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The year under review 

The diverse number of research fields 
supported by the Water Research 

Commission (WRC) bears testimony to 
its multidisciplinary approach to water 
research. The research fields and allo­
cation of funds to the various fields for 
1995 are indicated in the accompanying 
bar chart. 

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

Research 
sector 

Number % 
of times 
involved 

Universities 134 53 

CSIR 51 20 

Consultants 26 10 

Government departments 2 1 

Local authorities 4 2 

Water boards 15 6 

Other organisations 19 8 

Total 251 100 

From the figures it is evident that univer­
sities are involved in 53% of the total 
number of contracts. The number of 
times that organisations are involved, 
namely 251, exceeds the number of pro­
jects supported, for the reason that more 
than one organisation is, in certain cases, 
involved in the execution of a project. In 
1995 the WRC financially supported 244 
projects at a budgeted amount of 
R37 779 200. 

In addition to the direct funding of 
contractual research projects, the WRC 
also finances 2 research support services, 
namely: 

• The SA Water Information Centre 
(SAWIC) 

8 The Computing Centre for Water 
Research (CCWR). 

While the activities pertaining to the 
past year will be reported on in the 
various chapters, certain highlights 
will be singled out in this chapter. 

A L L O C A T I O N OF F U N D S (%) T O T H E V A R I O U S F I E L D S D U R I N € 1 9 9 5 

Drinking water 9,15% 

General 2,56% :za 
2,89% Membrane technology 2,89% TZZ3 2,89% 

2,91% Hydrometeorology 2,91% "~I39 
Water resource management 3,40% ; m 
Municipal effluents 4,38% " v:~z3 
Water pollution 4,45% - - . - - . . . J 

Mine water 4,69% 

Groundwater 6,12% 

Industrial water and effluent 7,69% 

Conservation of water ecosystems 9,16% 

Agricultural water utilisation 9,36% 

Rainfall stimulation 9,69% 

Surface hydrology 10,22% 

Developing communities 13,33% 
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WRC reconstituted 

The term of office of WRC members 
lapsed on 31 July 1995. After nomi­

nations for appointment had been invi­
ted through a press advertisement, the 
Minister of Water Affairs and Forestry 
appointed the following members to the 
Commission: 

Prof Colin Johnson (Chairman), Dean 
of the Science Faculty, University of the 
Western Cape and Professor of Botany. 
He takes over from Mr Braam Rauben-
heimer, the former Minister of Water 
Affairs 

Prof Peter Tyson (Vice-Chairman), 
Director of the Climatology Research 
Group, University of the Witwatersrand 

IVIr Vincent Bath, Chief Executive of 
Rand Water 

Ms Diana Callear, an agricultural eco­
nomist and Rural Development Research 
Manager at the Land and Agriculture 
Policy Centre 

Ms Angie Phaliso of ABA's Africa 
Growth Network and Treasurer of the 
Soweto Civic Association 

Prof Albert Rooseboom, Head of the 
Water Engineering Section at Stellen-
bosch University's Department of Civil 
Engineering. 

MrTinus Erasmus, Director-General of 
the Department of Water Affairs and 
Forestry, and 

Mr Piet Odendaal, Executive Director of 
the WRC, are ex officio members of the 
Commission. 

Novel membrane tech­
nology for rural water 
treatment 

The WRC is funding the development 
of novel membrane technologies with 

the Institute for Polymer Science (IPS), 
University of Stellenbosch. The IPS has 
developed a low-pressure ultrafiltration 

membrane which already shows excep­
tional potential as a cost-effective 
process for providing potable water to 
small and medium-sized rural communi­
ties. 

A first demonstration plant of 12 m3/d 
has now been in operation near Stellen­
bosch for more than a year. The raw 
water intake to the system is derived 
from the Theewaterskloof scheme. The 
water has a high microbial and colour 
content and is also extremely corrosive, 
due to a low carbonate alkalinity. The 
demonstration plant has consistently 
produced high quality potable water at 
relatively low cost, and without any pre-
treatment. 

As part of a technology transfer initia­
tive, the technology will now be further 
evaluated at the M L Sultan Technikon in 
Durban with a view to training students 
in the application of the technology. 
Negotiations are also ongoing between 
the WRC, the IPS and the management 
of the Transkei Appropriate Technology 
Unit to evaluate the technology in 
remote rural villages in the former 
Transkei. 

