columns, as well as through 
modelling of the soil-chemical changes observed in the field 
trials. It is now clear that neutralised AMD can be used for 
irrigation of a large range of crops. 

Cost: R329 000 
Term: 1993-1996 

Development of an information transfer, 
extraction and management system for 
mine-water management and treatment 
(No 750) Pulles, Howard and De Lange Inc. 

Millions of rands are spent annually on mining-related 
research in South Africa and many times more is spent 
internationally. Despite this level of effort and financing, 

most local users remain unaware of the information which 
is available to assist them in managing mine-water systems 
and resources. Users, such as mines, furthermore, seldom 
have the capability to keep up to date with all these develop­
ments. This project developed a computerised Information 
Transfer, Extraction and Management System (ITEMS) 
which enables users to gain access to local and international 
information on mine-water quality, management, treatment 
and research. The six modules incorporated in ITEMS, viz. 
literature, water quality guidelines, contaminant properties, 
research results, an impact assessment manual and a mine-
water management manual, and the options available in 
each of the modules, render ITEMS an extremely versatile 
information tool. The total computer file size of the data­
bases is 87 Mbytes. ITEMS is available on CD-ROM. 

Cost: R172 900 
Term: 1996-1997 

M e w p r o j e c t s 

Quantitative evaluation of water utilisation 
in different rehabilitation methods for slimes 
dams 
(No 899) Envirogreen and Freegold 

The rehabilitation/stabilisation of slimes dams at gold mines 
is important not only from an aesthetic point of view, but 
also to impede detrimental impacts on the water and general 
environment. Indications are that the irrigation require­
ments of the various rehabilitation methods currently in use 
can differ substantially, and are largely governed by the need 
to leach excess salts and acidity from the slimes-dam "soils" 
and the required water quality and quantity of the vegeta­
tion cover. Of importance here is the vegetation cover used; 
the more sustainable the vegetation is, the less water is need­
ed to maintain it. Exotic vegetation often needs more water 
than indigenous plants, and it is thus important to identify 
the most suitable vegetation for slimes dams. Moreover, the 
sustainability of the vegetation without the need for further 
irrigation must be reached as soon as possible in order to 
save more water in the long term. This project aims to deter­
mine which of the present rehabilitation methods require 
the least water during the initial vegetation stage, and iden­
tify the method of slimes-dam rehabilitation which requires 
the minimum amount of water for the most sustainable end-
product. 

Estimated cost: R123 000 
Expected term: 1998-2001 

Development of a management strategy for the 
controlled release of saline mine water during 
flood conditions in the Witbank Dam catchment 
(No 900) Ninham Shand (Cape) Inc. and Wates, Meiring and Barnard 
(CE) Inc. 

DWAF recently undertook a pilot project to assess the viabili­
ty of allowing controlled saline mine water releases during 
flood conditions as one of the water quality management 
tools in the Upper Olifants River catchment. The project gave 
some encouraging results, but concerns were expressed 
about the prediction and management of impacts at abstrac­
tion points within Witbank Dam and local impacts immedi­
ately downstream of mine-water releases. A continuation of 
the controlled release of saline mine water, would therefore 
be dependent on the availability of modelling tools to sup-
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port the decisions which are made. The project aims to 
achieve two linked objectives; viz. the simulation of water 
and salinity profiles in the upstream catchment and estab­
lishment of a hydrodynamic salinity simulation model of the 
Witbank Dam. Both these models will be tested, using field 
observations of flow and quality. The models will then be 
integrated and used to compile a rule-based approach to the 
future management of saline mine-water releases in the 
Witbank Dam catchment. 

Estimated cost: 
Expected term: 

R300 000 
1998-2001 

Development of an Internet Service Centre on 
water-modelling systems for the mining 
industry 
(No 901) Pulles, Howard and De Lange Inc. 

The use of predictive models is becoming more common­
place to assist with a wide range of issues, from mine plan­
ning through to decommissioning. Water resource model­
ling covers the fields of hydrology, water quality, 
geochemistry, groundwater, water and salt balances, and 
radiation. As the available models for a specific task multiply, 
all users find it increasingly difficult to select the most appro­
priate model for a specific task. This project aims at providing 
users with information which will assist them in the selec­
tion process by describing those models which are currently 
in use in South Africa, as well as those models which could 
be used, but which are currently only used in countries 
abroad. An Internet Service Centre (ISC) will be established 
which will provide details on various aspects of each model 
as well as its availability and use locally and internationally. 
Links will be established to local and international studies. 
The ISC will be housed at the CCWR in Pietermaritzburg. 
Although not directly responsible for the maintenance of 
the site in the future, the CCWR will provide technical sup­
port to the maintenance team. 

Estimated cost: R300 000 
Expected term: 1998 

R e s e a r c h p r o j e c t s 

Completed 
M 413 Use of vegetation in the amelioration of the impact of 

mining on water quality - An assessment of species and 
water use (CSIR - Division of Water, Environment and 
Forestry Technology) 

m 528 Development of an integrated and generic water 
quality simulation model for open-cast coal mining water 
circuits (Wates, Meiring and Barnard (CE) Inc.) 

■ 582 Screening of crop, pasture and wetland species for 
tolerance of polluted water originating in coal mines 
(University of Pretoria - Department of Plant and Soil 
Science) 

E5 750 Development of an information transfer, extraction and 
management system for mine-water management and 
treatment (Pulles, Howard and De Lange Inc.) 

Current 
M 454 Occurrence of bacteria causing acid mine drainage in 

the outer layers of coal waste dumps (University of 
Stellenbosch - Department of Microbiology) 

■ 575 Calibration of models for the design of covers for open­
cast mine and waste dump rehabilitation (Wates, Meiring 
and Barnard (CE) Inc.) 

■ 647 Application of isotope chemistry to quantify the 
contribution of gold and coal mines to salt pollution load in 
groundwater and rivers (CSIR - Division for Earch, Marine 
and Atmospheric Science and Technology) 

m 699 Prediction techniques and preventative measures 
relating to the post-operational impact of underground 
mines on the quality and quantity of groundwater resources 
(University of the Orange Free State - Institute for 
Groundwater Studies, Chamber of Mines of South Africa 
and DWAF) 

■ 700 Pilot-scale development of integrated passive water 
treatment systems for mine effluent streams (Pulles, Howard 
and De Lange Inc., the Chamber of Mines of South Africa, 
Eskom and Sasol Coal) 

3 745 Suitability and impact of power station fly ash in mining 
rehabilitation (University of the Orange Free State - Institute 
for Groundwater Studies) 

S 797 Preliminary assessment of pollution contained in the 
unsaturated and saturated zones beneath reclaimed mine 
dumps (Geo-Hydro Technologies) 

■ 800 Economic and technical evaluation of regional 
treatment options for point source gold-mine effluents 
entering the Vaal Barrage catchment (Stewart Scott (CE) 
Inc.) 

■ 801 Generic water balance for the South African coal­
mining industry (Pulles, Howard and De Lange Inc.) 

a 802 Determination of the suitability of alternative carbon 
sources for sulphate reduction in the passive treatment of 
mine waters (CSIR - Division of Water, Environment and 
Forestry Technology) 

New 
■ 899 Quantitative evaluation of water utilisation in different 

rehabilitation methods for slimes dams (Envirogreen and 
Freegold) 

B 900 Development of a management strategy for the 
controlled release of saline mine water during flood 
conditions in the Witbank Dam catchment (Ninham Shand 
(Cape) Inc. and Wates, Meiring and Barnard (CE) Inc.) 

■ 901 Development of an Internet Service Centre on water-
modelling systems for the mining industry (Pulles, Howard 
and De Lange Inc.) 

CONTACT PERSONS 

Mr HM du Plessis (Mine-Water Management) 
e-mail: meiring@wrc.org.za 

"3 (012)330-0340 
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In recent years dynamic and purposeful 

policy changes have been brought about 

in the water sector. 

T his has involved public consultation, release of vari­
ous discussion documents, publication of the White Paper 
on a National Water Policy and promulgation of the Water 
Services Act and National Water Act. Indications are that 
the emphasis has now shifted from formulation to the imple­
mentation of policy. The issues under consideration for the 
effective management of the demand and supply of water 
are: 
• Taking the value of water into account when calculating 

cost 
• Measuring water use and relating use to actual cost of 

supply 
• Recovering cost partially or fully from direct beneficiaries. 
The implication for policy research is that priority attention 
must be given to guidelines that will promote active partici­
pation of water users in water resource management. Expe­
rience in South Africa and internationally has already 
demonstrated that transferring management responsibilities 
from a central to a local level leads to an improvement in 
water delivery services and a reduction of operation and 
maintenance cost. Since a government department usually 
retains control over water resources and the main storage 
and distribution network, communication lines must be 
established between representatives of private water users 
and public authorities. The strategies, functions and struc­
tures of organisations such as Catchment Management 
Agencies and Water User Associations must therefore be 
investigated in more detail. 

Another area of research is the application of economic 
and legal or regulatory policy instruments for the integrated 
management of the quantity and quality of surface and 
underground water. The social, economic and ecological 
impact of various water tariffs and pollution charges which 
can be combined with quotas and licences or public educa­
tion and persuasion, must be analysed further. Effective poli­
cy advice requires, amongst others, information on the 
value of water for ecological, domestic, agricultural and 
industrial uses; the elasticity of demand and the response of 
water users to tariff increases; the appropriate levels of tar­
iffs and charges to influence the quantity and quality of 
water used; and the recovery of water supply cost without 

creating additional tax burdens which are disincentives for 
productivity growth and economic development. 

Having specified the information requirements in the pre­
vious annual report, the ongoing and new research projects 
focus predominantly on valuation of water resources and 
various aspects relating to water tariffs and pollution 
charges. Although a start has been made to develop man­
agement guidelines for local service providers, more 
research needs to be done on water organisations. 

C o m p l e t e d p r o j e c t s 

Establishment of a research framework for local 
authorities and the preparation of the first part 
of a series of management guidelines for water 
and waste departments in local authorities 
(No 758) Palmer Development Group 

The output from this study is a set of guidelines entitled 
Management Guidelines for Water Service Institutions. These 
Guidelines emanate from a need identified by local authori­
ties to deal with: 
• Tariff-setting 
• Dealing with consumers 
• Reporting procedures 
• Determining need and demand for services 
• Structuring effective water and waste agencies. 
The Water Services Act, Act 108 of 1997, can be considered 
to be one of the most important pieces of water legislation in 
our history. The development of the Guidelines came at a 
very opportune time coinciding with the drafting of the Act. 
Hence, many of the principles of the Act have been incorpo­
rated into the Guidelines. The Guidelines do not represent 
statutory requirements and have to be used at the discretion 
of the user. However, the Guidelines have been prepared 
with input from key national government departments and 
senior representatives of local governments. Thus it repre­
sents a 'reasonable consensus' with regard to an approach 
to the key activities addressed in the series. 

The Guidelines are intended to assist those who are 
responsible for providing water services (water supply and 



sanitation). The approach used is as far as possible, to identi­
fy best practice and to provide a methodology for carrying 
out various key activities. It has been written primarily for 
people with some experience in the field of water services 
provision and may also be of use as an educational tool for 
those who are new to the water services field. 

As mentioned, central to the Guidelines are principles of 
the requirements of the Act. The Guidelines comprise seven 
modules, representing a first step towards a comprehensive 
series of guidelines, which cover key activities of a water 
services provider being: 
• Governance 
• Management and administration 
• Finance 
• Planning 
• Projects 
• Customer relations 
• Operations. 
The seven modules deal with only three of the activities 
listed. 

The Guidelines are supported by two related but separate 
user manuals and software, i.e. the Sanitation Services Model 
(SSM) and the Water Supply Services Model (WSSM). These 
models and their associated manuals, the Water Supply Ser­
vices Model Manual and the Sanitation Services Model Manual. 
have been developed in a user-friendly format to assist water 
service authorities in financial planning of their services 
and for tariff-setting. They are written in a format that will 
eventually provide the user with a Water Services Develop­
ment Plan (WSDP). 

It is envisaged that the Guidelines and its components are 
a first step towards assisting local authorities to operate and 
function in a financially viable and sustainable manner 
which will ensure continued services to all consumers. In 
doing so they also fulfil many of the principles as set out in 
the Act. 

Cost: 
Term: 

R380 000 
1996-1997 

Development of a legal framework to provide 
for the effective management and sustainable 
utilisation of South Africa's groundwater 
resources 
(No 789) DWAF 

This project was commissioned to contribute to the South 
African Water Law Review process. Its goals included formu­
lation of a coherent national groundwater policy and devel­
opment of a broad enabling legal framework and practical 
procedures to give effect to this policy. 

The point of departure, as reflected in the final report, was 
to ascertain the problems currently being experienced in 
relation to the management and allocation of groundwater. 
This involved two stages. The first outlined the existing legal 
framework governing groundwater management in South 
Africa and highlighted some of the legal problems encoun­
tered, while the second stage dealt with practical problems 
experienced in the management of South Africa's ground-
water resources. The latter information was obtained from 
responses to questionnaires and the outcome of a workshop 
involving a range of both public and private groundwater 
managers and experts. Having ascertained the problems, the 
next step was to review international trends in groundwater 
law and management. The focus was on developing and 
examining international solutions to local problems. This 
was undertaken essentially as a desktop study and thus nec­

essarily had shortcomings. While recognising the need for 
investigating the enforceability and applicability of foreign 
legislation under South African conditions, this review of 
foreign legislation did provide a firm foundation for a local 
legal framework. 

Cost: 
Term: 

R80 400 
1997 
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Seen at a seminar on the Introduction of the WRC Management 
Guidelines for Water Service Institutions, hosted in association 
with VVISA (Institutional Affairs and Management Technical 
Division) and DWAF, held on 2 October 1998, were, from ieft: 
John Mokhele (Central District Council), BA Dandashe (Magalies 
Water) and NF Mokumo (Springs City Council) 

Speakers at the panel discussion, from ieft: Fred van Zyl, Helgaard 
Muller, Joanne Ferreira and Hendrik Best, ail from the Department 
of Water Affairs and Forestry. 



Upgrading of the Water Supply Services Model 
(WSSM) 
(No K8/294) Palmer Development Group 

a n d 

Upgrading of the Sanitation Services Model 
(SSM) 
(No K8/316) Palmer Development Group 

From a review commissioned by the WRC of institutional 
and financial facets of water-supply and sanitation services 
in the urban areas of South Africa, the invest-tariff model 
was developed with the purpose of assisting the agencies 
responsible for water supply in urban areas in the develop­
ment and evaluation of investment scenarios and tariff poli­
cy. This model was further developed and extended and 
included the sanitation aspects. This revised model has been 
tested and is widely used by a number of water services insti­
tutions. 

In the light of recent developments, it was necessary to 
upgrade this initial investment tariff model, to make it more 
user-friendly, allowing for inflation and making full use of 
the experience gained in the development and application of 
the model. The output is the Water Supply Services Model 
(WSSM) and Sanitation Services Model (SSM) software and 
associated manuals. These new models and manuals have 
been developed in a user-friendly format to assist water serv­
ices authorities in financial planning of their services. The 
models also complement the Management Guidelines for 
Water Service Institutions, providing a systematic and stan­
dard format towards developing a Water Services Develop­
ment Plan (WSDP), as required by the Water Services Act, 
Act 108 of 1997. 

The User Manuals are intended to facilitate understand­
ing and use of the WSSM and SSM. The key assumptions of 
the models are discussed, the structure and data inputs 
required are described and model results explained. 

Cost: R70 000 andRlS 300 
Term: 1998 

N e w p r o j e c t s 

Development of a tool for evaluating the effect 
of alternative funding options (with different 
risk profiles) on water tariffs 
(No 887) PAA Ramsden, Private Consultant 

Previously, funds for water supply infrastructure were pro­
vided mainly from treasury allocations. In future, however, 
government policy will be to encourage the mobilisation of 
private sector funds for the development of water supply 
projects. This policy has been confirmed with the Depart­
ment of Finance and in policy meetings with DWAF. Propos­
als to restructure the water industry to enable the greater 
use of private sector funding are already in preparation. 

The Development Bank of Southern Africa (DBS A) and 
commercial lenders have indicated their willingness to pro­
vide funding for infrastructure in future. Many local author­
ities, however, still lack the organisational capacity at this 
stage to evaluate and negotiate loans of the scale required to 
upgrade water infrastructure. The lenders are also not com­
fortable with their own ability to evaluate all the risks to 
which they may be exposed. 

The primary aim of the project is to develop a comput­
erised tool, for use by water service providers (the borrow­

ers), to evaluate alternative sources of finance. 
Each source of funds and available financial instrument 

(such as a water bond) has its own cost variability or risk 
profile, depending on parameters such as the variability of 
the interest rates, the foreign exchange component (move­
ment in exchange rates), the life of the instrument (i.e. how 
many times it must be rolled over) etc. Risk can, however, be 
managed through hedging operations such as forward cover 
on future foreign exchange transactions. Hedging opera­
tions also have cost implications. The risk profile of the 
selected financial instruments therefore translates into a sta­
tistical distribution of the cost of capital over the life of the 
project, which in turn directly impacts on the financial 
break-even tariff which is passed onto the water user. 

The proposed computerised tool will provide the decision-
maker with the capability of stochastically modelling the 
distribution of the financial outcomes, in terms of the break­
even water tariff. 

Estimated cost: R192 000 
Expected term: 1998-1999 

Financial planning and modelling for regional 
water-supply service providers 
(No 896) Palmer Development Group 

The provision of water-supply services to rural communities 
is perhaps the most important objective of the government, 
given the extent to which the service can improve the 
health, quality of life and economic opportunities of people 
in these communities. In providing such services proper 
financial arrangements are of central importance: technical 
and level-of-service decisions need to be taken in a context of 
financial constraints and the ability of the service provider 
to generate sufficient income to manage the service in the 
long term. 

The aims of the project are to: 
• Develop a model which is useful to service providers such 

as water boards and district councils 
• Promote the provision of water-supply services to 

unserved or underserved people in rural areas in a finan­
cially sustainable way 

• Develop a financial planning model which assists with 
decision-making with regard to service levels, investment, 
pricing and financing options related to water supplies 

• Apply the model to two case studies in South Africa and 
thus directly assist two organisations who are involved 
with water supply to rural areas 

• Identify factors affecting the viability of regional water 
service providers. 

Estimated cost: R144 000 
Expected term: 1998 

Improved management of assets in the water-
supply industry with regard to possible 
privatisation 
(No 897) Water Systems Research Group, University of the Witwatersrand 

Very few standardised data are available on the assets held 
by water boards, water service authorities and local govern­
ments concerning the value and condition of their technical 
assets. These assets range from pipelines and human 
resources, to purification works and water sources. In order 
to ensure continuation of the work which water authorities 
have done in the past and to enable South Africa to continue 
to receive good and reliable water at minimum cost, the doc­
umentation of the assets and methods of evaluation thereof 



are of great importance. These assets include not only histori­
cally installed capital items, but also management systems 
and planning and design methodology and teams. 

The project will investigate the necessity for asset manage­
ment in the water-supply and sanitation sector. This will 
include methods of evaluation, condition, lifespan and value 
of assets. Information technology, accounting and GIS-based 
data collection systems will be investigated. 

The intended output will be recommendations for a Nation­
al Asset Management strategy and the tools to assist local 
authorities in managing their assets. The project addresses 
some of the principles and requirements of the Water Service 
Act, Act 108 of 1997, and the draft Water Regulations. 

Estimated cost: R400 000 
Expected term: 1998-1999 

Development of a methodology to determine 
the true value of water in the Berg River basin 
(No 943) Department of Agricultural Economics, University of 
the Orange Free State 

Public policy must clearly specify the rules and processes 
according to which the reallocation of water resources is to 
be negotiated in order to reduce uncertainty in a competitive 
economic environment. Individual entrepreneurs must be 
enabled to continue creating wealth through private initia­
tive. Balanced economic growth must be achieved through a 
combination of increased productivity, reallocation of rights 
to water resources and redistribution of income. Improved 
efficiency and equity can be achieved by combining the disci­
pline of the market process with responsible governance. 

So far water management has been mainly supply-driven 
by determining the cost of providing water. No water system 
analysis has been done on the demand schedule for water and 
the value of water for current levels of consumption of differ­
ent water uses. The approach in this project is therefore three­
fold: Firstly, evaluation of the economic consequences of com­
petition for water, which involves issues of technical and 
economic feasibility, pricing of water rights and social welfare. 
Secondly, assessment of rules for improving the outcomes of 
allocation, that is, the principles and standards that guide 
policy choices. Thirdly, formulating proposals for an integrat­
ed water management system that will improve performance 
of the existing allocative mechanisms. The latter includes the 
problem of reallocation to serve changing consumer demands 
while remaining sensitive to existing lawful rights, basic 
human needs and third-party interests such as maintaining 
the ecological balance. 

The main aim is the development of methodology to deter­
mine the value of water for different uses in the Berg River 
basin, an ideal test area because of its complexity in terms of 
its high agricultural potential, alternative water uses and con­
trasting supply management options. 

The specific aims are to: 
• Quantify the impact of different supply quantities and com­

petition between different uses of water (i.e. agricultural 
and urban use) on the value of water 

• Quantify the impact of a potential water market on differ­
ent agricultural systems in the Berg River basin 

• Quantify the impact of the re-allocation of water from agri­
cultural use to urban use, in order to relieve the pressure on 
water supply for urban use and consider the possible post­
ponement of the construction of the Skuifraam Dam. 

Estimated cost: R665 000 
Expected term: 1998-2000 

Development of a framework for the intro­
duction of waste discharge charge systems 
in South African catchments 
(No 949) Stewart Scott (CE) Inc. and Development Planning and Research 

The National Water Act makes provision for a system of 
economic incentives to encourage reduction in pollution. 
Charges will be introduced for the discharge of waste into 
water bodies. Funds raised in this way will be used for 
resource quality management and protection activities. 
A current WRC project is aimed at the Development of a 
philosophy and methodology for the implementation 
of "the polluter pays" principle in the context of the 
receiving water quality objectives (No 793). This new 
project will build on the findings of this study by including 
a wider range of pollutants and focusing on implementation 
issues. The investigation of overseas charge systems revealed 
that only a few countries have developed their charges to the 
point where they form a significant deterrent to polluters. In 
designing a possible charge system for pollution reduction 
from the outset, SA is, to some extent, pioneering this type 
of instrument. 