Mr Arthur Clayton, City Engineer of 
Cape Town 

Prof Bryan Davies, Director of the 
Freshwater Research Institute at the Uni­
versity of Cape Town's Zoology Depart­
ment 

Mr Musa Furumele, a professional 
engineer at Goba Moahloli and Associ­
ates Inc., a consulting engineering and 
development management firm 

Dr Ania Grobicki, Managing Director of 
the Environmental Consultancy Firm, 
Abbott Grobicki (Pty) Ltd 

Dr Hamanth Kasan, Head of the 
Biotechnology Department at Natal Tech­
nikon 

Mr Bhekuyise Langa, Executive Official 
of the E-Bank Division at Standard Bank 

Prof Kingston Nyamaphene, Dean of 
the Faculty of Agriculture and Professor 
of Soil Science at the University of Fort 
Hare 

i\ 

i' : -

Cross-flow microfiltration unit for rural water supply. 
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UNESCO Mission to 
South Africa 

During the period of 6 to 13 Decem­
ber 1995 four meetings were organ­

ised under UNESCO auspices by the 
WRC on different aspects of total inter­
disciplinary risk and crisis management 
(cindynics). The meetings involved: 

• Representatives of universities, with a 
view to identifying their interest and 
needs regarding the introduction of 
new approaches to risk and crisis 
management at various levels of 
training (6 to 7 December). 

s Decision-makers representing insu­
rance companies, municipalities and 
government authorities with a view to 
discussing ways in which they could 
further develop risk and crisis manage­
ment in their fields of interest, benefi­
ting from the new approach to train­
ing, research, information and 
communication on this matter 
(8 December). 

o Communication specialists with a view 
to clarifying their interest in develo­
ping risk-communication and impro­
ving access to relevant information 
resources (12 December). 

• Institutions involved in the training of 
communication specialists, with a view 
to identifying the interest in and possi­
bilities of introducing risk communica­
tion and information support compo­
nents in the training program offered 
by them (13 December). 

The UNESCO delegation consisted of 
Mr P Vasarheiyi of the Division of the 
General Information Programme, 
Prof L Faugeres from the University of 
Sorbonne, Paris and Mr C Collin, crisis 
manager for the city of Marseilles 
(France). They were later joined by Ms 
Susan Santos, communication specialist 
from the USA. 

Internet information 
system for water supply 
and sanitation 

The Pollution Research Group (PRG), 
University of Natal, developed an 

Internet information system for the WRC 
called EMILY (Electronic Membrane infor­
mation LibrarY), aimed at promoting free 
exchange of and access to information 
relating to membrane technology. Based 

on the success of this system (introduced 
in 1994), the International Association 
on Water Quality (IAWQ) charged the 
PRG to develop a similar system for the 
water supply and sanitation sector, called 
WENDY (Water Supply and Sanitation 
Electronic Network for Developing Coun-
trY Needs). WENDY is now being deve­
loped jointly by the University of Natal 
and the University of Durban-Westville. 

The WRC has been involved in the 
development of WENDY from the outset, 
in that WENDY will be based at the 
WRC-funded Computing Centre for 
Water Research (CCWR). Key partners 
who quickly joined the initiative in ma­
king their databases available and in col­
laborating in the development of the 
system are: IRC (International Reference 
Centre on Water and Sanitation), The 
Hague, Netherlands; the United Nations 
Centre for Human Settlements (Habitat), 
Nairobi, Kenya; EHP (Environmental 
Health Programme, USAID), Washington 
DC, USA; and WEDC (Water, Engineering 
and Development Centre), Loughbo-
rough University of Technology, UK. All 
these organisations are participating in a 
steering committee which has been set 
up for the WENDY initiative. 

At the 3rd Global Forum of the Water 
Supply and Sanitation Collaborative 
Council, held in Barbados, 30 October to 
3 November 1995, WENDY was accep­
ted as a mandated activity of the Coun­
cil, as a tool for information dissemina­
tion and for assisting in the co-ordination 
of the Council's activities. For this pur­
pose WENDY will be attended to by an 
existing Working Group of the Council 
(Information and Communication) which 
is being co-ordinated by the IRC. 

During the Barbados event, a number 
of representatives from developing coun­
tries, especially from Africa, expressed 
keen interest in the system, and these 
countries will be visited by members of 
the development team early in 1996 to 
provide training in the use of WENDY. 

Photographed during a break in the UNESCO meeting on total interdisciplinary risk and 
crisis management held in Pretoria, December 1995, were from left, Mr H Maaren (WRC), 
Mr P Vasarheiyi (UNESCO), Prof L Faugeres (Sorbonne, Paris), Mr C Collin (City of 
Marseilles) and Mr PE Odendaal (WRC). 
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Planning of water supplies 
for rural development 
projects 

Aworkshop on the planning of water 
supplies for rural development pro­

jects was held in East London, during 
May 1995. The workshop emanated 
from the project Guidelines for the 
evaluation of water resources for 
rural developments with an empha­
sis on groundwater which is being 
undertaken by the Institute for Water 
Research, Rhodes University. 

The design of a rural water supply 
scheme is a complex procedure, requi­
ring the consideration of a large number 
of different factors. The primary objective 
of the workshop was to list these factors 
and to develop a logical process for 
assessing them. The workshop highligh­
ted the importance of issues related to 
community participation in the provision 
of water supply, and the need to transfer 
responsibility to the community for 
ensuring the success of a supply scheme. 

The need for a systematic and struc­
tured approach, incorporating the experi­
ence of practitioners in a decision-sup­
port system (DSS), will greatly assist 
those involved in the provision of rural 
water supplies. A preliminary DSS will be 
one of the outputs of the project. 

Water and sanitation 
handbook for community 
leaders 

Aguide Water and Sanitation Hand­
book for Community Leaders was 

published by the WRC as an aid to 
ensure the successful involvement of 
community leaders in the provision of 
water and sanitation to developing 
areas. The guide was compiled for the 
WRC by the Palmer Development Group 
and applies specifically to urban and 
peri-urban situations. 

The purpose of the guide is to 
empower leaders to improve their nego­
tiation with developers and local authori­
ties about the provision of water and 
sanitation services, to the benefit of their 
communities. The guide will hopefully 
contribute towards eliminating problems 
of the past when communities were fre­

quently persuaded to choose systems 
which were unsuitable for their particular 
needs or which they could not afford to 
maintain effectively. 

The guide not only provides communi­

ty leaders with the basic knowledge they 
need to make informed decisions, but 
also gives important guidelines to be fol­
lowed in the planning of water and sani­
tation services. 

TYPE OF 
SYSTEM 

BUCKET 
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ON-SITE 
TREATMENT 

PIT 

LIQUID 
DISPOSAL 

t 
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DISPOSAL 

J& a js^s 
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10-20 

3-6 
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SOLIDS FREE n 
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r p ^ 
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® 
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This chart shows the sanitation systems used in South Africa and illustrates how much 
water each system needs to operate. 
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Settlement upgrading: 
Application of compute­
rised visualisation 
technology 

The United Nations Centre for Human 
Settlements (Habitat), located in 

Nairobi, Kenya, developed a compute­
rised visualisation technology, known as 
ViSP (Visual Settlements Planning) tech­
nology. ViSP is based on a combination 
of aerial photography and GIS software. 
It is not only intended to facilitate and 
expedite the planning of service develop­
ment or upgrading programmes, but 
also to improve the involvement of com­
munities in such programmes, through 
the visual presentation of different plan­
ning scenarios. 

The WRC collaborated with Habitat in 
arranging a workshop in Pretoria in June 
1995, in order to demonstrate the value 
and application of the technology in 
South Africa. The opportunity was also 
used to feature the CSIR's 3DVT (Three-
dimensional Visualisation Technology), as 
it was perceived that the two technolo­
gies could beneficially complement each 
other. Much interest was generated at 
the workshop, which was followed up by 
a regional workshop in East London. 

In order to promote the practical 
demonstration and implementation of 
the technology in South Africa, it was 
agreed that Habitat would assist in the 
mobilisation of funding one or more 
demonstration/monitoring projects 
through the WRC. The WRC is now 
negotiating with the CSIR and the Uni­
versity of Cape Town for the identifica­
tion of appropriate sites and associated 
project formulations. 

Although the initiative has been taken 
within the context of water supply and 
sanitation, the technology obviously 
holds great potential for facilitating the 
planning and implementation of projects 
in various other fields of land use, such 
as housing and transport. 

Catchment rehabilitation 

any catchments in South Africa are 
already degraded to the extent that 

the quantity and quality of runoff to 
rivers are seriously affected. Therefore, 

urgent action is required to develop and 
implement strategies for the protection 
and rehabilitation of sensitive catch­
ments. In the search for appropriate con­
servation and rehabilitation practices, the 
WRC held a successful workshop in 
November 1995. For the first time engi­
neers and natural and human scientists 
were brought together to discuss a way 
forward. As a first step in integrated 
water management, a need to care for 
the catchment was confirmed. The most 
complex part of the problem concerns 
the socio-economic sphere. 

One of the main conclusions of the 
workshop was that a key requisite for 
successful catchment protection and 
rehabilitation, is that scientists, policy­
makers and people at grass-roots level 
find a common language and under­
standing of the problem. The workshop 
has laid the basis for developing a strate­
gic research plan for catchment rehabili­
tation in South Africa. 