Estimated cost: R400 000 
Expected term: 1998-1999 

Human resources needs assessment - tertiary 
level: South African water sector up to 2015 
(No 977) Department of Civil Engineering, University of the Witwatersrand 

SA is facing a major water-development task in the coming 
years. To a large extent these developments flow from the RDP 
and one of its highest priorities, namely to meet basic water 
needs. Human resources (HR) is one of the most important 
factors in the implementation of water projects. There are two 
facets to this, both of which are critical, i.e. sufficient num­
bers and appropriate skills. 

Availability of HR suitably qualified at tertiary level (univer­
sity or technikon) will determine to what extent SA will be 
able to meet the challenges of its future water developments. 
HR in adequate numbers at this level will form the basis of 
water-related research, water resource development and 
water resource management, and need to be planned for 
proactively. However, very little information is currently avail­
able on our HR requirements in the medium and long term. 

The results of the proposed investigation will be of great 
value to tertiary training institutions, allow proactive steps by 
HR developers and will hopefully stimulate the water commu­
nity at large to encourage water-related disciplines as career 
opportunities. The aims of this project include inter alia the 
following: 
• To evaluate and establish the tertiary level HR needs of the 

water sector (government, industry, education, etc.) in SA 
over a period of 15 to 20 years and longer 

• To examine the content of the current tertiary level educa­
tion in the water sector and determine what the deficiencies 
are with respect to the needs of the country 

• To propose an action plan for tertiary level education to 
ensure that HR do not become limiting to the advance­
ment, delivery and development in the water sector in the 
future. 

The project will address the important issues at the national, 
provincial and community levels, with the necessary inter-
linkages of the HR needs of industries, agriculture and other 
public or private (utility, consultancy, etc.) services. 

Estimated cost: R259 000 
Expectedterm: 1998-1999 



Incorporation of economic considerations into 
quantification, allocation and management of 
the environmental water reserve 
(No 978) Institute for Natural Resources, University of Natal 

Acknowledging that rivers are a resource, DWAF has made 
provision for a portion of the mean annual runoff of rivers 
to be reserved to sustain river systems. Instream flow assess­
ment provides a process whereby the environmental reserve 
from an ecological perspective is quantified and charac­
terised. This proposal is aimed at introducing economic cri­
teria into this process. Government is also seeking to pro­
mote efficient use of water. To this end it is moving towards a 
water allocation system in which the value of water is 
acknowledged and taken into account. Being such a scarce 
commodity one can appreciate the importance of optimising 
economic return from water use. 

The notions of an environmental water reserve and valu­
ation of water are on converging paths. Citizenry has a right 
to understand the financial implications of allocation of the 
environmental water reserve for the environment and of 
how this will be managed given the vagaries of our rainfall. 
Without this knowledge and understanding, one cannot 
anticipate responsible stewardship of the resource. 

This project, therefore, aims at evaluating the utility of a 
resource economics approach in contributing to the deter­
mination of the environmental water reserve. This will be 
achieved by: 
• The development of a framework for incorporating eco­

nomic criteria into the quantification, allocation and 
management of the environmental water reserve for 
rivers 

• The application of the framework in a case study to pro­
vide a practical example of the applicability of the 
approach 

• The enhancement of current methodologies for establish­
ing the environmental reserve through the incorporation 
of the economic value and services of water 

• An analysis of the policy implications of adopting the 
framework. 

Estimated cost: R488 000 
Expected term: 1998-1999 

Modelling the value of water as an economic 
resource in selected catchment areas in South 
Africa: 
Great Fish and Sundays Rivers 
(No 987) Department of Agricultural Economics, University of Natal 

Great Letaba River 
(No 989) Economic Project Evaluation (Pty) Ltd. 

Vaal River 
(No 990) Greengrowth Strategies CC 

The emphasis in the economic aspects of water manage­
ment in the past was on the cost of supply. Increasing com­
petition between alternative uses requires that the attention 
must now focus on the value of water for ecological, domes­
tic, irrigation, industrial and power-generation uses. Infor­
mation on water values is essential for correct investment 
and production decisions by water users and policy decisions 
by national, provincial and local governments. This will con­
tribute to efficient and equitable utilisation and allocation of 
scarce water resources. 

Apart from separate sectoral analyses in defined subre-
gions, no comprehensive comparison of the value of water 
for different uses has been undertaken in South Africa. In 
the absence of an active water-rights market and with the 
lack of a long-term database, a statistical analysis of price 
trends is at this stage inconclusive. The best option under 
these circumstances is to estimate water values through eco­
nomic modelling. Substantial progress has been made over­
seas to develop and apply models for this purpose. It involves 
generating demand schedules and deriving the value of 
water (in c/m3) for e.g. potable, irrigation and industrial 
water. These available models must be tested and applied and 
expertise must be built up amongst local researchers. 

In view of the research backlog and the unacceptability of 
generalisations regarding water values, tenders were invited 
and approved according to specified guidelines. These proj­
ects will enable the determination of the value of water in 
different catchment areas, for various combinations of 
water-use sectors, following different modelling approaches 
by a number of competent research organisations. Within 
the strategic research plan as stated in the 1997 WRC Tech­
nical Report, the objectives will be to: 
• Determine the water balance 
• Generate a demand schedule for water 
• Quantify the value of water 
• Compare the economic value with economic costs 
• Explore a variety of scenarios with changing water 

values. 

Estimated cost: R2 046 000 
Expected term: 1998-2001 



Research pro jects 

Completed 
t i K8/294 Upgrading of the Water Supply Services Model 

(WSSM) (Palmer Development Group) 

I I K8/316 Upgrading of the Sanitation Services Model (SSM) 
(Palmer Development Group) 

■ 758 Establishment of a research framework for local 
authorities and the preparation of the first part of a series of 
management guidelines for water and waste departments in 
local authorities (Palmer Development Group) 

■ 789 Development of a legal framework to provide for the 
effective management and sustainable utilisation of South 
Africa's groundwater resources (DWAF) 

978 Incorporation of economic considerations into 
quantification, allocation and management of the 
environmental water reserve (University of Natal - Institute 
for Natural Resources) 

987 Modelling the value of water as an economic resource 
in selected catchment areas of South Africa: Great Fish and 
Sundays Rivers (University of Natal - Department of 
Agricultural Economics) 

989 Modelling the value of water as an economic resource 
in selected catchment areas of South Africa: Great Letaba 
River (Economic Project Evaluation (Pty) Ltd.) 

990 Modelling the value of water as an economic resource 
in selected catchment areas of South Africa: Vaal River 
(Greengrowth Strategies CC) 
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Current 
B 512 Development of procedures for decision support in 

water resources management (University of Cape Town -
Department of Statistical Sciences) 

■ 678 Pricing water as an economic resource (Palmer 
Development Group) 

■ 790 Estimation of the residential price elasticities of demand 
for water by means of a contingent valuation approach 
(Economic Project Evaluation (Pty) Ltd.) 

H 793 Development of a philosophy and methodology for the 
implementation of "the polluter pays" principle in the 
context of receiving water quality objectives (Stewart Scott 
(CE) Inc.) 

■ 854 Review of industrial effluent tariff structures in South 
Africa and guidelines on the formulation of an equitable 
effluent tariff structure (DA Kerdachi, Private Consultant) 

■ 870 Pricing of water resources in South Africa with specific 
reference to riparian surface water (University of Natal -
Department of Agricultural Economics) 

New 
S 887 Development of a tool for evaluating the effect of 

alternative funding options (with different risk profiles on 
water tariffs) (PAA Ramsden, Private Consultant) 

M 896 Financial planning and modelling for regional water 
supply service providers (Palmer Development Group) 

B 897 Improved management of assets in the water supply 
industry with regard to possible privatisation (University of 
the Witwatersrand - Water Systems Research Group) 

8 943 Development of a methodology to determine the true 
value of water in the Berg River basin (University of the 
Orange Free State - Department of Agricultural Economics) 

H 949 Development of a framework for the introduction of 
waste discharge charge systems in South African 
catchments (Stewart Scott (CE) Inc. and Development 
Planning and Research) 

B 977 Human resources needs assessment - tertiary level: 
South African water sector up to 2015 (University of the 
Witwatersrand - Department of Civil Engineering) 

CONTACT PERSONS 

I Dr GR Backeberg (Economics) 
e-mail: backeberg@wrc.org.za 

1 Mr JN Bhagwan (Local Authority Support) 
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I Mr H Maaren (Decision Support) 
e-mail: hugo@wrc.org.za 
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HwdKiuIitcs 

■ ■ owever, scrutiny of the approximately 1 000 com­
pleted and current projects funded by the WRC since 1971 
reveals that about 70 research projects dealt with or are 
dealing with facets of hydraulics research. Furthermore, it 
may be stated without fear of contradiction that well-estab­
lished hydraulics theories and principles are wittingly or 
even unwittingly being applied in most of the balance of 
WRC-funded projects. 

The above serves the purpose to emphasise that hydraulics 
(by definition that branch of science and technology con­
cerned with the mechanics of fluids, especially liquids) 
essentially forms an integral part of just about all facets of 
water-related research. Hydraulics research, therefore, has 
been, is and will always be important to any water-related 
research. There is, in addition, also general agreement that 
South Africa has a dearth of suitably qualified experienced 
hydraulics researchers who could substantially and signifi­
cantly contribute not only to the solution of hydraulics prob­
lems, but who could also participate in multidisciplinary 
research teams as and when the need arises. 

Against this background the WRC considered it necessary 
to take steps to address the problems requiring hydraulics 
research inputs, thereby establishing a proactive approach 
in formulating what could be considered a framework for a 
master research plan. A workshop in this regard was held in 
March 1998 and paved the way for a guide aimed at assist­
ing researchers in developing research proposals concentrat­
ing on priority issues. 

Hydraulics research werkshcip 

An analysis of previous WRC involvement in this research 
field, indicated that the majority of completed hydraulics 
research projects addressed the Water Conservation con­
cern, whilst (in line with current priorities) at this stage 
more projects are addressing the Water Resource Devel­
opment, Community Water Supply, and Protection of 
the Water Environment concerns. There was general 
agreement that hydraulics research needs to contribute 
meaningfully and effectively to addressing the WRC's 

Although hydraulics featured for the first 

time as a research field in its own right 

in the WRC's 1997 Technical Report, 

the first hydraulics-related research 

project funded by the WRC dates back 

to 1975. 

national water-related concerns. Discussions at the work­
shop culminated in the formulation of the following primary 
goal of hydraulics research in South Africa: 

To acquire adequate understanding of all facets of hydraulics in 
order to develop appropriate technologies required for the solu­
tion of those problems impacting on the assessment, manage­
ment and sustainable equitable utilisation of Southern Africa's 
water resources. 

In order of priority the workshop identified the following 
secondary goals which, on achievement, would all be instru­
mental in solving those issues incorporated in the above pri­
mary goal: 
• Sediment properties, sediment transportation, sedimenta­

tion in reservoirs and dams, and desilting 
• River hydraulics with special emphasis on river morpholo­

gy and flood routing 
• Eco-hydraulics, i.e. the requirements of the natural envi­

ronment (e.g. rivers and estuaries) as far as hydraulics and 
associated issues are concerned 

• Surface and subsurface drainage especially regarding 
impacts of structures, functional requirements of these 
structures and design guidelines 

• Optimisation of storage facility design, construction and 
management, focusing on reservoirs, dams and weirs 

• Conveyance and distribution infrastructure: Economic 
and functional optimisation of canals, tunnels, pipelines, 
distribution systems, pumps and other relevant equip­
ment 

• Flow measurement in pipes, canals, tunnels and rivers: 
Construction, cost and reliability 

• Flow and pressure regulation, and associated problems 
• Hydraulic problems associated with water and wastewater 

treatment infrastructure e.g. settling tanks and filtration 
plants 

• Hydro-informatics and data processing required for inter 
alia integrated catchment management, flood manage­
ment and computational fluid mechanics 

• Hydraulic facets of beach erosion, disposal at sea sites and 
coastal engineering. 



These secondary and associated tertiary goals are currently 
being consolidated into a strategic research plan for 
hydraulics research in South Africa, which will hopefully be 
a guide, not only to the hydraulics research community, but 
also to the WRC and other funding agencies. 

C o m p l e t e d p r o j e c t s 

Development of improved flow-gauging 
structures for South African rivers 
(No 442) Sigma Beta (CE) 

This project has been executed in two phases: 
During the first phase, upgrading and standardisation of 

existing flow-gauging structures were attended to in order to 
improve the quality of runoff data. In addition, development 
of a structure requiring little maintenance and yet being 
able to provide accurate data on a sustainable basis, was also 
researched. Both these facets were reported on in the WRC's 
1994 Annual Report. 

The first phase, however, also identified the following addi­
tional research needs which were subsequently attended to 
during the second phase: 
• Calibration of larger-scale models in order to determine 

the extent of possible scale effects, especially under low-
flow conditions 

• Calibration of the sluicing flume developed during the first 
phase, when incorporated into other gauging structures 
currently in use by DWAF 

• Under conditions where the sluicing flume forms an inte­
gral part of other gauging structures, information is 
required on its performance under submerged conditions. 

Research during the second phase resulted in various rec­
ommendations regarding sluicing flume lay-outs with d/b 
ratios of 0.25, 0.5 and 1.0, and when combined with sharp 
crested weirs (d = depth of the flume: b = bottom width of 
the flume). The research confirmed these flumes' good char­
acteristics with respect to handling heavy sediment loads. It 
displayed stable calibration characteristics, unaffected by 
variations in the adjacent weirs. In the case of higher flows 
which overtop the abutment walls, the recorded water level 
is converted to a corresponding energy level in the upstream 
pool which is not seriously affected by sediment deposition in 
the pool, thereby providing for more accurate estimates 
under these conditions. Flow gauging with these flumes is 
possible up to 95% drowning. Furthermore, the flumes, 
being relatively short in comparison with previous recom­
mendations, are easy to construct, but still have stable cali­
bration characteristics. 

Cost (secondphase): R209 000 
Term (secondphase): 1995-1997 

Control of dam siltation in South Africa 
(No 580) BKS (CE) Inc. 

Dam siltation has always been and still is a serious problem 
in South Africa. 

Much has been written and done to solve the problem pro-
actively, but the end result is that the sediment production 
rates are still high and vary from 3 7 to 740 m3/km2 • year for 
the different areas in Southern Africa. Sediment production 
rates of this magnitude cause an annual decrease in the 
storage capacity of reservoirs in the different areas of 
between 0.2% and 0.9% (average for the country as a whole: 
0.52%). 

The project investigated different techniques which would 

control and manage dam siltation in South Africa. Control 
methods which have been investigated, include: 
• Allowing incoming sediment through during peak flow 

periods 
• Flushing of reservoir basins by decreasing water levels 
• Diversion of incoming flow with high sediment loads 
• External canal storage 
• Density flow 
• Sediment removal with piping 
• Dredging of silt deposits. 
The following key results have been obtained from the study: 
• An extensive field reservoir monitoring programme dur­

ing high-flow conditions and operations varying from 
storage to drawdown flushing, made it possible to estab­
lish a general sediment transport relationship through 
reservoirs for South African conditions. This relationship 
can be used in future planning of reservoir sedimentation. 

• The sediment transport through reservoirs was found to 
be significantly underestimated by any of the well-known 
sediment transport equations used internationally if such 
an equation was calibrated on flume and/or river data 
only. This explains the typical delta formation in the upper 
reaches with almost no transport into the reservoir area 
as simulated by most computer models based on such 
models. 

• A new total load sediment transport equation was derived 
based on applied unit streampower principles. This rela­
tionship was calibrated with laboratory, river and reser­
voir data and its accuracy was found comparable with 
other often used international equations. 

• Recommendations regarding water resource planning 
and development for control of reservoir sedimentation 
in selection of measures as well as guidelines for operation 
have been proposed for South African conditions based 
on international experience. 

• Environmental beneficial or adverse impacts of various 
sedimentation control measures have not been addressed 
in detail, but certain aspects have been highlighted with 
case studies. 

Cost: R736 600 
Term: 1993-1997 

Removal of floating and suspended materials 
from streams 
(No 691) Department of Civil Engineering, University of Stellenbosch 

Basically the objective of this project was to thoroughly 
analyse the designs for trash and sediment removal current­
ly available, and to investigate the various possibilities to 
improve the performance of these designs in order to provide 
local authorities with design criteria to eliminate or at least 
reduce a problem which has far-reaching environmental 
and aesthetic impacts. 

A two-pronged approach was followed during the execu­
tion of this project. One attended to trash removal and was 
reported on during 1998. The other attended to sediment 
removal, the final report on which should be available dur­
ing 1999. As far as trash removal is concerned, some of the 
results were as follows: 
• Amount of litter coming off urban catchments: This part 

of the project was a desk study which evaluated the vari­
ous approaches followed in South Africa and mainly in 
Australia and New Zealand. Although these two countries 
are the closest to the South African situation, the problem 
is still much worse here than in these two countries -
approximately two orders of magnitude worse. Based on 



observations in Springs and Johannesburg, a tentative for­
mula for calculating the total litter load in waterways is 
proposed. 

• Section 3 of the report focuses on some ways of prevent­
ing litter from getting into the drainage system in the first 
place, and then goes on to describe the ideal litter trap and 
some of the difficulties experienced in the trapping of lit­
ter. 

• A series of model studies into the optimum design of litter 
traps was conducted at the Universities of Stellenbosch 
and of Cape Town. These experiments emphasised the 
complexity of the problem since the size, shape and densi­
ty of the litter play a role in the effectiveness of litter traps. 
Further complicating factors are the fact that very often 
the behaviour of a single item changes as it moves 
through the drainage system, and the fact that the flow 
rate in channels changes continuously. During the model 
studies certain design principles were identified which 
warranted further investigation. 

i-iume constructed tor experiments reiatea to researcn on 
sediment-induced density currents (University of Pretoria). 

• Based on the above-mentioned model studies, further 
experiments were conducted, aimed at the development of 
self-cleaning structures. From the research it is concluded 
that for a litter-trapping structure to be self-cleaning, it 
has to have a thin sheet of high-velocity flow directed 
down a steeply inclined screen with a relatively small 
velocity component through the screen. Some form of 
surging flow would greatly improve the self-cleaning 
action. Screens per se should offer as little resistance as 
possible to litter sliding along their surfaces, and litter that 
does penetrate the openings of the screen, should not get 
caught on the bars. Even meeting these specifications, 
these screens still require considerable head for their oper­
ation which often is not readily available. Under these 
conditions compromises are required. 

• The problems associated with a number of in-line screens 
were analysed. The properties of the more successful 
designs in this regard are being evaluated. 

Cost (trash removal): R205 000 
Term (trash removal): 1995-1997 

N e w p r o j e c t s 

Monitoring reservoir-induced crustal 
deformation using satellite-borne 
interferometric imaging radar 
(No 910) Department of Electrical Engineering, University of Cape Town 

The usual methods used for monitoring crustal deformation 
associated with a new reservoir involve using a benchmark 
network and conventional geodetic techniques. These tech­
niques require on-site repeat measurements to be made by 
land surveyors, and furthermore, the measurements can 
only be obtained in a discrete number of positions. The ter­
rain surrounding the Katse Reservoir, and many others like 
it, is inaccessible by four-wheeled vehicle, thus making such 
surveys either difficult or expensive. 

Recent studies on Differential Interferometric Aperture 
Radar (InSAR) have shown it to be a potentially useful tool 
for precise measurement of small ground deformations over 
large areas. It has been tested successfully in various situa­
tions including areas of ground subsidence due to mining 
activities, deformation associated with earthquakes, land­
slides, and also in regions of ice movement. 

The principal purpose of this particular study will be to 
test the applicability of InSAR to the monitoring of crustal 
deformations due to the loading effects of a new reservoir. If 
successful, the results of this study will be used to infer some 
fundamental rheological and geophysical properties of the 
earth's lithosphere in the vicinity of the reservoir chosen for 
study. 

Mainly for reasons of timing, the area of the Katse Reser­
voir in Lesotho has been chosen as the test site. The 
impoundment of the reservoir, and the first filling phase 
happened to coincide with the European Space Agency's 
(ESA) tandem ERS1/2 mission which provides a unique 
opportunity for interferometric work of this nature. It also 
provides an opportunity to test the capability of InSAR to 
provide information which is of cardinal importance for 
dam safety. 

Preliminary modelling of the loading effects of the Katse 
Reservoir on the lithosphere have suggested that the vertical 
ground displacement will be in the order of 10 to 20 cm in 
the immediate vicinity of the dam, and as much as 1 mm 
50 km from the dam. For the purposes of this modelling 
exercise, various assumptions had to be made with regard to 



the physical properties of the Hthosphere in the Lesotho 
region. So. by reversing the model, and entering the delbr-
mational information, it is expected that the lithospheric 
properties such as llexural thickness will in effect be measur­
able quantities. 

As the Katse Reservoir also happens to be situated in 
mountainous terrain, this will provide a useful test for the 
generation of digital elevation models which are produced 
as a by-product of SAR interferometry. 

Estimated cost: R211000 
Expected term: 1998-1999 

Sediment-induced density current formation in 
reservoirs 
(No 911) Department of Civil Engineering, University of Pretoria 

Density currents in reservoirs form one of the means of sedi­
ment transport through a reservoir and can be utilised to 
pass high sediment loads through a reservoir, thereby limit­
ing reservoir sedimentation. It is important to know under 
which conditions a sediment-induced density current will 
form, since this will determine the mode of sediment trans­
port through the reservoir which will affect the sediment 
deposition process. Tunnel intakes (e.g. Mohale Reservoir, 
Lesotho), intakes at the dam. pump stations in the reservoir 
(e.g. Tienlontein at Welbedacht Dam) and purification plants 
can be severely affected by sedimentation. 

The main purpose of this work will be to prove the theory 
developed in WRC project No 580 Control of dam silta-
tion in South Africa, completed in 1997, for predicting the 
formation of density currents induced by sediment transport 
in reservoirs. This will be achieved by: 
• Use of data provided by various Chinese research organi­

sations 
• Use of Chinese reservoir data 
• Use of laboratory data acquired at the University of Preto­

ria with a view to confirming the wide range of applicabil­
ity of the prediction method 

• Possible modification of the theoretical assumptions 
according to the results. 

Finally, tests will be conducted to establish whether it would 
be possible to "force" density current formation in a reser­
voir. based on the new calibrated theory. Such an option 
would mean a tremendous breakthrough in the control of 
reservoir sedimentation. 

This proposal addresses one of the recommendations for 
further research made in the final report of the previous 
WRC project. Past research in RSA has elevated theoretical 
know-how on the subject of density current formation to a 
level which is the state of the art in the world today. Confir­
mation and calibration of this theory will not only solve the 
RSA's problems when modelling reservoir sedimentation 
processes, but will also make a substantial contribution to 
international research and development. 