Small-farmer irrigation 
scrutinised 

Following the identification by the 
WRC's Co-ordinating Committee for 

Irrigation Research of a need for a tho­
rough investigation of small-farmer irri­
gation, the WRC entered into an agree­
ment with the consulting engineering 
firm MBB (CE) Inc. to scrutinise small-
farmer irrigation in South Africa. The 
main objective of the investigation is that 
implementation of the research results 
should enable irrigation planners and 
designers to develop irrigation projects 
that are technically sound and cost-effec­
tive, and will promote small-farmer 
development. 

In view of the possible growth in 
small-farmer irrigation that is expected to 
occur in South Africa, a recommendation 
was made to the WRC that the progress 
report on the project be published as an 
interim information paper. This recom­
mendation culminated in the publication 
of a booklet entitled Small-scale Irriga­
tion in South Africa. 

This publication provides inter alia an 
overview of small-farmer irrigation far­
ming in South Africa. An introduction to 
irrigation technologies - i.e. irrigation 
systems, currently in use under these 

conditions - is given, as well as a brief 
discussion of other issues in this field, 
e.g. appropriate technology, consultation 
with end-users, crop water requirements, 
sharing of infrastructure and equipment, 
need to organise farmers, management 
of these schemes, empowerment of 
farmers and training needs. 

The final product of this project will be 
technical guidelines and procedures for 
the development of small-farmer irriga­
tion schemes. Detailed recommendations 
for use by planners are envisaged, and it 
is expected that the guidelines will be 
released towards the end of 1996. 

Participation in the 
Vulamehlo Agricultural 
Educational Exhibition 

The first Vulamehlo Agricultural Edu­
cational Exhibition for small-scale 

farmers, hosted by the Witwatersrand 
Agricultural Society, coincided with the 
Rand Easter Show of 1995. The word 
"Vulamehlo" means "open your eyes". 
The exhibition was of an educational 
nature, aimed at advancing the produc­
tivity of small-scale farming, and was 
supported by a number of organisations 
and companies closely associated with 
agriculture. 

During fieldwork the WRC-funded 
research project carried out by MBB (CE) 
Inc., entitled Evaluation of irrigation 
techniques used by small-scale far­
mers, identified a number of typical pro­
blems characteristic of small-scale irriga­
ted agriculture in South Africa. In a 
follow-up to this facet of the project, the 
WRC and MBB participated in the Vula­
mehlo Exhibition with the intention to 
demonstrate solutions to problems main­
ly of a technical nature, e.g. correct 
installation of pumping equipment. In 
addition to the correct installations, the 
WRC/MBB display also explained the 
effect of incorrect installations on run­
ning and maintenance costs. 

Funding and manpower for the irriga­
tion part of the exhibition were provided 
respectively by the WRC and MBB, whilst 
a number of commercial concerns pro­
vided items used in the exhibits. Trans­
port of small-scale farmers and their 
extension officers from distant rural areas 
to the Vulamehlo Exhibition was spon-
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sored by a commercial bank. 
This endeavour therefore was a joint 

undertaking involving commercial and 
government organisations, with atten­
dance by small-scale farmers exceeding 
all expectations. The response of small-
scale farmers to the exhibition clearly 
emphasised the need for and the value 
of this exercise. 

Review of strategic plan for 
irrigation research 

The present strategic plan for irrigation 
research, developed by the WRC's Co­

ordinating Committee for Irrigation 
Research, dates back to 1992. It is recog­
nised that, in view of the far-reaching 
changes that have taken place in the 
country since then, the strategic plan is 
now due for review. In particular cogni­
sance has to be taken of the contents of 
the White Paper on Water Supply and 
Sanitation (1994) and the White Paper 
on Agriculture (1995). 

The review process, which started in 
July 1995, will be inclusive and consulta­
tive. A draft discussion document was 
sent to the irrigation research community 
and to those making use of research 
findings. The strategic plan framework 
consists of 7 coherent and logically con­
structed points of discussion: water sys­
tems and subsystems; problem state­
ments; objectives and goals; functions; 
focus areas; priorities; and projects. This 
framework enables the identification of 
linkages and interactions with other 
research fields, without losing sight of 
the main tasks. 

specialist fields, must be accommo­
dated and be able to continue appro­
priate work. 

After receiving and processing com­
ments, a number of regional workshops 
will be held, involving representatives 
from both the research and farming 
communities. 