Estimated cost: R91 000 
Expected term: 1998-1998 

Hydraulic characteristics of ecological f low 
requirement components in winter rainfall 
rivers 
(No 979) Department of Civil Engineering, University of Stellenbosch 

The ecological flow requirements of SA rivers, provided for 
in the principles of the new Water Act, have been the focus 
of three major research projects in recent years: 
• A rapid assessment approach known as the building-block 

methodology (BBM) for in-stream (low requirement (IFR) 
assessments: The ecologically important components of 
the natural flow regime in a river that ensure a thriving 
river ecology are determined by expert assessment of the 
geomorphological, hydrological, hydraulic, riparian vege­
tation. aquatic biota, water quality and human social 
needs at a few critical reaches. 

• Studying primary abiotic and biotic linkages conceptually 
for different types of rivers, using generic models to identi­
fy priority field and laboratory research, in the KNPRRP: 
The generic understanding of habitat-plant-organism 
interactions is used to derive predictive rule-based models 
for predicting biotic responses to abiotic changes. 

• Linking empirically abiotic and biotic patterns on a 
regional basis: Intensive mapping of aquatic organisms 
and plants is being overlaid with individual fine-scale clas­
sifications of geomorphological units and of flow types in 
selected river reaches. By comparing pristine reaches with 
reaches subject to varying degrees of human impact, pre­
dictive knowledge on biotic responses to abiotic changes is 
acquired. 

Due to the complexity of ecosystem dynamics, the advances 
of these projects are still subject to degrees of uncertainty. 
This project is intended to initiate research in the hydraulics 
field in winter rainfall rivers, thereby reinforcing the BBM-
IFR approach and providing detailed inputs to the biotic-abi-
otic links research. To achieve this, depth-discharge relation­
ships are needed for monitored reaches. The cobble-bed 
rivers of the winter rainfall area have energy losses which 
are not friction-dominated, but transition-dominated. No 
practicable methodology exists for the calculation of flow 
depths in these streams. 

This project, therefore, aims to: 
• Determine regional patterns in hydraulic characteristics 

of the individual components of ecological flow require­
ments in rivers of the winter rainfall region 

• Derive a universally applicable methodology to calculate 
energy losses in streamflow in cobble-bed rivers of the 
winter rainfall region in order to determine stage-dis­
charge relationships 

• Determine the hydraulic characteristics of winter rainfall 
region monitoring sites used in the WRC project on biotic-
abiotic links conducted by the Freshwater Research Unit 
of the University of Cape Town. 

Estimated cost: R450 000 
Expected term: 1998-2000 

Measurement of high flows in rivers 
(No 980) Sigma Beta (CE) 

In a previous project, entitled Development of improved 
flow-gauging structures for South African rivers (No 
442), this research team concentrated on the upgrading of 
existing gauging stations and standardisation thereof, and 
the development of a gauging structure which requires min­
imum maintenance but ensures flow gauging of adequate 
accuracy. The results of this project (published in two 
reports) were well received by DWAF and implemented. 

Subsequent to the publication of these reports, the Direc­
torate of Hydrology of DWAF identified further research 
needs as far as flow gauging is concerned, especially regard­
ing the performance of compound weirs under submerged 
conditions. Accuracies attainable by applying complex cali­
bration theories to these structures when experiencing sub­
merged conditions, are largely unknown. In a number of 
cases the Directorate of Hydrology compared theoretical cal-
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ibrations with actual flow measurements or hydraulic mod­
els and these comparisons quite often indicated inaccuracies 
of up to approximately 20%. This procedure, however, is 
very time-consuming. 

Accurate measurement of high flows is necessary not 
only as far as flood peak statistics are concerned, but also for 
water resources analyses. Large percentages of total runoff 
are often discharged during floods of short duration, and 
then it is imperative to measure not only the peaks of the 
floods as accurately as possible, but also their volumes. This 
project, therefore, aims to develop guidelines on how to 
improve the accuracy of high flow measurement by means 
of compound gauging structures, especially under sub­
merged conditions. 

Estimated cost: 
Expected term: 

R460 000 
1998-1999 

Development of a stochastic technique for the 
optimisation of pipe and reservoir systems 
(No 985) Department of Civil and Urban Engineering, Rand 
Afrikaans University 

Stochastic analysis of systems is a technique that has been 
applied with great success in numerous fields, including 
water supply. The technique which has been developed at 
the Rand Afrikaans University over the last few years, how­
ever, is unique and has been recognised internationally at 
conferences and in journals. It has also been recognised as 
one of two important South African "emerging technolo­
gies" in the water field by the International Water Supply 
Association. 

The main advantage of the technique is that it is possible 
to link the risk of a bulk water supply system failing to the 
cost of the system. This means that if the acceptable risk of 
system failure is known, as is the case with design guidelines 
for developing communities, the optimum reservoir capacity 
might be determined using the stochastic technique. Experi­
ence with the technique has shown that in many cases the 
"48 h of annual average daily demand"-rule, specified in the 
"Red Book" for the sizing of reservoirs, results in over-esti­
mation (with resulting over-spending) of the required reser­
voir capacity. 

The aims of the study are as follows: 
■ To compile a comprehensive report on the state of knowl­

edge regarding stochastic analyses of water supply sys­
tems and reservoir optimisation techniques. 

• To develop an algorithm to use stochastic analysis tech­
niques for the optimal design of pipe and reservoir sys­
tems. It is specifically aimed at optimising the bulk 
pipeline(s) from the water source to the storage reservoir, 
including the reservoir itself. 

The algorithm is to have as optimisation variables the pipe 
diameter, pipe configuration and reservoir capacity. The goal 
of the algorithm will be to find the best combination of opti­
misation variable values to provide water to a given level of 
reliability. The technique will provide engineers with a tool 
for the analysis and optimal design of bulk water supply sys­
tems and provide the following benefits: 
• Ensure that bulk infrastructure is supplied at the lowest 

possible cost by linking the risk of failure of the system to 
the reservoir capacity and pipe configuration 

• Ensure that money is not spent unnecessarily on the 
upgrading of bulk water supply systems. 

R e s e a r c h p r o j e c t s 

Completed 
S 442 Development of improved flow-gauging structures for 

South African rivers (Sigma Beta (CE)) 

■ 580 Control of dam siltation in South Africa (BKS (CE) Inc.) 

■ 691 Removal of floating and suspended materials from 
streams (University of Stellenbosch - Department of Civil 
Engineering) 

Current 
■ 433 Engineering properties of important Southern African 

rock types with special reference to the shearing strength 
of concrete dam wall foundations (Technikon Pretoria -
School for Civil Engineering) 

■ 502 Plunge pool scour reproduction in hydraulic models 
(CSIR - Division of Water, Environment and Forestry 
Technology) 

B 643 Development of rigorous engineering methodology 
for designing vegetable erosion protection systems: 
Phase2(SRK(CE)lnc.) 

11 757 Development of a model for the optimisation of the 
pumping and design policies of reservoir systems (University 
of the Witwatersrand - Water Systems Research Group) 

l i 803 Development of a standardised approach to evaluate 
burst and background losses in water distribution systems 
in South Africa (BKS (CE) Inc.) 

New 
■ 910 Monitoring reservoir-induced crustal deformation using 

satellite-borne interferometric imaging radar (University of 
Cape Town - Department of Electrical Engineering) 

■ 911 Sediment-induced density current formation in 
reservoirs (University of Pretoria - Department of Civil 
Engineering) 

■ 979 Hydraulic characteristics of ecological flow requirement 
components in winter rainfall rivers (University of 
Stellenbosch - Department of Civil Engineering) 

B 980 Measurement of high flows in rivers (Sigma Beta (CE)) 

■ 985 Development of a stochastic technique for the 
optimisation of pipe and reservoir systems (Rand Afrikaans 
University - Department of Civil and Urban Engineering) 

Estimated cost: 
Expected term: 

R82 700 
1998-1999 

CONTACT PERSONS 

: Mr DS van der Merwe (Hydraulics) 
e-mail: david@wrc.org.za 
Mr H Maaren (Sedimentation) 
e-mail: hugo@wrc.org.za 

L: Mr J Bhagwan (Reservoir and Distribution Systems) 
e-mail: jbhagwan@wrc.org.za 

3 (012)330-0340 
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WATERLIT 

During the past 2 3 years WATERLIT has built up an excel­
lent reputation as a bibliographic database of high standard, 
especially with its coverage of African (and South African) 
publications. 

1998 was a special year for WATERLIT. On 1 April 1998, 
free Internet access to the database became available to all 
South African residents. The response exceeded all expecta­
tion, with people from all walks of life registering as users. 

The existing contract with SilverPlatter Information, to 
publish WATERLIT on CD-ROM will not be renewed after 
November 1998. However, NISC will continue to publish the 
database as part of their Water Resources Worldwide CD-ROM 
product. Since April 1998, Sabinet Online (Pty) Ltd., the 
local on-line information provider, has added WATERLIT to 
their total database package offered to subscribers. 

During the past year WATERLIT continued to grow at an 
average rate of 1 500 items per month. The total number of 
references included in the database now exceeds 300 000, 
covering more than 550 journals as well as conference pro­
ceedings, reports and other publications. 

With the growing importance of the Internet as medium 
for information packaging and retrieval, the future of 
WATERLIT needs to be planned carefully. The unique infor­
mation needs and demands of the local water research com­
munity will at all times be the most important factor deter­
mining the future of the database. 

Comput ing Centre f o r Wate r 
Research fCCWR) 

The Computing Centre for Water Research (CCWR) was 
established jointly by the WRC, IBM South Africa and the 
University of Natal in 1986 and has been supported by the 
WRC since that time. The WRC views the CCWR as a strate­
gic initiative to support four key elements of the WRC's over­
all strategy which is: 
• To promote co-ordination, communication and co-opera­

tion in the field of water research 
• To establish water research needs and priorities 
• To fund water research on a priority basis 
• To promote effective transfer of information and techno­

logical knowledge. 
These strategic actions support and simultaneously depend 
on one of the key principles of the new Water Act, namely, 
integrated catchment management. The WRC's establish­
ment and continued support of the CCWR is an embodiment 
of the WRC's belief that integrated science is an essential 
foundation for integrated catchment management. 

South Africa has a number of world-class water scientists 
and their supporting groups. However, they are separated 
geographically, organisationally and in terms of their disci­
plines. This separation has both advantages and disadvan­
tages for these experts need to specialise but at the same time 
they also need to integrate their highly complex, multi-
faceted and interdependent fields of water science. The 
CCWR's activities are one of the many actions which the 

WRC supports in order to creatively and cost-effectively min­
imise the disadvantages and maximise the advantages. The 
incredible growth in wide-area computer networking tech­
nology has enabled the WRC to create a virtual centre, in the 
CCWR, where intellect from throughout Southern Africa 
and indeed the world can interact to co-create new perspec­
tives which in turn lead to more effective actions. 

Effective actions are certainly required in the manage­
ment of water issues in Southern Africa. Fully 70% of the 
land area in the Southern African Development Community 
(SADC) is comprised of shared river basins. There is thus a 
need to broaden participation and thereby democratise the 
process of integrated catchment management for sustain­
able water resources development. This need is fundamental 
to peaceful, holistic and equitable progress in Southern 
Africa, a region so racked with conflict and riven with 
inequalities which exacerbate the already complex situation 
surrounding the sustainable development of scarce water 
resources. 

The CCWR's small staff of six professionals serves the on­
line, medium- and long-term needs of 332 registered users 
who are based at no fewer than 119 departments within 77 
institutions including 19 overseas institutions in the USA, 
Britain, Germany, Australia and New Zealand. A further 
breakdown of users reveals approximately 61% from univer­
sities, 16% from state or parastatal institutions, 17% from 
private consulting firms and 6% from what could be termed 
direct stakeholders in water issues. 

These users are working on every conceivable aspect of 
water. The CCWR strives to work in a complementary and 
facilitary relationship with all the WRC funded research 
which potentially requires collaborative computing. The 
CCWR has made particularly good progress this past year in 
developing technology and processes to support the imple­
mentation of the new Water Act. 

N e w p r o j e c t 

An archiving system for research projects 
on crop water-use systems 
(No 912) NB Systems 

It is expected by the WRC that potentially useful data sets 
originating from a research project are suitably archived for 
future use at the end of the project. This has in many cases 
proven to be somewhat unsuccessful when data sets are kept 
by the original researchers in a form which cannot be readi­
ly accessed by other interested researchers. Many become 
inaccessible in this way and it is at best a very time-consum­
ing process for a researcher to get hold of such products of 
previous WRC projects. 

A centralised database located at either the WRC or 
CCWR, that is accessible to all researchers, should solve this 
problem. In order to investigate the feasibility of such an 
approach, a pilot project initially focusing on bringing 
together, under a common umbrella, all data sets resulting 
from research into crop water-use systems including 
forestry, should be undertaken. 

The detailed aims of this project will be: 
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To develop a database that can be used by WRC 
researchers to archive potentially useful data sets pro­
duced during the course of WRC projects 
To ensure that the database has the following capabilities: 
- Runs on the Windows 9 5 or higher operating system 
- Runs on a single PC 
- Runs in a client/server environment 
- Handles large amounts of data 
- Easily uploads and downloads data sets 
- Comprises extensive querying facilities for retrieving 

data from the database. 
To implement a master database at a site specified by 
the WRC where all research results will be kept 
To investigate the possibility of using the Internet to 
query and/or download results from the master database 
Depending on the outcome of the previous point, to 
implement a query-and-download facility through the 
Internet. 

Estimated cost: 
Expected term: 

R142 000 
1998 

Research pro jects 

Current 
K 6/1 Ongoing development and maintenance of the 
WATERLIT bibliographic database (CSIR - Division of 
Information and Communications Technology) 

K 6/3 Computing Centre for Water Research (University 
of Natal - CCWR) 

735 Promotion of the Internet as a source of information 
on water and sanitation (University of Natal - Department 
of Chemical Engineering) 

843 Implementation of appropriate information 
technologies for the WRC, for the more effective transfer 
of research results. Phase 3 (CSIR - Division of Information 
and Communications Technology) 

New 
912 An archiving system for research projects on crop 
water-use systems (NB Systems) 

CONTACT PERSONS 

I I Mr H Maaren 
e-mail: hugo@wrc.org.za 

IS Mrs MM Pretorius 
e-mail: mpretorius@wrc.org.za 

B Ms F Myburgh 
e-mail: fmyburgh@wrc.org.za  

I I Ms J Shelwell 
e-mail: jshelwell@wrc.org.za 

"B (012)330-0340 

mailto:hugo@wrc.org.za
mailto:mpretorius@wrc.org.za
mailto:fmyburgh@wrc.org.za
mailto:jshelwell@wrc.org.za


he promotion of information and technology transfer 
is one of the most important objectives of the WRC. This is 
very clearly defined in the Water Research Act. namely to 
"accumulate, assimilate and disseminate knowledge in 
regard to the results of such research and the application 
thereof, and promote development work for the purpose of 
such application". 

For the promotion of its programme of information and 
technology transfer, the WRC has developed a number of 
activities, to which has now been added the Information 
Services (IS) group, located at the WRC. Although some of 
these activities are directed at the transfer of information, 
the emphasis falls mainly on technology transfer, i.e. the 
application of research results, since this will always repre­
sent the final dividend of the research investment. 

Information Serwices (IS) 

During the past year, the IS group succeeded in marketing 
the aims, activities and products of the WRC through the 
Internet. The organisation's web page was redesigned to 
become more user-friendly and several new features were 
added. Titles of project research reports which were pub­
lished on the Internet, resulted in a substantial increase in 
requests for copies of these reports. Working with an outside 
consultant, the IS group also launched the first version of 
an electronic project proposal submission system on the 
Internet. 

The water-related research projects database was 
redesigned and updated and made available for free access 
on the Internet. Together with the Guidebook for Project 
Leaders and the Strategic Master Plans (focusing the research 
requirements in all water-related fields), the database 
provides strategic assistance and support to all water 
researchers in the country. In January 1998, the IS group 
took over the responsibility of managing the WRC's 
computer network. A strategy for managing hardware 
and software demands in the organisation has been 
developed and implemented. 

New web address: http://www.wrc.org.za 

Partnership research 

Partnership research is regarded as a very effective method 
of enhancing technology transfer. The partnership principle 
is incorporated, as far as possible, in research projects, and 
means that the end user of the results participates in the 
planning and execution of the research. 

Publications 

The WRC's publications cater for three levels, viz. pure 
scientific, popular scientific and practical scientific. 

SA Waterbulletin 

SA Waterbulletin is a bilingual bi-monthly periodical. 
Within the broad spectrum of water research it aims to: 
• Furnish information on water and water research in a 

popular scientific manner to the different interest groups 
in the water field 

• Promote the transfer of technology by announcing 
the availability of reports, manuals, guides etc. which 
emanate from water research 

• Promote communication between the WRC and authori­
ties and individuals, such as researchers, engineers, tech­
nicians, government departments, local authorities and 
the industrial and agricultural sectors 

• Convey social news and matters of interest (e.g. about 
conferences and personalities) to the water research 
community. 

Wafer SA 

Water SA is the WRC's scientific journal which contains 
original research articles and review articles on all aspects 
of water science, technology and engineering. The journal 
appears quarterly and the first edition was launched in 
April 1975. 

Water SA has a strict refereeing system whereby all arti­
cles submitted for publication are first referred to referees. 
whereafter a decision is taken on publication. In 1998 
51 articles were published in Water SA of which 15 were 
from overseas authors, i.e. almost 30%, and 135 authors 
were involved (See Table 1 on following page). 

Water SA has an extensive local as well as overseas reader­
ship. It also enjoys world-wide coverage in the sense that it is 
covered by more than 20 international abstracting services 
who publish and distribute summaries of articles which 
appear in Water SA. 

Manuals, guidelines and reports 

At the conclusion of a project, and also while research is still 
under way, results are evaluated in respect of possible use 
and application and depending on the nature of the results a 
decision is taken on publication, dissemination and applica­
tion thereof. More information on these publications appears 
in the relevant chapters and in the Annexure. 

List of Commission publications 

The Annexure to this annual report contains a list of publi­
cations (articles, papers and published reports) which 
appeared during 1998 and which emanated from research 
supported wholly or in part by the WRC. 

http://www.wrc.org.za


Conferences? seniinai's, workshops 
and demonstrations 

From time to time the WRC, on its own or in co-operation 
with other organisations, arranges such meetings. These 
afford ideal opportunities for promoting personal contact 
between research scientists or between research scientists 
and the users of research results. In this way the transfer of 
information and technology is greatly enhanced. More infor­
mation on meetings held during the year is contained in the 
individual chapters. 

Mass media 

In this regard the accent falls on information transfer and 
press releases; radio and television are used to this end. 

Util isation of owerseas expertise 

It is in the national interest that overseas expertise and 
knowledge be used where these are not available locally, and 
the WRC has developed various methods to achieve this. 
Overseas specialists, for example, are engaged as consultants 
and the WRC from time to time sends personnel and other 
experts overseas in order to obtain information on a particu­
lar problem area. More information in this regard appears in 
the individual chapters. 

"foible i 

Commercialisation 

In the future the WRC will focus increasingly on a further 
aspect of technology transfer, which is in progress already, 
viz. the commercialisation of research results by e.g. the pri­
vate sector. The patenting of research results and the sale of 
publications and computer programs would be classified as 
such. In this way the WRC earns royalties, locally as well as 
abroad. 

CONTACT PERSONS 
Mrs MM Pretorius 
e-mail: mpretor.ius@wrc.org.za 
Ms F Myburgh 
e-mail: fmyburgh@wrc.org.za 
Ms J Shelwell 
e-mail: jshelwell@wrc.org.za 
Mr A du Toit 
e-mail: arno@wrc.org.za 
Mrs IG Buchan (Editor: Water SA) 
e-mail: ingrid@wrc.org.za 
Mrs HAJ van Rensburg (Assistant Editor: Water SA) 
e-mail: drinie@wrc.org.za 
Mr JP du Plessis (Editor: SA Waterbulletin) 
e-mail: jan@wrc.org.za 
Ms HS Joubert (Assistant Editor: SA Waterbulletin) 
e-mail: helene@wrc.org.za 
Ms CA Human (Editorial Secretary: Water SA and 
SA Waterbulletin) 
e-mail: rina@wrc.org.za 

•S (012)330-0340 

Articles (51) published in Water SA in 1998: Breakdown of author nationalities and affiliation 

Universities 5 ° Technikons # E£ Water 
Boards 

I ? S 

I I I 
n 
c 

r n o c 
3 

Overseas 

Potchefstroom University for CHE: 1 

Rand Afrikaans University: 5 

Rhodes University: 8 

University of Cape Town: 1 

University of Durban-Wcstville: 3 

University of Tort. Hare: 3 

University of Natal: 5 

University of Port Elizabeth: 2 

University of Pretoria: 11 

University of Stellenbosch: 5 

University of the North: 2 

University of the OFS: 4 

University of the Western Cape: 1 

University of the Witwatersrand: 8 

Natal: 9 

Pretoria: 2 

Rand: 5 

Umgcni: 3 

Argentina: 2 

Australia: 1 

Austria: 1 

Brazil: 6 

Canada: 3 

England: 5 

Finland: 2 

France: 1 

Spain: 12 

Sweden: 1 

Taiwan: 2 

Ukraine: 1 

Zimbabwe: 1 

59 11 38 
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Annexure 

Publications emanating from research financed wholly or partially by the WRC 

Th is Annexu re conta ins a l i s t o f pub l i ca t ions released in 1998, 
as w e l l as a comp lementa ry l i s t o f 1997. 

Requests for articles and papers should be directed to the authors. 

Oevelopinsp commun i t i es 

Articles and papers (1998) 
• Bility K (1998) Starting young: Training primary school 

scholars in hygiene and sanitation. Paper presented at the 9"' 
ITN Afr. Conf.. Pretoria. 1-4 December. 

• Bility K. Engle D and Shine R (1998) School health priorities 
in South Africa: Outcomes of an intervention project - Water 
hygiene, sanitation practices. Paper presented at 72'"' Annu. Am. 
School Health Assoc. Natl. Conf., Colorado Springs, Colorado, 
USA. 7-11 October. 

• Botma KL and Grabow WOK (1998) Modification of cell culture 
sensitivity for the detection of enteric viruses. Paper presented 
at Virol. Congr. of South. Air., Breakwater Lodge, Cape Town. 
27-30 October. 

• Clay C, Vivier C, Erasmus D. Webber L and Taylor M (19 9 8) 
The value of enteroviral RT-PCR in the diagnosis of acute viral 
central nervous system disease. Paper presented at Annu. 
Congr. of the Fed. of S. Afr. Soc. of Pathol, Univ. of Pretoria. 
28 June- 1 July. 