Research needs of rivers 
shared by South Africa and 
Mozambique 

I n January 1995, the WRC, in collabora-
Ition with the Kruger National Park and 
the Institute of Natural Resources, Uni­
versity of Natal, arranged a workshop 
involving Mozambican and South African 
researchers, in order to initiate a collabo­
rative research programme on shared 
rivers. The specific aim of the pro­
gramme is to determine what is neces­
sary to sustain the natural environment 
associated with rivers and estuaries. 
Secondary aims are to: 

• Promote collaborative research 
• Exchange information 
• Develop common methodologies for 

river research and management 
s Build capacity amongst both Mozam-

bicans and South Africans. 

Additional products will be: 

• A situation statement on the present 
state of the rivers 

• An assessment of the in-stream flow 
requirements of the rivers. 

Mozambique has requested that the first 
rivers to be researched be those that 
flow into Maputo Bay. The research will 
not be directed only at the water require­
ments of the rivers, but also of the estu­
aries and the in-shore areas of the Bay. 

The workshop produced a draft pro­
posal for collaboration between South 
Africa and Mozambique, which is cur­
rently being evaluated by policy-makers 
and researchers in both countries. 

Southern African "FRIEND" 
meeting in Grahamstown 

Southern African FRIEND (Flow Regime 
from International Experimental and 

Network Data) is a project in the SADC 
(Southern African Development Commu­
nity) region, falling under the Interna­
tional Hydrological Programme of 
UNESCO. The second meeting of the 
FRIEND Steering Committee was held in 
Grahamstown in September 1995. The 
meeting was chaired by the WRC and, 
for the first time, all 11 SADC countries 

The following considerations will be 
emphasised: 

A systems approach is to be followed 
with the empirical fields arranged in a 
hierarchy of complexity, to gain some 
idea of the present gaps in theoretical 
and applied knowledge 
Real-life problems of decision-makers 
and operators are of central concern 
Particular attention is to be given to 
smallholder agriculture and the prob­
lems of resource-poor farmers in rural 
areas 
As many researchers and extension 
officers as possible, involved in various 

.-_> »' 
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Aerial view of the Sabie River, Kruger National Park, a river shared with Mozambique. 

11 



were represented. 
The meeting was also attended by 

Dr A Szollosi-Nagy, Secretary of the 
Water Division of UNESCO; Dr John 
Rodda, President of the International 
Association for Hydrological Sciences; 
Mr Lenka Thama of SADC-ELMS; and 
Mr Jean-Marc Faures of FAO. Great 
enthusiasm was expressed for a possible 
next phase of the project, with emphasis 
to be placed on capacity-building for 
African hydrology. 

South Africa's water 
resources reassessed 

I n a 5-year project, a consortium of 
(engineers consisting of Watermeyer, 
Legge, Piesold and Uhlmann (CE) Inc.; 
SRK (CE) Inc. and Stewart Scott (CE) Inc., 
under the leadership of Prof DC Midgley, 
reassessed South Africa's water 
resources. The main objective of the 
project was to provide a basis for the 
preliminary planning of water resources 
development. The study also, in a single 
set of documents, made available valu­
able data and information for water 
resources planning such as rainfall, soils, 
geology and vegetation. Based on data 
available up to 1990, it appears that the 
total natural runoff in South Africa is 
now estimated at 51 000 x 106 m3/a. 

A set of GIS coverages, such as those 
depicting quaternary catchments, is now 
also available for other uses. South Africa 
has been divided into 6 regions, and for 
each region there is a book of maps at a 
scale of 1:1 000 000 and an appendix 
with data. Planning procedures are 
described in a User's Manual. 

South African hydrology 
textbook 

As a product of ongoing research, the 
following book was produced by 

Prof R E Schulze, head of the Agricultural 
Catchment Research Unit, University of 
Natal: Hydrology and Agrohydrology: A 
Text to Accompany the ACRU 3.00 Agro-
hydrological Modelling System. 

This text is rapidly gaining status as an 
authoritative review of South African 
hydrology. Although largely based on 

theory and practice in other countries, 
the adaptation to typical South African 
conditions is effectively presented. The 
book contains a wealth of factual infor­
mation and theoretical background to 
many of South Africa's water manage­
ment problems. 

Specifications for South 
African sand filtration 
media 

Tentative requirements and specifica­
tions for the correct filter media to 

use in the production of an acceptable 
quality of drinking water, were set by 
the Water Research Group of the Rand 
Afrikaans University. No uniform and 
generally accepted method of media 
specification for rapid gravity sand filtra­
tion yet exists in South Africa. Such spe­
cifications do exist in many other coun­
tries. 

Local, commercial filter-sand and 
anthracite were characterised and guide­
lines set for properties such as effective 
size, density, surface ratio sphericity, 
durability and solubility under acid and 
alkaline conditions. Mathematical predic­
tion of the hydraulic behaviour of local 
filter media was incorporated into these 
guidelines. 