• Grabow WOK (1998) We and viruses on the road ahead : 
Opportunities and challenges for both. Invited HW Snyman 
Memorial Lecture, Faculty Day. Faculty of Medicine, Univ. of 
Pretoria. 25-26 August. 

• Grabow WOK, Botma KL, De Villiers JC, Clay CG and Rautenbach 
PGD (1998) An assessment of cell culture and PCR procedures 
for the detection of polio viruses in waste water. Poster 
presentation at Virol. Congr. of South. Air., Breakwater Lodge, 
Cape Town. 27-30 October. 

• Grabow WOK. De Villiers JC, Clay CG, Erasmus B and Botma KL 
(1998) An evaluation of cell culture and PCR procedures for the 
detection of polio viruses in waste water. Paper presented at Int. 
Symp. on Health-Related Water Microbiol, IAWQ Bienn. Conf., 
Trade and Conv. Centre. Vancouver, Canada. 21-26 June. 

• Grabow WOK, Vivier JC, Clay CG and Webber LM (1998) 
Detection of the hepatitis E virus in serum and stool specimens 
of South African patients. Paper presented at Virol. Congr. of 
South. Afr., Breakwater Lodge, Cape Town. 27-30 October. 

• Jarmey-Swan C. Macario AJL, Bailey IW and Howgrave-Graham 
AR (1998) Preparation of kits for the detection of 
Cryptosporidium and Giardia in water supplies of developing 
countries. Paper presented at WISA Bienn. Conf., Cape Town. 
4-7 May. 

• Jarmey-Swan C, Macario AJL. Bayley IW and Howgrave-Graham 
AR (1998) A simple and economic slide immunoenzymatic 
assay (SIA) for detection of Cryptosporidium and Giardia in water 
supplies of developing communities. In: I'roc. IAWQ Health-
Related Water Microbiol 10 24-31. 

• Kibata N, Buckley CA and Otieno FAO (19 9 8) Can the Internet 
be a useful tool for enhancing effective delivery of services in 
water and sanitation sectors of developing countries? Paper 
presented at WISA 98 Bienn. Conf. and Exhib., Cape Town. 
4-7 May. 

• Marx FE. Taylor MB and Grabow WOK (1998) The application 
of a reverse transcriptase-polymerase chain reaction-
oligonucleotide probe assay for the detection of human 
astroviruses in environmental water. Water Res. 32 2147-2153. 

• Marx FE, Taylor MB and Grabow WOK (1998) The prevalence 
of human astrovirus and enteric adenovirus infection in South 
African patients with gastroenteritis. South. Afr. J. of Epidemiol. 
and Infection 13 5-9. 

• Retief J, Webber LM, Vivier C, Davel G and Grabow WOK (1998) 
Acute hepatitis E: A case study. Paper presented at Annu. Congr. 
of the Fed. of S. Afr. Soc. of Pathol., Univ. of Pretoria. 
28 June- 1 July. 

• Swarlz CD and Knott M (1998) Upgrading needs of existing 
rural water treatment plants in South Africa. Paper presented 
at WISA Bienn. Conf.. Cape Town. 4-7 May. 

• Taylor M (1998) Viruses in Aquacise: Is there cause for concern? 
Paper presented at Natl. Conv. of SA Water Fitness Assoc, 
Boksburg North Indoor Pool, Boksburg. 24-27 September. 

• Taylor MB, Cox N, Vrey A and Grabow WOK (1998) Detection 
of hepatitis A and astroviruses in river and dam water. Poster 
presentation at Virol. Congr. of South. Afr., Breakwater Lodge, 
Cape Town. 27-30 October. 

• Uys M. Clay CG and Grabow WOK (1998) Molecular 
characterisation of F-RNA coliphages in South Africa. Paper 
presented at Faculty Day, Faculty of Medicine, Univ. of Pretoria. 
25-26 August. 

Articles and papers (1997) 
• Bility K, Burkhalter S, Shaker A, Ahmed N, Onya H and 

Masinyana N (1997) Rethinking school sanitation and hygiene 
education curriculum in rural and peri-urban communities in 
South Africa. Urbanization and Health Newsletter 32 
(March) 15-28. 
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• Kibata N (1997) Water and sanitation in developing countries: 
Internet based information provision. Paper presented at 19"' 
Annu. Symp. on Computers in Eng. titled Community 
Empowerment through TechnoL. Mafikeng. 26 September. 

• Swartz CD (19 9 7) Essential elements of sustainable small water 
treatment systems. Paper presented at a WRC TechnoL Transfer 
and Strategic Planning Session for Res. on Potable Water 
Treatment in S. Afr., St George Hotel, Pretoria. 20-30 October. 

Reports (1998) 
• Bernhardt Dunstan and Associates (1998) Evaluation of On-Site 

Sanitation from a Socio-Economic Perspective. WRC Report 
No KV 114/98. 

• Bernhardt Dunstan and Associates (1998) Handbook to Guide 
Communities in the Choice of Sanitation Systems. WRC Report 
No TT 104/98. 

• Dreyer L (1998) The Dynamics of Community Non-Compliance 
With Basic Water Supply Projects. WRC Report NoTT 93/98. 

• Du Pisani JE (19 9 8) Operation and Maintenance of Solids-Free 
Sewer (SFS) Systems in South Africa: Guidelines for Engineers. 
WRC Report No TT 97/98. 

• Du Pisani JE (1998) Solids-Free Sewer Systems in South Africa: 
A Community Leader's Guide. WRC Report No TT 96/98. 

• Du Pisani JE (1998) The Operation and Maintenance of Settled 
Sewerage (SS) Systems in South Africa. WRC Report No 
708/1/98. 

• Hazelton D and Kondlo S (1998) Cost Recovery for Water 
Schemes to Developing Urban Communities: A Comparison 
of Different Approaches in the Umgeni Water Planning Area. 
WRC Report No 521/1/98. 

• Palmer Development Group (1998) Management Guidelines 
for Water Service Institutions (Urban): Introduction to Water 
Services Management in South Africa's Urban Areas. WRC 
Report NoTT 98/98. 

• Palmer Development Group (1998) Sanitation Services Model 
Manual. WRC Report No KV 111/98. 

• Palmer Development Group (1998) Water Supply Services 
Model: Case Study of King William's Town. WRC Report 
No KV 110/98. 

• Palmer Development Group (1998) Water Supply Services 
Model Manual. WRC Report No KV 109/98. 

• Pearson I and Idema G (19 9 8) An Assessment of Common 
Problems Associated with Drinking Water Disinfection in the 
Developing Areas. WRC Report No 649/1/98. 

• Pillay VL (1998) Development of a Crossflow Microfilter for 
Rural Water Supply. WRC Report No 386/1/98. 

• Sami K and Murray EC (1998) Guidelines for the Evaluation of 
Water Resources for Rural Development with an Emphasis on 
Groundwater. WRC Report No 677/1/98. 

• Stasikowski AW and Van Rensburg P (19 9 8) Low-Cost Air-Lift 
Groundwater Pump Developed for Use in Rural Settlements. 
WRC Report No 876/1/98. 

• Stewart Scott Inc. (1998) An Evaluation of the Enviro Loo 
Composting Latrine in an Informal Settlement Area in Greater 
Johannesburg. WRC Report No KV 112/98. 

Report (1997) 
• Schoeman G, De Waal D and De Bruyn M (1997) Field Guide: 

Participatory Development Management (PDM) - An Integrated 
and Empowering Development Approach. WRC Report 
NoTT 88/97. 

Potab le w a t e r supp ly 

Articles and papers (1998) 
• Cloete V, De Villiers D, Engelbrecht WJ and Wessels GFS (1998) 

Photocatalytic breakdown of humic substances in drinking 
water - An analytical method for the determination of chloro­
form. Paper presented at Int. Conf. on Environ. Manage, in 
S. Afr. (CEMSA), East London. February. 

• De Villiers D, Stockenstrom S, Engelbrecht WJ, Shephard GS, 
Sydenham EW and Wessels GFS (1998) Novel reactor designs 
for the photocatalytic destruction of cyanobacterial microcystins 
in water. Paper presented at Int. Conf. on Environ. Manage, in 
S. Afr. (CEMSA), East London. February. 

• De Villiers D, Stockenstrom S, Engelbrecht WJ, Shephard GS, 
Sydenham EW, Wessels GFS, Thiel PG and Van Niekerk L (1998) 
Novel photocatalytic reactors for water treatment. Paper 
presented at WISA Bienn. Conf., Cape Town. 4-7 May. 

• Konig EH, Van der Merwe IW and Wadley S (1998) Ultra-
filtration as a treatment process in water reclamation at 
Windhoek. Paper presented at WISA 98 Bienn. Conf. and Exhib., 
Cape Town. 4-7 May. 

• Naicker S, Pillay B and Pillay D (19 9 8) Detection of bacterial 
pathogens in untreated water supplies in informal settlements. 
Paper presented at Int. Conf. for Integrated Environ. Manage. 
in S. Afr. (CEMSA '98), East London. February. 

• Naicker S, Pillay B and Pillay D (1998) Potential virulence of 
VBNC bacteria in water. Paper presented at 10"1 Bienn. Congr. 
for the S. Afr. Soc. of Microbiol, Durban. 

• Reddy CD and Buckley CA (19 9 8) The potential use of slow sand 
filtration for the production of potable water. Paper presented at 
WISA 98 Bienn. Conf. and Exhib., Cape Town. 4-7 May. 

• Shephard GS, Stockenstrom S, De Villiers D, Engelbrecht WJ, 
Sydenham EW, Thiel PG and Wessels GFS (1998) Photocatalytic 
degradation of cyanobacterial microcystin toxins in water. Paper 
presented at WISA Bienn. Conf., Cape Town. 4-7 May. Also 
presented at Analitika'98, Midrand. October. 

• Stockenstrom S, De Villiers D, Engelbrecht WJ, Shephard GS, 
Sydenham EW, Thiel PG and Wessels GFS (1998) Photocatalytic 
decomposition of microcystins in water. In: Miraglia M, Van 
Egmond H, Brera C and Gilbert J (eds.) Mycotoxins and Phyco-
toxins - Developments in Chemistry, Toxicology and Food Safety. 
USA. 

Reports (1998) 
• Barta B and Rowse N (1998) Capital Cost Optimisation of 

Pumping and Reservoir System Design. WRC Report 
No 757/2/98. 

• Botha J en Pretorius WA (1998) Die Uitvoerbaarheid van 
Dubbelwatervoorsieningstelsels. WNK Verslagno KV 113/98. 

• Brits AG, Geldenhuys JC, Kok AM and Baxter DA (1998) The 
Effect of Water Quality and Chemical Composition on the 
Corrosion of Mild Steel Pipelines. WRC Report No 259/1/98. 



• Department of Water Affairs and Forestry, Department of Health 
and Water Research Commission (1998) Quality of Domestic 
Water Supplies. Volume I: Assessment Guide. WRC Report 
No TT 101/98. 

• Grabow WOK, Frey A, Uys M and De Villiers JC (19 9 8) 
Evaluation of the Application of Bacteriophages as Indicators 
of Water Quality. WRC Report No 540/1/98. 

• Grabow WOK, Taylor MB and Wolfaardt M (19 9 8) Research 
on Human Viruses in Diffuse Effluents and Related Water 
Environments. WRC Report No 496/1/98. 

• Graham PM, Dickens CWS and Mbowa S (19 9 8) Modelling the 
Water Quality in Impoundments Within the Umgeni Water 
Operational Area and the Consequences for Potable Water 
Treatment Costs. WRC Report No 615/1 /98. 

• Mackintosch GS, De Villiers HA, Du Plessis GJ, Loewenthal RE 
and Kornmiiller U (1998) Stabilisation of Soft Acidic Waters 
with Limestone. WRC Report No 613/1/98. 

• Manson NJ (19 9 8) Reservoir System Operational Optimisation. 
WRC Report No 757/1/98. 

• PryorMJ and Freese SD (1998) Enhanced Coagulation for the 
Removal of Disinfection By-Product Precursors. WRC Report 
No TT 105/98. 

• Pryor MJ and Mullan DJ (1998) The Development of an Exxpress 
Unit for the Dewatering of Waterworks Sludges and the 
Production of Potable Water. WRC Report No 568/1/98. 

• Stewart Scott Inc. (1998) In-Situ Calibration of Large Water 
Meters. WRC Report No 871/1/98. 

• Swartz CD and De Villiers HA (1998) Guidelines for the Treat­
ment of Cape Coloured Waters. WRC Report No 534/1/98. 

Reports (1997) 
• De Vallier W (19 9 7) Unaccounted-For Water: Guidelines for 

the Formulation of a Policy and Implementation of Practical 
Methods for the Control Thereof. WRC Report No 489/2/97. 

• Mather AJ (19 9 7) Balancing Tank Control Application. WRC 
Report No. 621/1/97. 

Theses 
• Reddy CM (1998) The Potential Use of Slow Sand Filtration for 

the Production of Potable Water. M.Sc.(Eng.) Thesis, Univ. of 
Cape Town. 

• Van der Merwe L (19 9 7) The Qualitative and Quantitative 
Evaluation of Oestrogen and Oestrogen-Mimicking Substances 
in the South African Water Environment. M.Sc. Thesis, 
Potchefstroom Univ. for CHE. 

Mun ic ipa l w a s t e w a t e r management 

Articles and papers (1998) 
• Atkinson BW, Bux F and Kasan HC (1998) Considerations 

for application of biosorption technology to remediate metal 
contaminated industrial effluents. Water SA 24 (2) 129-135. 

• Atkinson BW, Bux F and Kasan HC (1998) The contribution 
of Acinetobacter spp. and other poly-P organisms to biological 
phosphorus removal operation. Poster presentation at WISA 
Bienn. Conf., Cape Town. 4-7 May. 

• Atkinson BW, Kasan HC and Bux F (19 9 8) Waste activated 
sludge remediation of metal plating effluents. Water SA 24 (4) 
355-366. 

• Brouckaert CJ and Buckley CA (1998) The use of computational 
fluid dynamics for improving the design and operation of water 
and wastewater treatment plants. Paper presented at IAWQ 2'"' 
Int. Conf. on Advanced Waste water Treatment, Recycling and 
Reuse, Milan, Italy. 14-16 September. 

• Brouckaert CJ, Fortmann NE and Buckley CA (19 9 8) A 
computational fluid dynamics investigation of a secondary 
clarifier. Poster presentation at WISA 98 Bienn. Conf. and Exhib.. 
Cape Town. 4-7 May. 

• Bux F, Atkinson BW and Kasan HC (1998) Application of waste 
activated sludge as a biosorbent for the remediation of metal 
plating effluent. Poster presentation at 19"' Bienn. Conf. of the 
Int. Assoc. on Water Quality, Vancouver Trade and Conv. Centre. 
Canada. 21-26 June. 

• Bux F, Beerbal A and Kasan HC (1998) Survey of industrial 
effluents in KwaZulu-Natal and assessment of on-site treatment 
technology. Poster presentation at WISA Bienn. Conf., Cape 
Town. 4-7 May. 

• Drysdale GD. Bux F and Kasan HC (1998) Evaluation of the role 
of heterotrophic bacteria in denitrification during activated 
sludge treatment. Poster presentation at WISA Bienn. Conf.. 
Cape Town. 4-7 May. 

• Morrison IR and Stow JG (1998) Leachate formation during the 
Coastal Park special waste co-disposal project. Paper presented at 
One-day Seminar, Landfill Interest Group. September. 

• Mudaly DD, Bux F and Kasan HC (1998) The application of a 
lluorescently labelled rRNA targeted oligonucleotide probe for 
the in situ identification of bacteria in activated sludge. Poster 
presentation at WISA Bienn. Conf., Cape Town. 4-7 May. 

• Mudaly DD. Moulds J, Bux F and Kasan HC (1998) Dual staining 
of activated sludge with DAPI and a kingdom level 16s rRNA 
targeted oligonucleotide probe. Poster presentation at 10lh 

Bienn. Congr., S. Afr. Soc. of Microbiol. (SASM), Durban. 5-8 
July. 

• Naidoo V. Urbain V and Buckley CA (1998) Characterization 
of wastewater and activated sludge from European municipal 
wastewater treatment plants using the NUR test. Water Sci. 
Technol. 38(1)303-310. 

• Naidoo V, Urbain V and Buckley CA (1998) Characterization 
of wastewater and activated sludge from European municipal 
wastewater treatment plants using the NUR test. Paper 
presented at IAWQ 19"'Bienn. Int. Conf., Vancouver. Canada. 
21-26 June. 

• Urbain V, Naidoo V, Guellil A and Block J-C (1998) Municipal 
wastewater characterization using biological and physico-
chemical methods. Paper presented at WEFTEC ASIA '98, Conf.. 
Raffles City Conv. Centre, Singapore. 8-11 March. 

Articles and papers (1997) 
• Bell C, Buckley CA, Barclay SJ and Carliell C (19 9 7) Modification 

of a nutrient removal sewage works to achieve colour removal. 
Paper presented at S. Afr. Inst. of Chem. Eng.. 8"' Natl. Meeting, 
Cape Town. 16-18 April. 

• Brouckaert CJ, Fortmann N and Buckley CA (19 9 7) A compu­
tational fluid dynamics investigation of a secondary sewage 
clarifier. Paper presented at S. Afr. Inst. of Chem. Eng., 8th Natl. 
Meeting, Cape Town. 16-18 April. 
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• Ehlers MM and Cloete TE (19 9 7) Comparing the protein profiles 
of 21 different activated sludge systems after SDS-PAGE. Poster 
presentation at Water Quality Int. 1998, Vancouver, B.C., 
Canada. 

• Ehlers MM and Cloete TE (1997) Protein profiles of phosphorus 
removing and nitrate removing activated sludge systems. Poster 
presentation at S. Afr. Soc. of Microbiol., Durban. 5-8 July. 

• Karama AB, Onyejekwe 00, Brouckaert CJ and Buckley CA 
(1997) The use of computational fluid dynamics (CFD). 
Technique for evaluating the efficiency of an active sludge 
reactor. Poster presentation at Int. Assoc. on Water Quality 
(IAWQ) Spec. Conf. on Chem. Process Industries and Environ. 
Manage., Cape Town. 8-10 September. 

• Karama AB, Onyejekwe 00, Brouckaert CJ and Buckley CA 
(1997) The use of computational fluid dynamics (CFD) in 
determining the efficiency of an activated sludge reactor. Paper 
presented at 4lh Int. Conf. on Computer Methods and Water 
Resources (CCMWR'97), Byblos, Lebanon. 16-18 June. 

• Naidoo V, Harduin H, Urbain V and Buckley CA (19 9 7) Factors 
influencing denitrification batch kinetic studies. Poster present­
ation at Biotech SA '97, 2nd Grahamstown Conf., Biotechnol. 
and Develop, in South. Afr., Rhodes Univ., 1820 Settlers National 
Monument, Grahamstown. 21-24 January. 

Report (1998) 
• HaarhoffJenBezuidenhoutE(1998)Die Verfy ning van 

Ontwerpsparameters vir Slykverdikking met Behulp van 
Opgelostelugflottasie. WNK Verslagno 556/1/98. 

Reports (1997) 
• Bux F, Atkinson BW and Kasan HC (19 9 7) Laboratory and 

Pilot-Plant Bioreactor Development for Remediation of Metal-
Contaminated Wastewater Using Activated Sludge as 
Biosorbent. WRC Report No 688/1/97. 

• Loewenthal RE (1997) The Application of Chemical Equilibrium 
to the Control of Struvite and Calcite Precipitation in Waste-
Water Treatment. WRC Report No 602/1/97. 

W a t e r q u a l i t y m a n a g e m e n t 

Articles and papers (1998) 
• De Clercq WP (19 9 8) Response of Colombar grapes to saline 

irrigation water and some managerial options. Paper presented 
at the Robertson Valley Information Day, Robertson. 9 
September. 

• Du Plessis HM (1998) Water quality and irrigation in South 
Africa. Proc. of the Fertigation Symp., Pretoria. 13 August. 

• Forster S (1998) A possible approach to the introduction of 
pollution charges. Paper presented at the Joint WISA/SA/ 
SAIMM Colloquium on the National Water Act (1998): 
Implications to the Mining Industry, Randfontein Estates 
Sports Club. 19 November. 

• Kiihn AL, Venter SN, Harris J and Zingitwa L (1998) A national 
microbiological water quality monitoring programme for South 
Africa. Paper presented at WISA Bienn. Conf., Cape Town. 
4-7 May. 

• Moolman JH, De Clercq WP, Van Zyl E, Wessels WPJ, Meiri A 
andDu Plessis HM (1998) Response of Colombar grapes to 
saline irrigation water. Paper presented at the 16"1 World Congr. 
of the ISSS, Montpellier. 

• Sililo OTN and Eigenhuis B (1998) Investigation of contaminant 
attenuation capacity of the soil/aquifer system with special 
emphasis on the vadose zone: Laboratory study and modelling 
results. Paper presented at Workshop entitled: The Hydrogeology 
of the Vadose Zone, WRC. Pretoria. 17 July. 

• Taviv I, Herold CE and Forster S (1998) Development of a 
methodology for the implementation of water pollution charges: 
Case study for Witbank Dam catchment. Paper presented at the 
Water 98 Conf., Johannesburg. 9-10 March. 

• Venter SN, Harris J and Kiihn AL (1998) A method for the 
prioritization of areas experiencing microbial pollution of 
surface water. Paper presented at the IAWQ Bienn. Conf., 
Vancouver. 22-25 June. 

Report (1998) 
• Schmidt EJ (1998) Impacts of Sugarcane Production and 

Changing Land Use on Catchment Hydrology. WRC Report 
No 419/1/98. 

Reports (1997) 

• Hunter CH, Senior E, Howard JR and Bailey IW (19 9 7) 
Development of a Multi-Stage Laboratory Model to Determine 
the Ecotoxicological Impacts of Selected Xenobiotic Compounds, 
Phenol and 2,4-dichlorophenol, on a Population of Nitrifiers 
Enriched and Isolated from an Acquatic Ecosystem. WRC 
Report No 583/1/97. 

• Skivington P (19 9 7) Risk Assessment for Water Quality 
Management. WRC Report No TT 90/97. 

Thesis 
• Eigenhuis B (19 9 7) Modelling the Contaminant Attenuation 

Capacity of Sandy Soils in the Vadoze Zone. Ph.D. (Agric.) 
Thesis, Univ. of Stellenbosch. 

G r a i a n d w a t e r 

Articles and papers (1998) 
• Conrad J, Van der Voort I and Jones S (19 9 8) An investigation 

into a GIS based methodology to determine the sustainable 
exploitability of South African aquifers. Paper presented at 
WISA Bienn. Conf., Cape Town. 4-7 May. 