'j---^-'z^^im^M 

Typical filter media used for rapid gravity 
sand filtration. 

Power station cooling 
systems 

South Africa, being a relatively arid 
country, is fortunate in having three 

of the world's largest dry-cooled power 
stations. As each of these is more than 
an order of magnitude larger than any 
similar station elsewhere in the world, 
Eskom is clearly the international leader 
in the field. To enable Eskom to improve 
the efficacy of such large systems, the 
WRC commissioned the Mechanical 
Engineering Department, University of 
Stellenbosch, to study the impact of sys­
tem and environmental parameters on 
the performance of dry-cooling systems. 
The research led to the development of 
computer programs to evaluate and 
improve the performance of dry-cooling 
systems. The expertise developed is also 
applicable to wet-cooling systems. 

The following 3 menu-driven computer 
programs were developed: 

• Natural draft wet-cooling tower analy­
sis program 

• Forced draft, direct condensing, air-
cooled heat exchanger analysis pro­
gram 

• Natural convection dry-cooling tower 
analysis program. 

Marine disposal of effluents 

The marine discharge of effluents 
offers an economically attractive dis­

posal alternative for coastal centres, and 
12 offshore pipelines are operating along 
the South African coastline. It is, how­
ever, essential to ensure adequate pro­
tection of marine fauna and flora, the 
sea bed and the sea water itself. 

The efficiency of an offshore pipeline 
is largely governed by initial dilution and, 
to a lesser extent, by the secondary dilu­
tion caused by ocean currents. Initial 
dilution is effected through the entrain-
ment of sea water during the rising of 
the buoyant effluent from the bedded 
pipeline's diffuser to the surface. The 
underestimation of initial dilution will 
result in over-design and hence excessive 
capital expenditure, while overestimation 
will adversely affect the marine environ­
ment. 

Four models, developed abroad, are 

12 



J 

available to predict the extent of initial 
dilution, and EMATEK, CSIR, was com­
missioned to evaluate the applicability of 
these models under the diverse South 
African marine conditions. This was done 
by studying the performance of the 
pipelines at Richards Bay, Mossgas and 
Hout Bay. 

It was found that the relatively simple 
model developed by the Water Research 
Centre in the UK, can be applied with 
confidence, as it predicted achievable ini­
tial dilutions as accurately as the more 
sophisticated models. 

Further applications of a 
novel waste-water treat­
ment process - PETRO 

In the previous annual report, mention 
was made of the novel PETRO (Pond 

Enhanced IReatment Operation) process 
which, in a unique manner, combines 
trickling filters and oxidation pond tech­
nology to produce an effluent which 
compares well with that from a well-
operated activated sludge plant. This is a 
sturdy process, easy to operate and with 
low capital and operating costs. Of par­
ticular interest is the ability of the process 
to remove micro-algae, which become 
fixed in the biofilter film and contribute 
significantly to the production of the 
high quality effluent. 

The reliability of the process has been 
accepted by design engineers, and there 
are currently 10 full-scale plants in opera­
tion and a further 5 under construction 
using the process. Effluent streams range 
from 2 to 5 M//d. 

Further research is now aimed at fully 
understanding the biological aspects in 
order to optimise the process. 

Membrane-based 
bioreactors 

Joint research being conducted by the 
Department of Biochemistry and 

Microbiology, Rhodes University, and the 
Institute for Polymer Science, University 
of Stellenbosch, already demonstrated 
the applicability of capillary membrane 
technology in the bioremediation of 
industrial waste waters. 

The research is aimed at the develop­
ment of suitable enzymic and microbial 
systems for application in bioreactors for 
the removal of aromatic organic materi­
als. Hollow-fibre membranes are used in 
the construction of biocatalytic reactors 
which have the ability to cultivate peroxi-
dase-producing white rot fungus in 
aqueous medium inside specially deve­
loped skinless capillary membranes. 

Intractable phenolic materials, poly-
chlorinated biphenyls and other aromatic 
pollutants may be removed by immo­
bilising a polyphenol oxidase enzyme 
on the membrane. Through secondary 
metabolite production, this enzyme is 
able to degrade many different intract­
able organic species. First results indicate 
the possibility of sustaining continuous 
enzyme production for up to 10 days. 
The high flux rates of the newly-deve­
loped ultrafiltration membranes im­
proved the operation of the bioreactors 
and excellent organic removal rates were 
obtained. 

A provisional patent on the production 
of secondary metabolites has already 
been registered. It is expected that the 
research findings will open up many 
novel applications in the fields of biore­
mediation and bioprocessing. 

Earthworm technology for 
waste management 

A recent country-wide survey, funded 
by the WRC, revealed that water 

and waste management at small- and 
medium-sized abattoirs is poor and 
cause for a great deal of concern. This 
points to a singular lack of robust low-
cost treatment technologies, appropriate 
for small- and medium-sized abattoirs, 
poultry processing plants and other food 
processing industries. Amongst the pro­
blems identified are the handling of 
blood and its associated effluent, the 
management of paunch contents and 
the disposal of condemned carcasses. 

Literature reviews have shown that 
long-term research by Indian scientists at 
the Bhawalkar Earthworm Research Insti­
tute (BERI), led to the development of a 
robust treatment system, based on earth­
worms (Pheretima elongata), for the pro­
cessing of poultry offal and the conver­
sion of bones, feathers, blood, intestines 

and dead birds into useful by-products. 
In South Africa, the earthworm Eisenia 
foetida has been extensively researched 
by the CSIR and the University of 
Potchefstroom. From the available infor­
mation, it would appear that the adapta­
tion of the BERI technology, using Eisenia 
foetida, to South African conditions 
could offer a cost-effective solution as 
well as holistic waste management in 
small- and medium-sized abattoirs, and 
in the food processing industry generally. 
Preparatory to a pilot investigation, BERI 
had been visited in late 1995, involving 
discussions with relevant researchers and 
visits to demonstration and full-scale 
facilities. 

Advanced integrated 
waste-water ponding 
system (AIWPS) treatment 

A IWPS technology was developed at 
the University of California, Berkeley, 

under the leadership of Prof W Oswald. 
Research at Rhodes University, with input 
from Prof Oswald and his group, led to 
the incorporation of AIWPS technology 
in various pilot-scale, demonstration and 
full-scale plants: 

» A demonstration plant to treat wastes 
from a population of 500 people was 
constructed at the Grahamstown 
Sewage Works. 

e Laboratory studies indicated that 
AIWPS technology could remove 91 to 
94% of COD from abattoir effluent, 
while at the same time producing 
valuable Spirulina biomass. The labora­
tory work was followed by the opera­
tion of a 5 m3/d pilot plant, while the 
construction of a 500 m3 demonstra­
tion plant at Cato Ridge has recently 
been completed. 

a The implementation of laboratory-, 
pilot- and demonstration-plant 
research at Rhodes University, 
spawned a collaborative project with 
the Department of Ichthyology and 
Fisheries Science in which treated 
water from the high-rate ponds will be 
used to raise exotic tropical fish. 
Methane gas from the primary pond 
will be used to heat the water. This ini­
tiative could form the basis of an 
export industry to the Far East. 
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9 Western Tanning Co, Wellington, has 
taken the decision to go ahead with 
the construction of a full-scale AIWPS 
system for the treatment of its wastes 
and for the recovery and sale of algal 
by-products (Spirulina high protein ani­
mal feed). This follows on-site pilot-
scale studies conducted by Rhodes 
University. 

Procedures to assess efflu­
ent discharge impacts 

The WRC and the Department of 
Water Affairs and Forestry (DWAF) 

jointly published a manual, prepared by 
the CSIR, which describes the procedures 
which must be followed to assess the 
impacts of effluent discharges on the 
quality, and therefore the fitness for use, 
of receiving water bodies. These impact 

assessments are now being used by the 
Department to decide whether an appli­
cation to discharge an effluent will be 
granted or not and, if granted, what the 
requirements should be that the dis­
charger must comply with. The manual 
therefore forms one of the cornerstones 
of the Department's current approach to 
the management of effluent discharges. 
The project which culminated in the pu­
blishing of the manual was funded joint­
ly by the WRC and the DWAF and was 
undertaken in recognition of the need to 
develop the necessary management tools 
and information to support the imple­
mentation of the Department's current 
approach to water quality management. 

The DWAF's current approach to con­
trol the impacts of effluents on the quali­
ty of receiving water bodies was adopted 
and published in 1991. This new 
approach became necessary when it was 
recognised that the hitherto reliance on 

the enforcement of uniform effluent 
standards would not offer sufficient pro­
tection of water quality in future. The 
new approach, inter alia, recognised that 
the capacity of water bodies to assimilate 
waste is limited and must be managed in 
a sustainable way. 

Research on mine-water 
pollution 

ining remains the single most 
important industry in South Africa. 

From a national perspective it is a rela­
tively small water user, but it is being 
implicated as a significant contributor to 
water pollution. Most of the geological 
formations that are mined in South 
Africa contain pyrites, which oxidise to 
form sulphuric acid when exposed to air 
and humidity. Acid generated under­
ground in gold and coal mines, and 
above-ground in various waste deposits, 
is the main cause of water pollution ori­
ginating from mining. 