• Kelbe BE and Rawlins BK (1998) The role of numerical ground-
water models in support of EIA and IEM. Paper presented at 
IAIA Conf., Cathedral Peak. 

• Meyer Rand Wedepohl E (19 9 8) Radio wave tomography in the 
study of fractured rock aquifers. Proc. Bienn. Congr. of the Biol. 
Soc. ofS. Afr. (Proc. Geocongr. '98). 

• Murray EC (1998) Artificial recharge in Southern Africa. Public 
lecture, UCT Geology and other departments, and members of 
the public. May. 

• Murray EC (1998) Current artificial recharge studies in 
fractured aquifers. Paper presented at the Groundwater Div. 
of the Geol. Soc. of S. Afr. 21 September. 

• Murray EC and Tredoux G (1998) Enhancing water resources: 
Factors controlling the viability of artificial groundwater 
recharge. Paper presented at WISA Bienn. Conf., Cape Town. 
4-7 May. 



• Murray EC, Tredoux G and Murphy K (19 9 8) Developments 
in artificial recharge in Southern Africa. Paper presented at Int. 
Assoc. of Hydrogeol. Conf.. Las Vegas. 28 September. 

• Pietersen KC, Titus R, Williams M, Buis R, Adams S and Cave L 
(1998) Groundwater supply assessment and strategy for sus­
tainable use in a semiarid region, South Africa. In: Conf. Proc, 
Groundwater. Sustainable Solutions, University of Melbourne, 
Australia. 

• Stadler W (1998) The use of geographic information systems 
in establishing statistical relationships between environmental 
conditions and community health. Paper presented at Medichem 
1998 Int. Conf., Cape Town. September. 

• Tredoux G and Murray EC (1998) Artificial groundwater 
recharge applications and experiences in arid and semi-arid 
regions in Southern Africa. Workshop presentation on Artificial 
Recharge in India, CSIR, Hyderabad, India. 27-28 August. 

• Van der Voort I and Conrad J (1998) A GIS based quantification 
process for determination of the sustainable yield and utilisable 
potential of South African aquifers. Paper presented at IAH '98 
Conf., Melbourne, Australia. 

• Van der Voort I and Conrad J (199 8) The use of GIS and 
modelling to determine the sustainable utilisable potential of 
South African aquifers. Paper presented at Geocongress '98. 

Reports (1998) 
• Botha JF, Verwey JP, Van der Voort I, Vivier JJP. Buys J, Collision 

WP and Loock JC (1998) Karoo Aquifers: Their Geology, 
Geometry and Physical Properties. WRC Report No 487/1/98. 

• Hodgson FDI and Krantz RM (1998) Groundwater Quality 
Deterioration in the Olifants River Catchment Above the Loskop 
Dam with Specialised Investigation in the Witbank Dam 
Subcatchment. WRC Report No 291/1/98. 

• Lazarus P (19 9 8) Towards a Regulatory Framework for the 
Management of Groundwater in South Africa. WRC Report 
No 789/1/98. 

• Murray EC and Tredoux G (1998) Artificial Recharge: A 
Technology for Sustainable Water Resources Development. 
WRC Report No 842/1/98. 

• Parsons R and Conrad J (1998) Explanatory Notes for the 
Aquifer Classification Map of South Africa. WRC Report 
No KV 116/98. 

• Toens RD, Stadler W and Wullschleger NJ (1998) The 
Association of Groundwater Chemistry and Geology with 
Atypical Lymphocytes (As Biological Indicator) in the Pof'adder 
Area, North Western Cape, South Africa. WRC Report 
No 839/1/98. 

• VanTonder G, Buys J. Lukas E and Staats S (1998) Extension 
and Refinement of the Aquamod Computer Software. WRC 
Report No 640/1/98. 

Theses 
• Van Wyk AE (1998) Tracer Experiments in Fractured-Rock 

Aquifers. M.Sc. Thesis, Univ. of the Orange Free State, 
Bloemfontein. 

• Xu Y (19 9 8) Delineation of Borehole Protection Areas in 
Fractured Aquifers. Ph.D. Thesis, Univ. of the Orange Free State. 
Bloemfontein. 

A g r i c u l t u r a l w a t e r managemen t 

Articles and papers (1998) 
• Anderson JJ and De Jager JM (19 9 8) Long-term maize 

production risk computed by PUTU for the Setlagole/Clovelly 
ecotope. Paper presented at Combined Congr. of the SSSSA 
and SACPS. January. 

• Backeberg GR (1998) Importance of research in agricultural 
water management to achieve growth in agricultural production 
and sustain the natural resource base. SA Irrigation 20 (1). 

• Backeberg GR and Odendaal PE (1998) Water for agriculture: 
A future perspective. Paper presented at 39"' Ordinary General 
Meeting of the Fertilizer Society of S. Afr., FSSA Journal. 

• Botha PW, Meiring JA and Van Schalkwyk HD (1998) 
Quantifying the risk associated with crop rotation systems of 
an Eastern Free State trail. Paper presented at the 36"' Annu. 
Conf. of the Agric. Econ. Assoc. of South. Afr., Swakopmund. 
29 September-2 October. Also in Agrekon. 37 (4). 

• Daniels CL, Van der Mescht A, De Ronde JA and Van der Merwe T 
(1998) Heat-and-drought tolerance as measured by 2,3,5-
triphenyltetrazolium chloride reduction is organ-specific in 
potato. Paper presented at Joint Meeting of S. Afr. Soc. of Crop 
Production and Soil Sci. Soc. of S. Afr. 

• Grove B, Bender AG and Oosthuizen LK (1998) Economic effects 
of stochastic water supply and demand at farm level. Paper 
presented at the Natl. Symp. of the S. Afr. Inst. of Agric. Eng., 
Port Elizabeth. 5-7 October. Also in Agric. Eng. in S. Afr. 30 (1). 

• Grove B and Oosthuizen LK (1998) Allocating scarce water 
supplies economically. Agric. Eng. in S. Afr. 30 (1). 

• Grove B and Oosthuizen LK (1998) Economic sound irrigation 
scheduling. Paper presented at the Natl. Symp. of the S. Afr. Inst. 
of Agric. Eng., Port Elizabeth. 5-7 October. 

• Grove B and Oosthuizen LK (1998) Quantifying economic 
and environmental trade-offs of instream flow requirements: 
A comparison between Stewart-Hagan and Steward crop yield 
models. Paper presented at the 36"' Annu. Conf. of the Agric. 
Econ. Assoc. of S. Afr., Swakopmund. 29 September- 2 October. 
Also in Agrekon. 37(4). 

• Laurie RN, Janse van Vuuren R and Van der Mescht A (19 9 8) 
Cloning of the Cu/Zn superoxide dismutase gene into maize. 
Paper presented at S. Afr. Genetics Soc. XVI"' Congr. 

• Marais D, Rethman NFG and Annandale JG (19 9 8) Water use 
efficiency of pearl millet (Pennisetum glaucum) in terms of dry 
matter, crude protein and digestible nutrient production. Proc. 
Int. Symp. on Arid Region Soils: Share our Experiences to Conserve 
the Land. Int. Agrohydrol. Res. and Training Centre. Turkey. 
21-24 September. 91-96. 

• Meiring JA (1998) Paper presented to the Rietrivier Study Group 
to introduce the SPILKOST3 program to farmers. 

• Meiring JA (1998) Paper presented to the Luckhoff Farmers' 
Association to introduce the FARMS program to farmers. 

• Meiring JA, Crous CI en Roselt G (19 9 8) Besproeiingskoste-
bestuur: Die implikasies van vaste en veranderlike koste op 
besluitneming. Referaat gelewer by die Nas. Simp, van die S. Afr. 
Inst. vir Landbou-Ing., Port Elizabeth. 5-7 Oktober. Ook in 
Landbou-lng. in S.- Afr. 30 (1). 

• Penzhorn N and Marais D (1998) Deficit irrigation has financial 
benefits. Farmer's Weekly. 18 September. 
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• Rethman NFG and Jovanovic NZ (1998) Potential forages for 
areas irrigated with gypsiferous water. In: Fox HR, Moore HM 
and Mclntosh AD (eds.) Land Reclamation: Achieving Sustainable 
Benefits. Proc. of the 4"' Int. Conf., Nottingham, UK. 7-11 
September. 

• Slabbert MM, Spreeth MH and Van der Mescht A (1998) 
Development of drought tolerant Amaranthus (pigweed) plants 
using mutation technology. Paper presented at Soils and Crops 
Towards 2000, Combined Congr., Alpine Heath, Drakensberg, 
Natal. 

• Slabbert MM, Spreeth MH and Van der Mescht A (1998) The use 
of mutation technology for the induction of drought tolerance. 
Regional (AFRA) Training Course on Selection Methods for 
Drought Tolerance in Cereals and Legumes. ARC, Roodeplaat, 
Pretoria. 

• Slabbert MM, Van der Mescht A and Spreeth MH (1998) 2,3,5-
Triphenyltetrazolium chloride as a method of determining 
drought tolerance in Amaranthus. Paper presented at Plant 
Breeders Assoc. (SAPBA) Plant Breeding Symp., Golden Gate 
Highland National Park, Natal. 17-19 March. 

• Spreeth MH, Slabbert MM and Van der Mescht A (1998) A 
strategy for the development and evaluation of drought tolerant 
mutant germplasm of Vigna. Paper presented at Plant Breeders 
Assoc. (SAPBA) Plant Breeding Symp., Golden Gate Highland 
National Park, Natal. 17-19 March. 

• Spreeth MH, Van der Mescht A, Van Staden L and Van der Merwe 
T (1998) Plant viability as a measurement of temperature and 
drought tolerance in maize inbred lines. Paper presented at Joint 
Meeting of S. Afr. Soc. of Crop Production and Soil Sci. Soc. of S. 
Afr.; also at AFRA Workshop on Drought Selection Techniques. 

• Van der Merwe T, Van der Mescht A, De Ronde JA, Van Staden L 
and Rossouw FT (1998) Chlorophyll fluorescence as a measure 
of drought tolerance in potato. Paper presented at Plant 
Breeders Assoc. (SAPBA) Plant Breeding Symp., Golden Gate 
Highland National Park, Natal. 17-19 March. 

• Van der Mescht A, De Ronde K, Spreeth MH, Slabbert MM, 
Laurie R and Van der Merwe T (19 9 8) Physiological Approach 
to Drought Tolerance. Dept. of Botany, Univ. of Pretoria. 

Articles and papers (1997) 
• Bembridge TJ (19 9 7) Small-scale farmer irrigation in South 

Africa: Implications for extension. S. Afr. J. Agric. Ext. 26 71-81. 

Reports (1998) 
• Bennie ATP, Strydom MG en Vrey HS (1998) Gebruik van 

Rekenaarmodelle vir Landboukundige Waterbestuur op 
Ekotoopvlak. WNK Verslagno TT 102/98. 

• Casey NH, Meyer JA and Coetzee CB (1998) An Investigation 
Into the Quality of Water for Livestock Production with the 
Emphasis on Subterranean Water and the Development of a 
Water Quality Guideline Index System. Volume 1: Development 
and Modelling. WRC Report No 644/1/98. 

• Casey NH, Meyer JA and Coetzee CB (1998) An Investigation 
Into the Quality of Water for Livestock Production with the 
Emphasis on Subterranean Water and the Development of a 
Water Quality Guideline Index System. Volume 2: Research 
Results. WRC Report No 644/2/98. 

• Casey NH, Meyer JA and Coetzee CB (19 9 8) An Investigation 
Into the Quality of Water for Livestock Production with the 
Emphasis on Subterranean Water and the Development of a 
Water Quality Guideline Index System: Appendix. WRC Report 
No 644/3/98. 

• Kruger GHJ (19 9 8) Ontwikkeling en Rekenarisering van 
'n Geskikte Vloedbesproeiingontwerpprosedure. Volume 1: 
Samevattende Verslag. WNK Verslagno 290/1/98. 

• Kruger GHJ (1998) Ontwikkeling en Rekenarisering van 
'n Geskikte Vloedbesproeiingontwerpprosedure. Volume 2: 
Kritiese Evaluering van Vloedbesproeiingontwerpprosedure. 
WNK Verslagno 290/2/98. 

• Kruger GHJ (1998) Ontwikkeling en Rekenarisering van 
'n Geskikte Vloedbesproeiingontwerpprosedure. Volume 3: 
Bevestiging van Hidrodinamiese Modelle en Kenmerkende 
Eienskappe Geldig vir VIoedbesproeiing in Suid-Afrika. WNK 
Verslagno 290/3/98. 

• Kruger GHJ (1998) Ontwikkeling en Rekenarisering van 
'n Geskikte Vloedbesproeiingontwerpprosedure. Volume 4: 
Ontwikkeling en Rekenarisering van 'n Toepaslike Ontwerp-
prosedure vir VIoedbesproeiing. WNK Verslagno 290/4/98. 

• Steyn JM, Du Plessis HF and Fourie P (1998) Response of Potato 
Genotypes to Different Irrigation Water Regimes. WRC Report 
No 389/1/98. 

• Van Averbeke W M'Marete CK, Igodan CO and Belete A (1998) 
An Investigation into Food Plot Production at Irrigation Schemes 
in Central Eastern Cape. WRC Report No 719/1/98. 

Reports (1997) 
• Jansen van Vuuren JD (199 7) Optimal Water Use of Turf Grass. 

WRC Report No 417/1/97. 

• Van Zyl WH and De Jager JM (1997) Estimation of Plant and Soil 
Evaporation from Cropped Lands. WRC Report No 507/1/9 7. 

Theses 
• Anderson JJ (19 9 8) Quantifying the Production Risk on a Maize 

and a Wheat Ecotope with Marginal Rainfall Using PUTU. M.Sc. 
Thesis, Univ. of the Orange Free State. 

• Meyer JA (1998) Modelling for the Prediction of Water Quality 
Guidelines for Livestock in South Africa. Ph.D. Thesis, Univ. of 
Pretoria. 

I n d u s t r i a l wratei" rnissmaiffGinemt 

Articles and papers (1998) 
• Barclay SJ (1998) Cleaner production. What is it and why is it 

necessary? Paper presentated at 1998 Waste Manage. Sem. on 
Waste, An Integral Aspect of Environ. Manage., Innovation 
Centre, Univ. of Natal, Durban. 11 September. 

• Barclay SJ and Buckley CA (1998) Waste minimisation and 
effluent treatment guide: A publication for the textile industry. 
Poster presentation at WISA 98 Bienn. Conf. and Exhib., Cape 
Town. 4-7 May. 

• Barclay SJ and Kothuis B (1998) Waste minimisation. Course at 
South. Afr. Regional Conf. on Cleaner Production, Eskom Conf. 
Centre, Midrand. 11 May. 

• Bartie D, Nel LH and Venter SN (19 9 8) Legionella identification 
from environmental samples. Paper presented at Meeting 
organised by the Legionella Action Group. 16 February. 



Britz TJ and Ronquesl LA (1998) Enhancement of UASB 
technology. Invited Speaker, Annu. Winetcch Res. Symp.. 
Nietvoorbeij Res. tnsl., Stellenbosch. 

Brouckaert C] (1998) Thermal pinch analysis. Course at South. 
Afr. Regional Conf. on Cleaner Production, Eskom Conf. Centre, 
Midrand. 11 May. 

Buckley CA (1998) An introduction to cleaner production. 
Course at South. Afr. Regional Conf. on Cleaner Production, 
Eskom Conf. Centre, Midrand. 11 May. 

Buckley CA (1998) Case study - Successful waste minimisation 
programmes in industry. Paper presented at Chem. and Allied 
Ind. Assoc. Responsible Care Workshop. Airport Garden Court, 
Gauteng. 11 March. 

Buckley CA (1998) Cleaner production. What is it and why is 
it necessary? Paper presented at Gauteng Environ. Course on 
Cleaner Production, Pretoria. 20 August. 

Buckley CA (1998) Pinch analysis as a technique for water and 
waste minimisation in industry - Outline and examples. Paper 
presented at Chem. and Allied Ind. Assoc, Responsible Care 
Workshop, Breakers Resort. Umhlanga Rocks, Durban. 18 
March. Also at Sanlam Training Centre, Bellville, Cape Town. 
25 March. 

Buckley CA and Brouckaert CJ (1998) Planning for the 
desalination of mine water -The big picture. Slide presentation 
at WISA Mine Water Division. Symp. on the Desalination and 
Manage, of Saline Effluent in the Middle Vaal Catchment Area, 
Western Transvaal Regional Water Co. Recreation Centre. 
12 March. 

Buckley CA. Stephenson T, Brouckaert CJ and Brindle K (1998) 
The potential application of membrane processes for wastewater 
recycling and reuse. Paper presented at IAWQ 2nd Int. Conf. on 
Advanced Wastewater Treatment. Recycling and Reuse, Milan, 
Italy. 14-16 September. 

Carliell CM, Barclay SJ, Shaw C. Wheatley AD and Buckley CA 
(1998) The effect of salts used in textile dyeing on microbial 
decolourisation of a reactive azo dye. Environ. Techno], 20 
1133-1137. 

Dawood Z and Brozel VS (1998) Corrosion-enhancing potential 
of Shewanella putrefaciens isolated from industrial cooling waters. 
/. Appl. Microbiol. 84 929-936. 

Dawood Z, Ehrenreich L and Brozel VS (1998) Shewanella 
putrefaciens reduces sulphite in the presence of molecular 
oxygen. FEMS Microbiol Letts. 164 383-387. 

Hansa A, Chetty DK and Buckley CA (1998) Comparison of 
high performance capillary electrophoresis (HPCE) and high 
performance liquid chromatography (HPLC) for the analysis 
of azo reactive dyes. Paper presented at 7"' Int. Chem. Conf. in 
Africa, 34th Conv. of the S. Afr. Chem. Inst., Univ. of Natal, 
Durban. 6-10 July. 

Hansa A, Pillay VL and Buckley CA (1998) The analysis of 
reactive dyes and their derivatives in textile dyeing wastewater. 
Poster presentation at WISA 98 Bienn. Conf. and Exhib., Cape 
Town. 4-7 May. 

Henry P, Bullock P, Buckley CA and Brouckaert CJ (1998) The 
application of pinch technology as a strategic tool in the rational 
management of water and effluent in an industrial complex. 
Poster presentation at WISA 98 Bienn. Conf. and Exhib., Cape 
Town. 4-7 May. 

Majozi T (1998) Water pinch analysis. Course presented at 
South. Afr. Regional Conf. on Cleaner Production, Eskom Conf. 
Centre. Midrand. 11 May. 

Majozi T, Brouckaert CJ and Buckley CA (1998) Effluent 
reclamation and reuse in a group of agrochemical manu­
facturing plant using process integration. Paper presented at 
4"1 Int. Symp. on Waste Manage. Problems in Agro-Industries, 
Istanbul, Turkey. 23-25 September. 

Majozi T. Brouckaert CJ and Buckley CA (1998) Walerpinch 
applied to batch processes. Poster presentation at WISA 98 
Bienn Conf. and Exhib., Cape Town. 4-7 May. 

McLeod ES, Dawood Z. MacDonald R, Oosthuyzen M, Graf J, 
Steyn PL and Brozel VS (1998) Isolation and identification of 
sulphite- and iron-reducing, hydrogenase positive facultative 
anaerobes from cooling water systems. Syst. Appl. Microbiol. 
21297-305. 

Morganti L (1998) Anita: An instrument for measuring 
acetoclastic methanologenic bacterial activity for anaerobic 
applications. Paper presented at 11 t h Annu. Symp. of the 
KwaZulu-Natal Branch of the Soc. For Microbiol., Dept. of 
Microbiol. and Plant Pathol, Fac. of Sci.. Sinodale Conf. Centre, 
Univ. of Natal, Pietermaritzburg. 9 October. 

Mudunge R (1998) A comparison of the anaerobic baffled 
reactor and the completely stirred tank reactor. Poster 
presentation at 11"' Annu. Symp. of the KwaZulu-Natal Branch 
of the Soc. For Microbiol., Dept. of Microbiol. and Plant Pathol, 
Fac. of Sci., Sinodale Conf. Centre, Univ. Of Natal, 
Pietermaritzburg. 9 October. 

Reeves JA and Buckley CA (1998) Chemical speciation modelling 
in the power industry. Paper presented at 7lh Int. Chem. Conf. 
in Africa, 34"' Conv. of the S. Afr. Chem. Inst., Univ. of Natal, 
Durban. 6-10July. 

Reiner M, Kothuis B, Buckley CA and Barclay SJ (1998) 
Industrial symbiosis in small and medium sized enterprises 
following waste minimisation. Poster presentation at WISA 98 
Bienn. Conf. and Exhib., Cape Town. 4-7 May. 

Reiner M, Kothuis B, Buckley CA, Petrie J and Barclay SJ (1998) 
Industrial symbiosis and eco-efficiency in the textile industry: 
A South African case study. Poster presentation at IAWQ 2'"' Int. 
Conf. on Advanced Wastewater Treatment, Recycling and Reuse, 
Milan, Italy. 14-16 September. 

Sacks J and Buckley CA (1998) Anaerobic treatment of textile 
size effluent. Paper presented at 4lh Int. Symp. on Waste Manage. 
Problems in Agro-Industries, Istanbul, Turkey. 23-25 September. 

Sacks J and Buckley CA (1998) Anaerobic digestion of a textile 
size effluent. Poster presentation at WISA 98 Bienn. Conf. and 
Exhib., Cape Town. 4-7 May. 

Sacks J, Buckley CA and Stuckey DC (1998) Treatment and 
decolourisation of food dyes in the anaerobic baffled reactor. 
Paper presented at Afr. Int. Environ. Protection Symp., Imperial 
Hotel, Pietermaritzburg. 4-8 July. 

Sacks J, Buckley CA and Stuckey D (1998) Treatment of high-
strength or toxic organic effluents in the anaerobic baffled 
reactor (ABR). Poster presentation at WISA 98 Bienn. Conf. 
and Exhib., Cape Town. 4-7 May. 

Schwikkard GW and Buckley CA (1998) Ultrasound for water 
treatment. Poster presentation at WISA 98 Bienn. Conf. and 
Exhib., Cape Town. 4-7 May. 
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• Steenveld G, Barclay SJ and Buckley CA (1998) Waste 
minimisation clubs: Introducing the concept to South African 
industries. Paper presented at WISA 98 Bienn. Conf. and Exhib., 
Cape Town. 4-7 May. 

• Trnovec W and BritzTJ (1998) Influence of organic loading rate 
and hydraulic retention time on the efficiency of a UASB bio-
reactor treating a canning factory effluent. Water SA 24 (2) 
147-152. 

• Urbain V, Naidoo V and Buckley CA (1998) Characterization 
of wastewater biodegradable organic fraction: Accuracy of the 
nitrate utilization rate test. Paper presented at Water Environ. 
Federation Conf., Orlando, USA. 3-7 October. 

• Venter SN (1998) Ecology of Legionella. Paper presented at 
Meeting organised by the Legionella Action Group. 16 February. 

Articles and papers (1997) 
• Barclay SJ, Gilflllan C and Buckley CA (19 9 7) Integrated 

approach to textile effluent treatment. Poster presentation 
at S. Air. Inst. of Chem. Eng., 8lh Natl. Meeting, Cape Town. 
16-18 April. 

• Brouckaert BM, Loveday BK, Wadley S and Brouckaert CJ 
(1997) Ion-exchange with carbon dioxide regeneration for the 
desalination of mining effluent. Paper presented at S. Afr. Inst. 
of Chem. Eng., 8th Natl. Meeting, Cape Town. 16-18 April. 

• Buckley CA (19 9 7) Industrial effluent management: The role of 
the scientist. Paper presented at Natl. Symp. on Environ. Sci. and 
Ind., Mamelodi Campus, Vista Univ., Silverton. 22-23 July. 

• Buckley CA (19 9 7) The implementation of sustainable 
development on water biotechnology. Paper presented at Biotech 
SA '97, 2nd Grahamstown Conf., Biotechnol. and Develop, in 
South. Afr., Rhodes Univ, 1820 Settlers Natl. Monument, 
Grahamstown. 21-24 January. 

• Gilflllan C, Barclay CJ, Buckley CA and Law S (19 9 7) An 
assessment of the environmental performance of the textile 
industry in South Africa. Poster presentation at S. Afr. Inst. 
of Chem. Eng., 8th Natl. Meeting, Cape Town. 16-18 April. 

• Machenbach I, Brouckaert CJ and Buckley CA (19 9 7) Nano-
filtration of reactive dye effluents. Paper presented at S. Afr. Inst. 
of Chem. Eng., 8th Natl. Meeting, Cape Town. 16-18 April. 

• McLeod ES, Dawood Z, Ehrenreich L and Brozel VS (1997) 
Electron acceptor preference and localisation of Shewanella 
putrefaciens in biofilms in cooling water systems using 16SrRNA-
specific fluorescent probes. Paper presented at 97Ul Gen. Meeting 
of the Am. Soc. for Microbiol., Miami Beach, Florida, USA. May. 

• Reeves JA and Buckley CA (19 9 7) Chemical speciation modelling 
in the power industry. Paper presented at S. Afr. Inst. of Chem. 
Eng., 8lh Natl. Meeting, Cape Town. 16-18 April. 

• Sacks J, Buckley CA, Senior E and Kasan H (19 9 7) Availability 
of anaerobic digesters in the KwaZulu-Natal region for the 
treatment of high strength organic effluents. Poster presentation 
at Biotech SA '97, 2nd Grahamstown Conf., Biotechnol. and 
Develop, in South. Air., Rhodes Univ., 1820 Settlers Natl. 
Monument, Grahamstown. 21-24 January. 

• Sacks J, Buckley CA, Senior E and Kasan H (19 9 7) The utilisa­
tion of available anaerobic digester capacity, in the KwaZulu-
Natal region, for the treatment of high strength or toxic organic 
effluents. Paper presented at S. Afr. Inst. of Chem. Eng., 8lh Natl. 
Meeting, Cape Town. 16-18 April. 

• Sacks J, Buckley CA, Senior E and Kasan H (1997) Treatment 
of textile size effluent by anaerobic digestion: Laboratory-scale 
trials. Poster presentation at Biotech SA '9 7, 2nd Grahamstown 
Conf., Biotechnol. and Devel. in South. Afr., Rhodes Univ., 1820 
Settlers Natl. Monument, Grahamstown. 21-24 January. 

• Sacks J, Kasan H, Senior E and Buckley CA (199 7) An assess­
ment of the anaerobic degradation of high strength or toxic 
organic effluents. Poster presentation at Int. Assoc. on Water 
Quality (IAWQ) Spec. Conf. on Chem. Process Ind. and Environ. 
Manage., Cape Town. 8-10 September. 

• Schwikkard G W Faul CJ and Buckley CA (19 9 7) Investigation 
of the operational parameters for the sonochemical production 
of hydrogen peroxide. Paper presented at S. Afr. Inst. of Chem. 
Eng., 8th Natl. Meeting, Cape Town. 16-18 April. 

• Van der Merwe M and BritzTJ (1997) Combined pre-degradation 
and anaerobic digestion system for the treatment of a baker's 
yeast factory effluent. Water Sci. Technol. 36 (6-6) 295-301. 

Reports (1998) 
• Cowan JAC (1998) The Development of Management Strategies 

and Recovery Systems for Heavy Metal Wastes. WRC Report 
No 589/1/98. 

• Pillay VL (1998) Research on the Filtration of Compressible 
Cakes. WRC Report No 241/1/98. 

• Van der WesthuizenTH en Pretorius WA (1998) Optimisering 
en Gebruik van die Fungus Geotrichum soos Gekweek op 'n 
Industriele Uitvloeisel. WNK Verslagno 315/1/98. 

• Van der Westhuizen TH and Pretorius WA (1998) Use of 
Filamentous Fungi for the Purification of Industrial Effluents. 
WRC Report No 535/1/98. 

Reports (1997) 
• Steenveld G (19 9 7) Development of an Expert Systems Approach 

to Water Management in the Fruit and Vegetable Processing 
Industry. WRC Report No 458/1/97. 

Theses 
• Dawood Z (19 9 8) The Role of Shewanella putrefaciens in the 

Corrossion of Ferrous Metals. M.Sc. Thesis, Dept. of Microbiol, 
Univ. of the Western Cape. 

• Gilflllan CM (19 9 7) Water and Effluent Management in the 
South African Textile Industry. M.Sc. (Eng.) Thesis, Univ. of 
Cape Town. 

• Gordon PB (19 9 7) Investigation into the Fouling of Heat 
Exchangers. M.Sc. (Eng.) Thesis, Univ. of Cape Town. 

• McLeod E (19 9 8) Localisation of Shewanella putrefaciens within 
Biofilms Growing in High Sulphate Waters. M.Sc. Thesis, Dept. 
of Microbiol., Univ. of the Western Cape. 

• Roos P (1998) Enhancement of Granule Growth During the 
Inducement of Unbalanced Environmental Conditions in Batch 
Systems Operating on Canning Industry Effluents (Confidential). 
M.Sc. (Food Sci.), Univ. of Stellenbosch. 

• Sacks J (1998) A Survey of Anaerobic Digesters in the KwaZulu-
Natal Region in Order to Assess their Availability for the 
Treatment of High Strength or Toxic Organic Effluents. M.Sc. 
(Eng.) Thesis, Univ. of Cape Town. 

• Trnovec W (19 9 8) Enhanced Granulation by Environmental 
Stress Induction in UASB Bioreactors Operating on Canning 
Industry Effluents. M.Sc. (Food Sci.), Univ. of Stellenbosch. 



M e m b r a n e technology 

Articles and papers (1998) 
• Belyakov VN, Maltseva TV and Linkov VM (1998) Carbon-

oxide electrodes for electrochemical ion exchange processes. 
In: Ecology-98. 

• Bessarabov DG (19 9 8) Phenomenological analysis of ethane 
transport in a membrane contactor containing solutions of 
silver nitrate. Desalination 115(3) 265-277. 

• Bessarabov DG and Grimm J (19 9 8) Electrochemical ozone 
generator based on solid polyelectrolyte (SPE) membrane 
technology for water disinfection. Paper presented at VVISA 
Bienn. Conf., Cape Town. 4-7 May. 

• Bessarabov DG, Michaels WC, Marais S and Sanderson RD 
(1998) Preparation and characterisation of Pt-containing solid 
polyelectrolyte (SPE) membranes for electro-induced separations 
and catalysis. Poster presentation at 7"' Int. Chem. Conf. in Afr„ 
34"' Conv. of the S. Afr. Chem. Inst.. Univ. of Natal, Durban. 
6-10 July. 

• Bessarabov DG, Theron JP and Sanderson RD (1998) Novel 
application of membrane contactors: Solubility measurements 
of 1-hexene in solvents containing silver ions for liquid 
olelin/paraflin separations. Desalination 115 (3) 279-284. 

• Botes JP, Jacobs EP and Bradshaw SM (1998) Long-term 
evaluation of a UF pilot plant for potable water production. 
Desalination 115 (3) 229-238. 

• Bredenkamp MW, Jacobs EP. Swart P and Yanic C (1998) 
Chemical modifications on water soluble polymers. Poster 
presentation at 7"' Int. Chem. Conf. in Alb, 34"' Conv. of 
the S. Afr. Chem. Inst., Univ. of Natal, Durban. 6-10 July. 

• Domrose SE (1998) Membrane vents for bottles and containers. 
Packaging Review (May) 55-57. 

• Domrose SE, Finch DA and Sanderson RD (1998) Transverse 
flow capillary membrane module design and manufacture. 
Paper presented at WISA Bienn. Conf., Cape Town. 4-7 May. 

• Edwards W (1998) Upscale of a transverse-flow capillary 
membrane module to a demonstration size unit for the 
treatment of phenol-containing industrial effluent. Paper 
presented at WISA Bienn. Conf., Cape Town. 4-7 May. 

• Edwards W. Leukes WD. Jacobs EP. Rose PD and Burton S (19 9 8) 
Upscale of a transverse-flow capillary membrane module to a 
demonstration size unit for the treatment of phenol-containing 
industrial effluent. Paper presented at WISA Bienn. Conf., Cape 
Town. 4-7 May. 

• Fraser SJ (19 9 8) Growth characteristics of a Phanerochaete 
chrysosporium ME 446 strain as assessed by using a novel 
bioreactor system. Paper presented at WISA Bienn. Conf., Cape 
Town. 4-7 May. 

• Fraser SJ, Leukes WD, Rose PD, Burton S and Jacobs EP (19 9 8) 
Growth characteristics of several Phanerochaete chrysosporium 
ME446 strains as assessed by using a novel membrane bio­
reactor. Paper presented at WISA Bienn. Conf., Cape Town. 
4-7 May. 

• Grebenyuk VD, Peters S and Linkov V (1998) Surface modifica­
tion of anion exchange membranes to enhance anti-fouling 
characteristics. Desalination 115 (3). 

Grimm J, Bessarabov DG. Maier W, Storck S and Sanderson RD 
(1998) Sol-gel film-preparation of novel electrodes for the 
electrocatalytic oxidation of organic pollutants in water. 
Desalination 115 (3) 295-302. 

Grimm J, Bessarabov DG and Sanderson RD (1998) Review 
of electro-assisted methods for water purification. Desalination 
115(3)285-294. 

Grimm J, Bessarabov DG, Simon U and Sanderson RD (1998) 
Preparation and characterisation of novel thin-film electrode 
material for anodic oxidation of organics in water. Paper 
presented at WISA Bienn. Conf., Cape Town. 4-7 May. 

Jacobs EP, Pillay VL, Botes JP, Swart P, Maartens A, Konig E and 
Pryor (1998) Ultratiltration? A process for quality potable water 
treatment? Paper presented at WISA Bienn. Conf., Cape Town. 
4-7 May. 

Linkov VM and Belyakov VN (1998) Ceramic based electro-
sorption membranes. Paper presented at ICIM98, Int. Conf. 
on Inorganic Membranes, Nagoya, Japan. 22-26 June. 

Maartens A, Swart P and Jacobs EP (1998) Enzymatic cleaning 
of ultrafiltration membranes fouled in wool-scouring effluent. 
Water SA 24 (1)71-76. 

Maartens A, Swart P and Jacobs EP (1998) Humic membrane 
foulants in natural brown water, characterisation and removal. 
Poster presentation at 7"' Int. Chem. Conf. in Afr., 34th Conv. of 
the S. Afr. Chem. Inst., Univ. of Natal, Durban. 6-10 July. 

Maartens A, Swart P and Jacobs EP (1998) Humic membrane 
foulants in natural brown water: Characterisation, prevention 
and removal. Paper presented at WISA Bienn. Conf., Cape Town. 
4-7 May. 

Maartens A, Swart P and Jacobs EP (1998) Humic membrane 
foulants in natural brown water: Characterisation and removal. 
Desalination 115 (3) 215-227. 

Pryor M, Jacobs EP, Pillay VL and Botes JP (1998) A low pressure 
ultrafiltration membrane system for potable water supply to 
developing communities in South Africa. Paper presented at 
Membranes in Drinking and Industrial Water Production Conf., 
Amsterdam, The Netherlands. 21-24 September. 

Russell IM and Burton SG (1998) The development of an 
immobilised-enzyme bioprobe for the detection of phenolic 
pollutants in water. Paper presented at WISA Bienn. Conf., 
Cape Town. 4-7 May. 

Ryan D, Leukes WD, Jacobs EP, Sanderson RD and Burton S 
(1998) Bioremediation of wastewaters polluted with halo-
aromatic compounds by the white-rot fungus Trametes (Coriolus) 
versicolor. Poster presentation at 7"' Int. Chem. Conf. in Afr., 
34"' Conv. of the S. Afr. Chem. Inst.. Univ. of Natal, Durban. 
6-10 July. 

Sanderson RD and Bessarabov DG (1998) Catalytic membrane 
processes. Paper presented at 7lh Int. Chem. Conf. in Afr., 34'1' 
Conv. of the S. Afr. Chem. Inst., Univ. of Natal, Durban. 
6-10 July. 

Yanic C, Bredenkamp MW and Jacobs EP (1998) Chemical 
modifications on water soluble polymers. Paper presented at 
7th Int. Chem. Conf. in Afr., 34"> Conv. of the S. Afr. Chem. 
Inst., Univ. of Natal, Durban. 6-10 July. 
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Articles and papers (1997) 

• Bessarabov DG (19 9 7) Proton-exchange membranes in 
electrocatalysis. Paper presented at Eskom TRI, Cleveland. 
8 December. 

• Bessarabov DG, Jacobs EP, Van der Walt A and Nel C (199 7) 
Design of membrane contactors for water oxygenation and 
deoxygenation. Poster presentation at Int. Assoc. on Water 
Quality Spec. Conf. on Chem. Process Ind. and Environ. 
Manage., Cape Town. 8-10 September. 

• Bessarabov DG and Sanderson RD (1997) Application of 
membrane-liquid contacting systems for liquid olefin/paraffm 
separations. Paper presented at 2 nd WISA-MTD Workshop: New 
Developments in Membrane Processes, Badplaas. 21-24 October. 

• Bessarabov DG, Sanderson RD andTimashev SF (1997) 
Electrically induced facilitated transport of olefins in cation-
exchange membranes. Paper presented at North Am. Membrane 
Soc, Baltimore, USA. 31 M a y - 4 June. 

• Bessarabov DG, Sanderson RD and Timshev SF (199 7) 
Electrically induced mass transfer of olefins in cation-exchange 
membranes. Paper presented at 2nd WISA-MTD Workshop: New 
Developments in Membrane Processes, Badplaas. 21-24 October. 

• Bessarabov DG, Sanderson RD, Valuev VV, Popkov YM and 
Timashev SF (19 9 7) New possibilities of electro-induced 
membrane gas and vapour separation. Ind. and Chem. Eng. Res. 
36(6)2487-2489. 

• Boshoff A, Edwards W and Burton SG (19 9 7) Application of 
membrane-immobilised polyphenol oxidase for the biotrans-
formation of phenolic pollutants. Paper presented at 2nd WISA-
MTD Workshop. October. 

• Botes JP, Jacobs EP, Bradshaw SM and Saayman HM (199 7) 
Long-term evaluation of a UF pilot plant for potable water 
production. Paper presented at 2nd WISA-MTD Workshop: New 
Developments in Membrane Processes, Badplaas. 21-24 October. 

• Bredenkamp MW, Jacobs EP, Swart P and Yanic C (19 9 7) 
Terminus modification of poly(ethylene oxides). Poster 
presentation at One-day Symp. on Org. Chem., Univ. of 
Stellenbosch. 17 March. 

• Buchanan K, Jacobs EP, Rose PD and Leukes WD (19 9 7) 
Evaluation of a defouling on demand strategy for the ultra-
filtration of river water using immobilised activatable enzymes. 
Paper presented at 2nd WISA-MTD Workshop: New Develop­
ments in Membrane Processes, Badplaas. 21-24 October. 

• Burton SG (19 9 7) Biotransformations with membrane 
bioreactor technology. WISA-MTD Newsletter 32 (6). 

• Burton SG (1997) Transforming phenols using polyphenol 
oxidase. bid. Bioprocessing 19 (11) 2 and Chem. Process Alert 
3(41 )3 . 

• Burton SG, Leukes W, Edwards W, Boshoff A, Russell I, Russell T, 
Ryan D, Rose P, Jacobs E and Sanderson R (199 7) Biotransform­
ations using membrane bioreactor technology. Paper presented 
at 2nd WISA-MTD Workshop. October. 

• Edwards W Leukes WD, Jacobs EP, Sanderson RD, Rose PD and 
Burton SG (19 9 7) The influence of diffusion effects on enzyme-
substrate contact in a capillary-membrane bioreactor. Paper 
presented at 2"d WISA-MTD Workshop: New Developments in 
Membrane Processes, Badplaas. 21-24 October. 

• Fraser SJ, Jacobs EP, Koen D, Leukes WD and Rose PD (19 9 7) 
Preliminary investigations for the use of a membrane bioreactor 
developed for the investigation of Phcmerochaete chrysosporium 
physiology. Paper presented at 2nd WISA-MTD Workshop: New 
Developments in Membrane Processes, Badplaas. 21-24 October. 

• Grimm JH, Bessarabov DG, Kiiver A and Sanderson RD (199 7) 
Water-purification by electro-assisted membrane systems. Paper 
presented at 2nd WISA-MTD Workshop: New Developments in 
Membrane Processes, Badplaas. 21-24 October. 

• Maartens A, Swart P and Jacobs EP (19 9 7) Humic membrane 
foulants in natural brown water: Characterisation and removal. 
Paper presented at 2 nd WISA-MTD Workshop on Membrane 
Technology, Aventura Spa, Badplaas. 21-24 October. 

• Russell IM and Burton SG (19 9 7) The development of an 
immobilised-enzyme bioprobe for detection of phenolic 
pollutants in water. Paper presented at 2nd WISA-MTD 
Workshop: New Developments in Membrane Processes, 
Badplaas. 21-24 October. 

• Russell K, Leukes W, Jacobs EP and Burton S (19 9 7) The bio-
catalytic potential of membrane-immobilised polyphenol oxidase 
and fungal biomass from Neurospora crassa in the biotransform-
ation of phenols. Paper presented at 2nd WISA-MTD Workshop: 
New Developments in Membrane Processes, Badplaas. 
21-24 October. 

• Ryan DR, Leukes WD, Edwards W Jacobs EP, Sanderson R and 
Burton SG (1997) The removal of aromatic compounds from 
solution by the fungus Trametes versicolor immobilised in a novel 
membrane bioreactor. Paper presented at 2nd WISA-MTD 
Workshop: New Developments in Membrane Processes, 
Badplaas. 21-24 October. 

• Smit JJ and Koekemoer LR (19 9 7) Optimisation of nickel 
extraction with the use of supported liquid membrane capsules. 
WaterSA 23 (4) 339-344. 

• Stander GJ and Sanderson RD (19 9 7) Desalination of water 
as a process unit in a water reclamation system to augment the 
domestic water supply of a community. Poster presentation at 
Int. Assoc. on Water Quality Spec. Conf. on Chem. Process Ind. 
and Environ. Manage., Cape Town. 8-10 September. 

• Van der Walt A, Jacobs EP and Nel C (19 9 7) Characterisation 
of a transverse flow membrane contactor for water oxygenation 
and deoxygenation. Paper presented at 2nd WISA-MTD 
Workshop: New Developments in Membrane Processes, 
Badplaas. 21-24 October. 

Reports (1998) 
• Burton SG, Boshoff A, Edwards W, Jacobs EP, Leukes WD, 

Rose PD, Russell AK, Russel IM and Ryan D (1998) Membrane-
Based Biotechnological Systems for the Treatment of Organic 
Pollutants. WRC Report No 68 7/1 /98. 

• Domrose SE, Finch DA and Sanderson RD (1998) Development 
of Transverse-Flow Capillary-Membrane Modules of the 
Modular and Block Types for Liquid Separation and Bioreactors. 
WRC Report No 847/1/98. 

• Domrose SE, Sanderson RD and Jacobs EP (1998) Development 
of Specialised Cross- and Transverse-Flow Capillary Membrane 
Module. WRC Report No 618/1/98. 

• Smit JJ, Koekemoer LR and Van Wyk AM (199 8) The Extraction 
of Ionic and Chemical Species from Water by Membrane 
Extraction. WRC Report No 761/1/98. 



Theses 

• Allie Z (1998) The Use of Enzymes to Treat Ultrafiltration 
Membranes Fouled on Abattoir Effluent. M.Sc. (Biochem.) 
Thesis, Oniv. of Stellenbosch. 

• Botes JP (1998) Membrane Filtration for the Effective Supply of 
Water to Rural and Peri-urban Communities. M.Sc. (Biochem.) 
Thesis, Univ. of Stellenbosch. 

• Engelbrecht J (19 9 7) Nutritional Requirements, Medium, 
Utilisation and Extra Cellular Enzyme Production by the Fungus 
Sphaeropsis sapina and the Use of These and Other Enzymes in 
Membrane Cleanup Techniques. M.Sc. Thesis, Univ. of 
Stellenbosch. 

• Grimm JH (1998) Water Purification by Electrochemical 
Combustion. Ph.D. (Polymer Sci.) Thesis, Univ. of Stellenbosch. 

• Immelman E (1998) The Synthesis, Characterisation and 
Membrane Properties of Polyvinyl Alcohol and Chemically 
Modified Polyvinyl Alcohol. Ph.D.. (Polymer Sci.) Thesis, Univ. 
of Stellenbosch. 

• Koen LJ (1998) The Study of the Electrically Induced Physical 
Phenomena Occurring in the Concentration Polarisation Layer 
of Reverse Osmosis Membranes. M. Eng. (Chem.) Thesis, Univ. 
of Stellenbosch. 

• Maartens A (19 9 8) Application of Novel Biological Cleaning 
Methods for Ultrafiltration and Microfiltration Membranes Used 
in the Recycling of Industrial Effluents. Ph.D. (Biochem.) Thesis, 
Univ. of Stellenbosch. 

• Marais C (1998) Hydrodynamic Characterisation of an Axial 
Flow Membrane Module. M. Eng. (Chem.) Thesis, Univ. of 
Stellenbosch. 

• Michaels WC (1998)StudyofMetalDepositionin Ion-exchange 
Membranes for Catalytic and Separation Processes. M.Sc. Thesis, 
Univ. of Stellenbosch. 

• Shanyengana ES (1998) Desalination by Membrane and Solar 
Distillation Techniques. Ph.D. (Polymer Sci.) Thesis, Univ. of 
Stellenbosch. 

• Van der Walt A (1998) Design, Development and Character­
isation of a Transverse Flow, Tubular Membrane Reactor for 
Biochemical Reactions. M.Eng. (Chem.) Thesis, Univ. of 
Stellenbosch. 

• Van Zyl PW (1998) Semi-permeable Fluorinated Polymer 
Membranes for Gas and Water Treatment. Ph.D. (Polymer Sci.) 
Thesis, Univ. of Stellenbosch. 

• Yanic C (19 9 8) Use of Polysulphone Membranes as a Matrix for 
the Non-convalent Immobilisation of Affinity Ligands, Enzymes 
and Ions. Ph.D. (Polymer Sci.) Thesis, Univ. of Stellenbosch. 

Patents 
• Bessarabov DG, Sanderson RD and Timashev SF (1997) 

Electrically Induced Carrier Transport. SA 97/4858. 3 June. 
(Provisional). 

• Buchanan K, Leukes WD, Rose PD and Jacobs EP (1998) 
Defouling Membranes. SA 97/7805. 26 August. (Provisional). 

• Burton SG and Russell IM (1998) Immobilised Enzyme Bioprobe. 
WRC patent 97/0227. 

• Jacobs EP, Botes JP. Koen DJ and Pillay VL (1998) Filter 
Installation and Method of Operating Such Installation. 
SA 98/3255.17 April. 

H y d f o c l i m a ' t o l o g y 

Articles and papers (1998) 
• Adam BE Visser PJM, Mittermaier MP and Terblanche DE (19 9 8) 

An analysis of the 29 November 1995 Bethlehem hail storm. 
Paper presented at 15th Annu. SASAS Conf., Pretoria. 19-20 
October. 

• Jury MR (1998) Forecasting water resources in South Africa. In: 
Water Resources in Africa in the 20"' Century, IAHSProc. 275-280. 

• Jury MR (1998) Statistical analysis and prediction of KwaZulu-
Natal climate. Theor. Appl. Climatol. 60 1-10. 

• Jury MR and Parker BA (19 9 8) Cold winters over the South 
African highveld: Pattern recognition and preliminary models. 
S.Afr.J, Sci. 94 473-481. 

• Louw C, Van Heerden J and Olivier J (1998) The South African 
fog water collection experiment: Meteorological features of 
orographic clouds along the eastern escarpment of South Africa. 
Water SA 24 (3) 269-286. 

• Meyer Rand Wedepohl E (19 9 8) Radio wave tomography in the 
study of fractured rock aquifers. Proc. Geocongr. '98. 8-10 July. 
275-278. 

• Makarau A and Jury MR (1998) Predictability of Zimbabwe 
summer rainfall. Int. ]. Climatol. 17 1421-1432. 

• Mittermaier MP (1998) Radar-derived differences between 
convective and stratiform radar echoes: An objective means 
of classification. Paper presented at 15th Annu. SASAS Conf., 
Pretoria. 19-20 October. 

• Mittermaier MP and Pegram GGS (1998) Characterizing the 
vertical reflectivity profile under predominantly stratiform 
rainfall conditions. Paper presented at 15lh Annu. SASAS Conf., 
Pretoria. 19-20 October. 

• Naeraa M and Jury MR (1998) Tropical cyclone composite 
structure and impacts over eastern Madagascar during January 
-March 1994. Meteorol. Atmos. Phys. 65 43-53. 

• Nassor A and Jury MR (1998) Intra-seasonal climate variability 
of Madagascar, part 1: Mean summer conditions. Meteorol. 
Atmos. Phys. 65 31-41. 

• NassorAand Jury MR (1998) Intra-seasonal climate variability 
of Madagascar, part 2: Evolution of flood events. Meteorol 
Atmos. Phys. 65 243-254. 

• Olivier J (19 9 8) A high elevation fog water collection experiment 
in South Africa. Paper presented at 1" Int. Conf. on Fog and Fog 
Water Collection, Vancouver, Canada. 19-24 July. 

• Olivier J (1998) Fog water harvesting. Strategic Insights: Environ. 
Issues 3 (2) 1-5. 

• Olivier J (1998) Fog water harvesting along the west coast of 
South Africa. Paper presented at Int. Geogr. Union Regional 
Conf., Lisbon, Portugal. 31 August- 3 September. 

• Parker BA and Jury MR (1998) Synoptic environment of 
composite tropical cyclones in the southwest Indian Ocean. 
S. Afr. J. Marine Sci. 

• Pegram GGS and Clothier AN (1998) Space-time modelling 
in fine intervals: The "String-of-beads" model. Paper presented 
at 4th Int. Symp. on Hydrol. Appl. of Weather Radar, San Diego, 
California. April. Also at Eur. Geophys. Soc. 23 rd Gen. Assembly, 
Nice, France. April. 
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Pegram GGS and Mittermaier MP (1998) Estimating rainfall 
at low altitude, at distance from Radar CAPPI Data. Paper 
presented at 4lh Int. Symp. on Hydrol. Appl. of Weather Radar, 
Sandiego, California. 6-10 April. 

Pegram GGS andTerblanche DE (1998) Radar hydrology 
developments in South Africa. Advanced Study Course: Radar 
Hydrology for Real Time Flood Forecasting, sponsored by the 
Water Manage. Res. Centre, Univ. of Bristol and the Eur. 
Commission, Environ, and Climate Programme, Bristol. June. 

Picketh SJ, Lange L, Freiman MT, Mittermaier M, Annegarn HI, 
Helas G, Tyson PD and Terblanche D (1998) The aerosols, 
recirculation and rainfall experiment (ARREX - 9 7/98) - An 
overview. Paper presented at Joint Int. Symp. on Global Atmos­
pheric Chem., 9lh Symp. of the IAMAS Commission on Atmos­
pheric Chem. and Global Pollution (CACGP), 5th Sci. Conf. of 
the Int. Global Atmos. Chem. Project (IGAC), Univ. of 
Washington, Seattle, USA. 19-25 August. Also at 15th Annu. 
Conf. of the S. Afr. Soc. for Atmos. Sci., Univ. of Pretoria, 
Pretoria. 29-30 October. 

Rautenbach CJ de W (1998) Numerical seasonal predictions 
for South Africa with the CSIRO-9 (R21) atmospheric general 
circulation model. WRC Half-day Symp. on Numerical Seasonal 
Climate Predictions, Univ. of Pretoria, Pretoria. 28 August. 

Rautenbach CJ de W (1998) Numerical seasonal climate 
predictions: The CSIRO-9 (R21) general circulation model. 
Paper presented at South. Afr. Regional Climate Outlook Forum 
(SARCOF), Harare, Zimbabwe. 19 September- 2 October. 

Rautenbach CJ de W (1998) The CSIRO-9 AGCM and climate 
variability over Southern Africa. Paper presented at the Annu. 
AMOS Conf., Victoria Univ. of Wellington, New Zealand. 
9-12 February. 

Rautenbach CJ de W (1998) The unusual rainfall and sea 
surface temperature characteristics in the South African region 
during the 1995/96 summer season. Water SA 24 (3) 165-172. 

Rautenbach CJ de W and Smith IN (1998) Teleconnections 
between global sea-surface temperatures and the inter-annual 
variability of observed and model simulated rainfall over 
Southern Africa. School for Mining and Mineral Science. 
Research Seminar, Univ. of Pretoria, Pretoria. 18 September. 

Reason CJC and Godfred-Spenning CR (1998) SST variability in 
the South Indian Ocean and associated circulation and rainfall 
patterns over Southern Africa. Meteorol. Atmos. Phys. 66 
243-258. 

Reason CJC and Lutjeharms JRE (1998) Variability of the South 
Indian Ocean and implications for Southern African rainfall. 
S. Afr. ]. Sci. 94 (March). 

Stuart JF, Adam BF and Visser PJM (1998) Radar rainfall 
extraction scheme of the Vaal Dam catchment area. Paper 
presented at 15"' Annu. SASAS Conf., Pretoria. 19-20 October. 

Terblanche DE, Mittermaier MP, Korese NJ, Annegarn HJ and 
Piketh SJ (1998) Aerosol-cloud interactions: Effects on precipi­
tation formation. Paper presented at 15lh Annu. Conf. of the 
S. Afr. Soc. for Atmos. Sci., Univ. of Pretoria. Pretoria. 
29-30 October. 

Terblanche DE, Mittermaier MP, Kroese NJ and Annegarn H 
(1998) Aerosol-cloud interactions: Effects on precipitation 
formation. Paper presented at 15"1 Annu. SASAS Conf., 
Pretoria. 19-20 October. 

• Visser PJM (19 9 8) A method to identify the structure and 
intensity of convective storms with volumetric scanned radar 
data. Paper presented at 15th Annu. SASAS Conf., Pretoria. 
19-20 October. 

Articles and papers (1997) 
• Hargraves R and Jury MR (1997) Composite meteorological 

structure of flood events over the eastern mountains of South 
Africa. Water SA 23 (4) 357-363. 

• Makarau A and Jury MR (1997) Predictability of Zimbabwe 
summer rainfall. Int. /. Climatol. 17 1421-1432. 

• Makarau A and Jury MR (1997) Seasonal cycle of convective 
spells over southern Africa during austral summer. Int. J. 
Climatol. 17 1317-1332. 

• Olivier J (19 9 7) Fog: A possible solution to rural water problems? 
S.Afr.Geogr. J. 79 (3) 161-165. 

• Pegram GGS, Seed AW and Clothier AN (19 9 7) Temporal and 
spatial modelling of rainfields using fractals. Paper presented 
at 8lh S. Afr. Natl. Hydrol. Symp., Pretoria. November. 

Report (1998) 
• Pegram GGS and Seed AW (1998) The Feasibility of Stochastic­

ally Modelling the Spatial and Temporal Distribution of Rain-
fields. WRC Report No 550/1/98. 

I n teg ra ted w a t e r resource 
management 

Articles and papers (1998) 
• Dent MC (1998) Reflections on the phenomenon and manage­

ment implications of integration. Paper presented at National 
Rivers Initiative Conf., Univ. of Natal. June. 

• Dent MC (1998) Reflections on the concept and implementation 
of continuous improvement. Invited Keynote Paper at SA Inst. 
of Forestry Symp. April. 

• Du Plessis LA (19 9 8) A new flood damage simulation model 
for irrigation areas of South Africa: A GIS approach. Paper 
presented at S. Afr. Inst. for Agric. Eng., Port Elizabeth. 
6-8 October. 

• Du Plessis LA and Viljoen MF (1998) Estimation of total direct 
flood damage in the lower Orange River area with the aid of 
a flood simulation model - A GIS approach. Water SA 24 (3) 
201-204. 

• Du Plessis LA and Viljoen MF (1998) New technology in flood 
damage assessment: A dynamic hydraulic simulation approach. 
Paper presented at S. Afr. Inst. for Agric. Eng., Port Elizabeth. 
6-8 October. 

• Fair KA, McKenzie RS and Craig AR (19 9 8) Using real-time 
data and a flow prediction model to assist in the operation of 
the Orange River. Paper presented at Int. IDNDR Conf. on Early 
Warning Systems for the Reduction of Natural Disasters, 
Potsdam, Germany. September. 

• Grobicki A (1998) Integrated catchment mangement in 
an urban context: The Lotus River Project, Cape Town. Paper 
presented at Integrated Environ. Manage, in S. Afr. (CEMSA '98), 
East London. 9-11 February. 



• Grobicki A (1998) The Lotus catchment study: Practical 
application of integrated catchment management. Paper 
presented at CMC/SAICE/WISA Symp. on Catchment Manage., 
Univ. of the Western Cape, Bellville. 24 January. 

\ Grobicki A (1998) Urban catchment management and the 
integrated development and management of urban rivers. Paper 
presented at Conf. on the National Rivers Initiative (SASAQS 
1998), Pietermaritzburg. 29 J u n e - 1 July. 

• Whitlow CD, McKenzie RS and Fair KA (1998) Application 
of Internet technology in a real-time hydraulic model of 
the Orange River. Paper presented at Hydroinformatics Conf., 
Copenhagen. August. 

Articles and papers (1997) 
• Grobicki A and Males R (19 9 7) Integrated catchment 

management in an urban context: Evidence of point source and 
diffuse source pollution from the Lotus River Project. Poster 
presentation at 8th S. Afr. Natl. Hydrol. Symp. (SANC-IAHS), 
Pretoria. 17-19 November. 

Reports (1998) 
• Gorgens A, Pegram G, Uys M, Grobicki A, Loots L, Tanner A 

and Bengu R (1998) Guidelines for Catchment Management 
to Achieve Integrated Water Resources Management in South 
Africa. WRC Report No KV 108/98. 

• Versfeld DB, Le Maitre DC and Chapman RA (1998) Alien 
Invading Plants and Water Resources in South Africa: 
A Preliminary Assessment. WRC Report No IT 98/98. 

Thesis 
• Du Plessis LA (1998) Vloedskadesimulasie vir Besproeiings-

boerdery in die Benede Oranje- en Mfolozirivier as Onderdeel 
van 'n Volhoubare en Ge'mtegreerde Vloedvlaktebestuurstelsel. 
Ph.D. Tesis, Dept. Landbou-ekon., Univ. van die Oranje-Vrystaat, 
Bloemfontein. 

S u r f a c e h y d r o l o g y 

Articles and papers (1998) 
• Boardman J and Lorentz SA (1998) The GCTE soil erosion 

network. Proc. of the 6"' Symp. of the S, Afr. Assoc. of Geomorphol., 
Rhodes Univ., Grahamstown. 29 June - 1 July. 

• Breen CM, Dent MC and Mander M(1998) The Pongola River 
floodplain and its people. Paper presented at Int. Conf. on 
Sustainable Rural Development, Salzburg, Austria. 

• Breen CM, Mander M and DentMC(1998) Companies and 
the beneficial use of natural resources. Paper presented at 
Environmental Imperatives for Directors Conf. 25 June. 

• Kiker GA (19 9 8) No silver bullets: Using models to address 
complex rangeland problems. Paper presented at the Grassland 
Soc. of South. Afr. Congr. 33, Cedara, KwaZulu-Natal. 

• Kiker GA (1998) The South African country study on climate 
change: Organization of the vulnerability and adaptation 
section. Paper presented at the IPCC Workshop on Adaptation 
to Climate Variability and Change, San Jose, Costa Rica. 

• Kiker GA, Du Toit AS, Schulze RE, Perks L and Mahara) M 
(1998) Potential changes to maize production and selected 
speciality crops in the Republic of South Africa: Preliminary 
results of the South African country study on climate change. 
Paper presented at the IPCC Workshop on Adaptation to 
Climate Variability and Change, San Jose, Costa Rica. 

• Lorentz SA (1998) Simple models for estimating vadose zone 
water and solute transport. Paper presented at WRD Workshop 
on Vadose Zone Hydrology. August. 

• Lorentz SA and Esprey LJ (1998) Baseline hillslope study prior 
to afforestation in the Umzimvubu headwaters of the North East 
Cape Province, South Africa. In: Kovar K, Tappeiner U, Peters NE 
and Craig RG (eds.) Hydrology, Water Resources and Ecology in 
Headwaters. Proc. of the HeadWater '98 Conf, Meran/Merano, 
Italy. 20-23 April. 267-273. 

• LumsdenTG, Lecler NL and Schulze RE (1998) Simulation 
of sugarcane yield at the scale of a mill supply area. Paper 
presented at SASTA Congr., ICC, Durban. 

• Lynch SD (1998) Converting point estimates of daily rainfall 
onto a rectangular grid. Paper presented at 3rd Int. Conf. on 
GeoComputation, Univ. of Bristol. Bristol, UK. 

• Lynch SD (19 9 8) The watershed data management (WDM) 
system. Paper presented at the Inst. of Hydrol., Wallingford, UK. 

• Pike A (1998) Modelling scenarios of land use change on hydro-
logical responses in the Sand catchment. Contribution to Pollard 
et al. (1998) Save the Sand, Phase 1. Report by AWARD to DWAF. 

• Pike A (19 9 8) Questions facing hydrological modellers in 
the KNPRRP. Paper presented at the Natl. Rivers Initiative, 
Pietermaritzburg. 

• Rutherford MC, Powrie LW and Schulze RE (1998) Climate 
change in conserved areas of South Africa and its potential 
impact on vegetation. Paper presented at GCTE-LUCC Open Sci. 
Conf. on the Earth's Changing Land, Barcelona, Spain. 

• Schulze RE (1998) Concepts and applications of agrohydro-
logical responses to climate change at different scales of space 
and time. Paper presented at GCTE-LUCC Open Sci. Conf. on 
the Earth's Changing Land, Barcelona, Spain. 

• Schulze RE (1998) El Nino and the variations of water resources 
in South Africa. Paper presented at Kolloquium zur Klimatologie 
und Hydrologie. Swiss Federal Univ., Zurich, Switzerland. 

• Schulze RE (1998) Hydrological impacts of land use and climate 
change: Case studies from southern Africa. Invited Keynote 
Address at 5th Symp. of the Sci. Advisory Council of the Int. 
Geosphere-Biosphere Programme, Nairobi, Kenya. 

• Schulze RE (19 9 8) Hydrologie von semi-ariden Gebieten. 
Lecture Series, Swiss Federal Univ., Zurich, Switzerland. 

• Schulze RE (1998) Sensitivity of land use impacts when model­
ling hydrological responses: Examples from South Africa. Paper 
presented at GCTE-LUCC Open Sci. Conf. on the Earth's 
Changing Land, Barcelona, Spain. 

• Schulze RE, Hallowes J, Lynch SD, Perks LA and Horan MJC 
(1998) Forecasting Seasonal Runoff in South Africa: A 
Preliminary Investigation. Report to CRG/Eskom. 19 pp. 

• Schulze RE and Horan MJC (1998) Assessment of the Impact of 
Natural Vegetation Clearance for Commercial Protea Farming 
on Streamflow and Sediment Yield in the Upper Molen River 
Catchment. ACRUcons Report 24, Dept. of Agric. Eng., Univ. of 
Natal. 16 pp. 
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• Schulze RE, Horan MJC, Shange SN, Ndlela RM and Perks LA 
(1998) Hydrological impacts of land use practices in the 
Pongola-Bivane catchment, Phase 3: Impacts of afforestation 
on streamflows and of irrigation abstractions on Paris Dam. 
ACRUcons Report 26, Dept. of Agric. Eng., Univ. of Natal. 58 pp. 

• Schulze RE, Perks LA, Kiker G A and Mahara] M (19 9 8) Model­
ling potential changes of frost occurrence in South Africa with 
climate change. Paper presented at GCTE-LUCC Open Sci. Conf. 
on the Earth's Changing Land, Barcelona, Spain. 

• Schulze RE, Perks LA and Kiker GA (1998) Modelling spatial 
and temporal hydrological responses to global change over 
South Africa: Techniques, first results and challenges. Paper 
presented at the IPCC Workshop on Adaptation to Climate 
Variability and Change, San Jose, Costa Rica. 

• Schulze RE, Taylor V and Pike A (1998) Sensitivity of hydro-
logical responses to land use: Results from a modelling study 
in the Pongola-Bivane catchment, South Africa. In: Wheater H 
and Kirby C (eds.) Hydrology in a Changing Environment Vol 2. 
Wiley and Sons, Chichester, UK. 537-552. 

• Smith CW, Johnston MA and Lorentz SA (1998) Evaluation 
of the Gupta and Allmaras model in predicting compressibility 
of forestry soils, Research Note. Soil Sci. Soc. of Am, ]. 

• Smithers JC, Schulze RE, Horan MJC, Chetty K and Royappen M 
(1998) Hydrological study of the Bedford and Braamhoek hydro­
electric pump storage scheme. ACRUcons Report 25, Dept. of 
Agric. Eng., Univ. of Natal. 26 pp. 

• Smithers JC, Schulze RE and Pegram GG (19 9 8) Techniques for 
estimating short duration design storms in South Africa. Paper 
presented at AGU Spring Meeting, Boston. 

Articles and papers (1997) 
• De Roo APJ, Jetten VG and Lorentz SA (19 9 7) Validating soil 

erosion models at the catchment scale. In: De Roo APJ, Jetten VG 
and Lorentz SA (eds.) Soil Erosion and Sediment Yield Modelling 
at the Catchment Scale. Proc. of GCTE "Soil Erosion Network" and 
Conf, Global Change: Modelling Soil Erosion by Water at the Catch­
ment Scale, Utrecht. April. 

• Gorgens AHM and Boroto RA (1997) Limpopo River: Flow 
balance anomalies, surprises and implications for integrated 
water resources management. Paper presented at 8th SA Natl. 
Hydrol. Symp., Pretoria. 

• Lecler NL (19 9 7) Integrated methods and models for deficit 
irrigation planning. In: Peart RM and Curry RG (eds.) 
Agricultural Systems Modelling and Simulation. Marcel Dekker 
Inc., NY, USA. 283-300. 

• Lecler NL and Lumsden TG (199 7) Development and evaluation 
of a computing system for forecasting regional sugarcane 
production. Paper presented at the Biol. Simulation Forum, 
SASEX, Mount Edgecombe. 

• Lecler NL, Pike A and Schulze RE (19 9 7) Generation of stream-
flow forecasts in South Africa using seasonal categorical rainfall 
predictions. Agric. Eng. in SA 29 (1). 

• Lorentz SA (19 9 7) Dependence of the formation factor on 
porous media properties. In: Van Genuchten MTh, Leij FJ and 
Wu L (eds.) Characterization and Measurement of the Hydraulic 
Properties of Unsaturated Porous Media. Proc. of an Int. Workshop, 
Riverside, California. 22-24 October. 

• Lorentz SA (19 9 7) Hydraulic properties measurement using 
a controlled outflow cell. In: Van Genuchten M Th, Lei) FJ and 
Wu L (eds.) Characterization and Measurement of the Hydraulic 
Properties of Unsaturated Porous Media. Proc. of an Int. Workshop, 
Riverside, California. 22-24 October. 

• Lorentz SA and Howe BJ (19 9 7) The ACRU model. In: De Roo 
APJ, Jetten VG and Lorentz SA (eds.) Soil Erosion Network Conf, 
Global Change: Modelling Soil Erosion by Water at the Catchment 
Scale, Utrecht. April. 

• Schulze RE (19 9 7) Successes and failures of past and current 
water management strategies during El Nino events. Invited 
Keynote Address to 5lh Annu. World Bank Conf. on Environ. 
Develop., Washington DC, USA. 

• Schulze RE, Horan MJC and Perks LA (1997) Water Resources 
Assessment in the Nadi Catchment for Community Require­
ments at Ehlazeni. ACRUcons Report 22, Dept. of Agric. Eng., 
Univ. of Natal. 26 pp. 

• Schulze RE, Pike A, Howe BJ and Maharaj M (199 7) Analysis of 
Potential Timber Yield and of Hydrological Impacts from Exotic 
Plantations in the Former Homelands of South Africa. ACRUcons 
Report 23, Dept. of Agric. Eng., Univ. of Natal. 36 pp. 

• Smith CW, Johnston MA and Lorentz SA (1997) Assessing the 
compaction susceptibility of South African forestry soils: II, Soil 
properties affecting compactability and compressibility. Soil and 
Tillage Research 43 335-354. 

Report (1998) 
• Everson CS, Molefe GL and EversonTM (1998) Monitoring and 

Modelling Components of the Water Balance in a Grassland 
Catchment in the Summer Rainfall Area of South Africa. WRC 
Report No 493/1/98. 

• Scott DF and Le Maitre DC (1998) The Interaction Between 
Vegetation and Groundwater Research Priorities for South 
Africa. WRC Report No 730/1/98. 

Report (1997) 
• Smakhtin VY and Watkins DA (19 9 7) Low Flow Estimation in 

South Africa. WRC Report No 494/1/9 7. 

Theses 
• Esprey LJ (19 9 8) Hillslope Experiments intheNorthEastCape 

Region to Measure and Model Subsurface Flow Processes. M.Sc. 
Thesis, Univ. of Natal. 

• Kiker GA (1998) Development and Comparison of Savanna 
Ecosystem Models to Explore the Concept of Carrying Capacity. 
Ph.D. Thesis, Cornell University, USA. 



Conservat ion o f w a f e r ecosystems 

Articles and papers (1998) 
• Adams JB and Bate GC (19 9 8) Floristic Characteristics of the 

Palmiet Estuary - Input to Palmiet Water Resource Management 
Plan. Report prepared for Environmentek, CSIR on behalf of 
DWAF. 24 pp. 

• Adams JB and Bate GC (1998) Freshwater requirements of 
South African estuaries: Case studies and key issues. Paper 
presented atECSA 29: Estuarine Coastal Sci. Assoc. Symp., 
Dniv. of Port Elizabeth. 13-17 July. 

• Adams JB, Colloty BM and Bate GC (1998) Floristic Character­
istics of the Swartkops Estuary - Input to a Water Resource 
Management Plan. Report prepared for Environmentek, CSIR 
on behalf of DWAF. 23 pp. 

• Arthington A and Lloyd R (1998) Logan River Trial of the 
Building Block Methodology for Assessing Environmental Flow 
Requirements (A series of reports recording a joint project 
involving the Centre for Catchment and Instream Research, 
Griffith Univ., Brisbane, the Queensland Dept. of Natural 
Resources, UCT. WRC and DWAF). 

• Birkhead AL and James CS (1998) Modelling geomorphic 
change in the Sabie River, South Africa. Paper presented at 
HydraStorm, Int. Conf. on Hydraulics in Civil Eng., Adelaide, 
Australia. September. 

• Boelhouwers JC (1998) Periglacial Geomorphology in Southern 
Africa: A Bibliograpy. Occasional Paper Number 8. South. Afr. 
Assoc. of Geomorphol. (SAAG). Series Editors: Dollar ESJ and 
Du Plessis AJE, SAAG, Grahamstown. 

• Colloty B (1998) Rating the importance of estuarine tlora. 
Veld and Flora S4 35. 

• Colloty BM, Adams JB and Bate GC (1998) Assessment of 
changes in estuaries over time. Paper presented at ECS A 29: 
Estuarine Coastal Sci. Assoc. Symp., Univ. of Port Elizabeth. 
13-17 July. 

• Colloty BM. Adams JB and Bate GC (1998) The Botanical 
Importance of Estuaries in the Former Ciskei/Transkei Region. 
WRC Project K5/812: Progress Report. 34 pp. 

• Colloty BM, Adams JB and Bate GC (1998) The Use of Botanical 
Importance Rating System to Assess Changes in the Flora of the 
Swartkops Estuary. Report prepared for Inst. for Water Quality 
Studies, DWAF. 27 pp. 

• Dollar ESJ (1998) Fluvial Geomorphology in Southern Africa: A 
Bibliography. Occasional Paper Number 7, South. Afr. Assoc. 
of Geomorphol. (SAAG). Series Editors: Dollar ESJ and Du Plessis 
AJE, SAAG, Grahamstown. 

• Dollar ESJ (1998) Geomorphology. In: LouwD (ed.) Mkomazi IFR 
Study Starter Document. IWR Environmental, Pretoria. 

• Dollar ESJ (1998) Geomorphology. In: LouwD (ed.) Selatil 
Olifants Flow Impact Assessment. IWR Environmental, Pretoria. 

• Dollar ESJ (1998) Palaeofluvial geomorphology in Southern 
Africa: A review. Progress in Phys. Geogr. 22 (3) 325-349. 

• Dollar ESJ (1998) Palaeofluvial Geomorphology in Southern Africa: 
A Bibliography. Occasional Paper Number 5, South. Afr. Assoc. 
of Geomorphol. (SAAG). Series Editors: Dollar ESJ and Du Plessis 
AJE, SAAG, Grahamstown. 

Du Plessis AJE (1998) The response of two interrelated compo­
nents. geomorphology and riparian vegetation, to interbasin 
water transfers in the Orange-Fish-Sundays Interbasin Transfer 
Scheme. In: Rowntree KM (ed.) Proc. of the South. Afr. Assoc. of 
Geomorphol. Bienn. Conf, Grahamstown. 28 June - 1 July. 
221-230. 

Joubert A and Scott L (1998) Environmental management and 
multi-criteria decision making. Poster presentation at the Int. 
Assoc. for Impact Assessment Conf. on Innovative Tool and 
Methods: Meeting the Challenge of IEM in South Africa, 
Cathedral Peak, Drakensberg. 30 September- 2 October. 

King J (1998) Sustainable use of rivers. Lecture Series in Taiwan, 
funded by the Taiwan Provincial Water Resources Bureau. 
October. 

King J. Cambray JA and Impson D (1998) Linked effects of dam-
released floods and water temperature on spawning of the 
Clanwilliam yellowfish Barbus capensis. Hydrobiol. 

Kleynhans CJ (1998) A fish index for the assessment of bio­
logical integrity of South African rivers. Paper presented at Int. 
Conf. on Assessing the Ecol. Integrity of Running Waters, 
Vienna, Austria. 9-11 November. 

Mackenzie JA, Rogers KH (1998) The role of the regeneration 
niche in maintaining riparian species diversity: The Sabie River, 
Kruger National Park. Paper presented at the S. Afr. Assoc. of 
Bot. Annu. Conf.. Univ. of Cape Town. 

Mackenzie JA, Van Coller AL, Rogers KH and Bestbier RX (1998) 
An approach to rule based modelling for the management of the 
riparian vegetation: The Sabie River within the Kruger National 
Park. Paper presented at the S. Afr. Assoc. of Bot. Annu. Conf., 
Univ. of Cape Town. 

Mackenzie JA, Van Coller AL and Rogers KH (1998) An 
approach to rule based modelling for the management of the 
riparian vegetation: The Sabie River within the Kruger National 
Park. Paper presented at the Kruger National Park Annu. Res. 
Meeting. Skukuza. 

Mackenzie JA, Van Coller AL, Rogers KH (1998) Purposeful 
modelling for prediction in river management. Paper presented 
at the National Rivers Initiative hosted by the S. Afr. Soc. of 
Aquatic Sci. (SASAQS), Univ. of Natal, Pietermaritzburg. 

Olivier MJ and Rossouw NJ (1998) Coastal Geomorphology in 
Southern Africa: A Bibliography. Occasional Paper Number 4, 
South. Afr. Assoc. of Geomorphol. (SAAG). Series Editors: 
Dollar ESJ and Du Plessis AJE, SAAG, Grahamstown. 

Palmer CG, Scherman P-A and Muller WJ (1998) The role of 
aquatic toxicology, ecotoxicology and biomonitoring in the risk-
based management of rivers, and a consideration of the future of 
aquatic toxicological research, in South Africa. Paper presented 
at the Natl. Rivers Initiative, Pietermaritzburg. 29 June - 1 July. 

Roux DJ (1998) The National River Health Programme as a 
tool in effective water resource management. Paper presented 
at the S. Afr. Affiliate of the Int. Assoc. of Impact Assessment -
Innovative Tools and Methods for Meeting the Challenge of 
IEM in South Africa. Cathedral Peak Hotel, Drakensberg. 
30 September - 2 October. 

Rowntree KM (1998) Geographical Frameworks for Ecological 
Research and River Management. Abstract in Proc. of the Natl. 
Rivers Res. Initiative, SASAQS, Pietermaritzburg. July. 
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Rowntree KM (ed.) (1998) Proc. of the South. Afr. Assoc. of 
Geomorphol Bienn. Conf, Grahamstown. 28 June - 1 July. 
238 pp. 

Rowntree KM and Dollar ESJ (1998) Geomorphology. In: Louw D 
(ed.) Mhlatuze IER Study Starter Document. IWR Environmental, 
Pretoria. 

Rowntree KM, Wadeson RA and O'Keeffe JH (1998) 
Geomorphological zonation for ecological river typing. In: 
Rowntree KM (ed.) Proc. of the South. Afr. Assoc. of Geomorphol. 
Bienn. Conf, Grahamstown. 28 J u n e - 1 July. 127-140. 

Rowntree KM and Ziervogel G (1998) Development of a 
Geomorphological Index for the Assessment of River Health. 
Report to the River Health Programme. October. 

Scott D and Oelofse C (1998) Public participation in environ­
mental decision-making. In: Preston-Whyte R and O'RiordanT 
(ed.) Back from the Brink. Oxford Univ. Press, Cape Town. 

Scott D and Rycroft A (1998) Environmental mediation: A case 
study in participative problem solving. SA J, of Environ. Law 5 
87-97. 

Snow GC, Adams JB and Bate GC (1998) Predicting the effects of 
reduced freshwater inflow on estuarine microalgae. Paper 
presented at ECS A 29: Estuarine Coastal Sci. Assoc. Symp., Univ. 
of Port Elizabeth. 13-17 July. 

Snow G, Bate GC and Adams JB (1998) Towards the predicitive 
capability of reduced freshwater flow on estuarine microalgae. 
Paper presented at 15lh Congr. of the Phycol Soc. of South. Afr., 
Simon's Town, Western Cape Province. 18-21 January. 

Stewart TJ (1998) Multicriteria decision aid and natural 
resources management. Keynote paper presented at the Int. 
Conf. on Math, for Ind., Bulawayo, Zimbabwe. October. 

Stewart TJ (1998) Policy decisions in the public sector: Can 
MCDA make a difference? Paper presented at the 14th Int. Conf. 
on Multiple Criteria Decision Making, Charlottesville, Virginia. 
June. 

Stewart TJ and Joubert A (1998) Conflicts between conservation 
goals and land use for exotic forest plantations in South Africa. 
In: E Beinat and P Nijkamp (eds.) Multicriteria Analysis for Land-
Use Management. Kluwer Academic Publishers. 17-31. 

Sumner PD and Meiklejohn PD (1998) Weathering and Slope 
Processes in Southern Africa: A Bibliography. Occasional Paper 
Number 6, South. Afr. Assoc. of Geomorphol. (SAAG). Series 
Editors: Dollar ESJ and Du Plessis AJE, SAAG, Grahamstown. 

Van Coller AL and Rogers KH (1998) Environmental gradients 
versus hierarchical patchiness as a basis for understanding 
riparian vegetation pattern. Paper presented at the S. Afr. Assoc. 
of Bot. Annu. Conf., Univ. of Cape Town. 

Van Coller AL and Rogers KH (1998) Spatial pattern in riparian 
vegetation: A gradient versus patch hierarchy perspective. Paper 
presented at the Kruger National Park Annu. Res. Meeting, 
Skukuza. 

Van der Molen JS, Adams JB and Bate GC (1998) Light and 
electron microscopic observations of the epibenthic diatom 
Cocconeis placentula Ehrenberg. Poster presentation at the 15th 

Congr. of the Phycol. Soc. of South. Afr. (PSSA), Simon's Town. 
18-21 January. 

Van der Molen JS, Adams JB and Bate GC (19 9 8) The composi­
tion of epilithic diatom communities in relation to water quality 
in some South African river systems. Paper presented at the 15h 
Int. Diatom Symp., Perth, Australia. 28 September - 2 October. 

• Van der Molen JS, Adams JB and Bate GC (199 8) The Composi­
tion of the Diatom Flora of Rivers in the Eastern Cape. WRC 
Report K5/814: Progress Report. 34 pp. 

• Van Hutten T, Bate GC, Colloty BM and Adams JB (19 9 8) The 
dynamics of microalgae in temporarily closed estuaries. Paper 
presented at ECSA 29: Estuarine Coastal Sci. Assoc. Symp., Univ. 
of Port Elizabeth. 13-17 July. 

• Van Vuren JHJ (1998) Water quality of the Olifants River, 
Northern Province. Paper presented at Intersci. 98, Univ. of 
the North. October. 

• Van Vuren JHJ, Barnhoorn I, Coetzee L and Nussey G (1998) 
Osmoregulation as indicator of aquatic pollution. Paper 
presented at Annu. Conf., Eur. Soc. for Comparative Biochem. 
and Physiol., Univ. of Turku, Finland. August. 

• Watson HK (1998) Erosion, Sediment Yield and Sediment Transport 
in Southern Africa: A Bibliography. Occasional Paper Number 3, 
South. Afr. Assoc. of Geomorphol. (SAAG). Series Editors: Dollar 
ESJ and Du Plessis AJE, SAAG, Grahamstown. 

• Wortmann J, Hearne JW and Adams JB (1998) Evaluating the 
effects of freshwater inflow on the distribution of estuarine 
macrophytes. Ecol. Modelling 106 213-232. 

• Zokufa TS (1998) The effects of kraft effluent on Tricorythus sp. 
of the Sabie River. Paper presented at the Kruger National Park 
Symp., Goldfields Centre, Skukuza. 13-14 August. 

Articles and papers (1997) 
• Cambray JA, King JM and Bruwer C (19 9 7) Spawning behaviour 

and early development of the Clanwilliam yellowfish (Barbus 
capensis; Cyprinidae), linked to experimental dam releases in the 
Olifants River, South Africa. Regulated Rivers: Res. and Manage. 
13 579-602. 

• Eekhout S, King JM and Wackernagel (1997) Classification of 
South African Rivers. Volume 1. Department of Environment 
Affairs and Tourism, Pretoria. 

• Heritage GL, Birkhead AL and Broadhurst LJ (19 9 7) The 
influence of flow regime and channel type on sediment transport 
characteristics of a mixed alluvial-bedrock river. Paper presented 
at 3rd Int. Conf. on River Hydraulics, Stellenbosch. November. 

• Jewitt GPW, Gorgens AHM, Weeks DC, O'Keeffe JH, Heritage GL 
and Van Niekerk A (1997) The impact of flood attenuation on 
the common fish species of the Sabie River system, Mpuma-
langa, South Africa: A knowledge-based exercise. Paper 
presented at 3rd Int. Conf. on River Hydraulics, Stellenbosch. 
November. 

• Rowntree KM and Wadeson RA (19 9 7) A hierarchical geo­
morphological model for the assessment of instream flow 
requirements. Geo-eko Plus 4 85-100. 

• Scott D (199 7) Is public participation in the pipeline? A social 
impact assessment of marine waste disposal in southern 
KwaZulu-Natal. Paper presented at Spec. Conf. on Chem. 
Process Ind. and Environ. Manage., Cape Town. September. 

Reports (1998) 
• Breen CM, Dent M, O'Keeffe J, Quinn N and Rogers K (1998) 

Meeting the Water Quantity and Quality Needs of the Natural 
Environment of Rivers: The Contribution of the KNPRRP. 
WRC Report No TT 106/98. 

• Dallas H and Janssens P (1998) The Biological and Chemical 
Database: User Manual. WRC Report No TT 100/98. 



• Jewitt GPW. Heritage GL, Weeks DC, Mackenzie JA, Van Niekerk 
A, Gorgens AHM. O'Keeffe], Rogers K and Horn M (1998) 
Modelling Abiotic-Biotic Links in the Sabie River. WRC Report 
No 777/1/98. 

Theses 
• Nussey N (1998) Metal Ecotoxicology of the Upper Olifants River 

at Selected Localities and the Effect of Copper and Zinc on Fish 
Blood Physiology. Ph.D. Thesis, Rand Afr. Univ. 

• Simpson R (19 9 7) Critical Hydraulic Conditions for the Mobili­
sation of Sediments in a Cape River. M. Eng. Thesis, Univ. 
of Stellenbosch. 

M i n e w a t e r 

Articles and papers (1998) 
• Annandale JG (1998) Irrigating with gypsiferous mine water. 

S. Afr. J. of Sci. 94 359 360. 

• Greager IP, Brouckaert CJ and Loveday BK (19 9 8) Application 
of the Carix process to the treatment of acid mine drainage. 
Paper presented at WISA 98 Bienn. Conf. and Exhib., Cape 
Town. 4-7 May. 

• Jovanovic NZ and Annandale JG (1998) Measurement of radiant 
interception of crop canopies with the LA-200 plant canopy 
analyzer. S. Afr. j . Plant and Soil 15(1)6-13. 

• Jovanovic NZ and Annandale JG (19 9 8) Modelling crop salt 
tolerance under different environmental conditions. Paper 
presented at Joint Congr. Soils and Crops Towards 2000. Alpine 
Heath, KwaZulu-Natal. January. 

• Jovanovic NZ and Annandale JG (1998) Soil and aerial environ­
ment affects crop salt tolerance - A modelling study. Appl. Plant 
Sci. 12(2)39-42. 

• Jovanovic NZ, Barnard RO, Rethman NFG and Annandale JG 
(1998) Crops can be irrigated with lime-treated acid mine 
drainage. Water SA 24 (2) 113-122. 

Reports (1998) 

• Barnard RO, Rethman NFG, Annandale JG, Mentz WH and 
Jovanovic NZ (1998) The Screening of Crop, Pasture and Wet­
land Species for Tolerance of Polluted Water Originating in Coal 
Mines. WRC Report No 582/1/98. 

• Howard MR and Perkins M (1998) Information Transfer, 
Extraction and Management Systems (ITEMS). WRC Report 
No TT 94/98. 

Report (1997) 

• James AR (199 7 The Prediction of Pollution Loads from 
Coarse Sulphide-Containing Waste Materials. WRC Report 
No 559/1/97. 

Thesis 
• Modinger H (1998) Micro-organisms Involved in Iron Oxidation 

and Acid Mine Drainage Formation in KwaZulu-Natal and their 
Control by Soil Covers in Coal Waste Dumps. M.Sc. Thesis, Univ. 
of Stellenbosch. 

W a t e r p o l i c y 

Report (1998) 
• Department of Water Affairs and Forestry and Water Research 

Commission (1998) Water Law Implementation Process: 
A Strategic Plan for the DWAF to Facilitate the Implementation 
of Catchment Management in South Africa. WRC Report 
No KV 107/98. 

H y d r a u l i c s 

Articles and papers (1998) 
• Armitage NP (1998) The removal of urban litter from storm-

water conduits and streams in South Africa: Selecting a trapping 
system. Paper presented at HydraStorm, Int. Conf. on Hydraulics 
in Civil Eng., Adelaide, Australia. September. 

• Armitage NP (1998) The removal of litter from stormwater 
conduits in the developing world. Paper presented at 4th Int. 
Conf. on Dev. in Urban Drainage Modelling. London, United 
Kingdom. September. 

• Basson GR (1998) Prediction of sediment induced density 
current formation in reservoirs. Proc. ICHE, Cottbus, Germany. 

• Basson GR (1998) The development of a new sediment transport 
equation based on applied stream power. Proc. 7"' Int. Symp. on 
River Sedimentation, Hong Kong. 

Articles and papers (1997) 
• Loubser C and Rossouw J (19 9 7) A new structure for discharge 

measurement in sediment laden rivers. Paper presented at 3rd 

Int. Conf. on River Hydraulics, Stellenbosch. November. 

• Wessels P (19 9 7) The calibration of compound crump gauging 
weirs in South Africa. Paper presented at Int. Conf. on River 
Hydraulics, Stellenbosch. November. 

Reports (1998) 
• Armitage N, Rooseboom A, Nel C andTownshend P (1998) 

The Removal of Urban Litter from Stormwater Conduits and 
Streams. WRC Report No TT 95/98. 

• Rossouw J, Loubser C, Rooseboom A and Bester A (1998) 
Sluicing Flumes: A New Structure for Discharge Measurement 
in Sediment-Laden Rivers. WRC Report No TT 103/98. 

Report (1997) 
• Basson GR and Rooseboom A (1997) Dealing with Reservoir 

Sedimentation. WRC Report No TT 91/97. 
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2 Articles and papers (1998) 
_, • Kibata N (1998) Interwater: Your internet gateway to water 
•^ and sanitation information. Poster presentation at Int. Training 

Network for Water and Sanitation (ITN) Conf., Pretoria. 
1-5 December. 

• Kibata N, Buckley CA and Otieno FAO (1998) The Internet and 
computing in the next millemum and beyond: Opportunities 
and challenges for the water and sanitation sector. Paper 
presented at Beyond 2000, SA Inst. of Civil Eng., 20th Annu. 
Symp. on Computers in Eng., Technikon Conf. Centre, Port 
Elizabeth. 30 September. 

• Kibata N, Otieno FAO and Buckley CA (1998) Modelling Internet 
based communication for water and sanitation: Information 
needs. Paper presented at 10"1 Int. Global Meeting and Afr. Conf., 
Nairobi. 30 November- 3 December. 

• Pretorius MM (1998) Water research, electronic journals and 
databases -The South African way. Paper presented at 24th 

IAMSLIC and 17th PLC Conf., Electronic Information and 
Publications: Looking to the Electronic Future, Let's not Forget 
the Archival Past. Reykjavik, Iceland. 20-25 September. 
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