In 1995 the WRC started funding two 
new projects, the findings of which are 
expected to reduce the long-term impact 
of mining on water quality, viz. the inves­
tigation of prediction techniques and 
preventative measures relating to the 
post-operational impact of underground 
mines, and the pilot-scale development 
of integrated passive water treatment 
systems for mine-effluent streams. 

Biotopes defined 

arly in the year, Professor Malcolm 
Newson, a geomorphologist/hydrolo-

gist from the University of Newcastle-on-
Tyne, UK, visited South Africa. Part of his 
visit was spent at a workshop during 
which significant progress was made in 
defining the common ground between 
fluvial geomorphologists, ecologists and 
hydraulics engineers. 

Two useful tools were accepted by the 
multidisciplinary workshop for applica­
tion in areas of common interest. These 
were, firstly, the physical biotope which 
is the basic habitat unit within a river 
and, secondly, a biotope matrix, which 
defines the different biotopes occurring 
within rivers. 
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Manual on quantitative 
estimation of groundwater 
recharge and aquifer 
storativity 

Asignificant milestone in groundwater 
research was attained during the 

year, with the publication of a manual on 
quantitative estimation of groundwater 
recharge and aquifer storativity. The 
manual is based on a collaborative pro­
ject between the WRC and the DWAF. A 
wide range of methods for the estima­
tion of recharge was examined during 
the course of the study. The methods are 
documented in the manual, together 
with a selection of case studies where 
one or more of the techniques have 
been employed. 

Not only does the manual provide a 
thorough examination of recharge in 
South Africa, but will also serve as an 
important foundation for future research 
into this topic. 

With groundwater being the preferred 
water supply source for many rural com­
munities, the contribution of the maps to 
the water supply goals of the RDP will be 
evident for years to come. 

One of the major benefits of the 
project is the dynamic digital database 
which resides "behind" the maps. Ma­
king this database available on, for 
example, ARCA/IEW will undoubtedly 
result in many derivative maps being 
produced in future. 

Space-time characteristics 
of rainfal! 

Very often the hydrology of a catch­
ment cannot be adequately modelled 

unless it is known how rainfall amounts 
produced by a single rainfall event, or a 
sequence of events, are distributed in 
space and time. Since most rainfall data 
in the past have been acquired with rain 
gauges read once daily, there is a serious 
lack of information on space-time 

National hydrogeological 
map of South Africa 

The increasing importance of ground-
water in South Africa, particularly as 

a source of domestic water supply for 
remote rural communities, small urban 
settlements, and farm-scale irrigation 
development, has created an urgent 
country-wide need for summarised and 
mapped hydrogeological information, in 
a synoptic and visual form. 

A national-scale hydrogeological map 
of South Africa has been compiled on 2 
map sheets. The map depicts borehole 
prospects, optimal drilling conditions, 
groundwater quality and aspects such 
as recharge and water level depth. The 
preparation of the map represents the 
culmination of a 3-phased process, with 
contributions by many local and inter­
national experts. It commenced in 1990 
with the preparation of a map of 
groundwater regions and subregions, 
followed the next year by the production 
of a document detailing the hydro-
geological map legend and mapping 
protocol. 
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characteristics of rainfall. This is especial­
ly true in areas where convective systems 
produce most of the rain. 

Workshops to assess the situation and 
accelerate progress towards possible 
solutions were held at the WRC in Sep­
tember 1995. These workshops brought 
together representatives of the following 
groups: 

• Hydrologists in the best position to 
define information requirements with 
respect to the occurrence of rainfall 

• Meteorologists in the process of deve­
loping skills in the quantitative mea­
surement of areal rainfall using satel­
lite- and radar-based techniques 

• Statistical climatologists attempting 
to mathematically characterise and 
stochastically model rainfields in space 
and time, primarily with the object of 
providing engineering hydrologists 
with more adequate design tools. 

The workshop not only clarified 
needs and provided better focus for 
researchers, but revealed that conside­
rable progress is already being made in 
the provision of appropriate data sources 
(e.g. the Weather Bureau's network of 
weather radars) and the development of 
methodologies to make use of data from 
such sources. With regard to methodolo­
gies being developed, both facilities pro­
vided by the WRC (e.g. the MRL-5 dual 
wavelength research radar at Bethlehem) 
and several projects being financed by 
the WRC, are making significant contri­
butions. 

Rainfall enhancement 
technology under test in a 
drought-stricken area 

esearch, financed by the WRC and 
the Weather Bureau since 1983, has 

resulted in the development of a hygro­
scopic cloud-seeding methodology for 
the enhancement of rainfall from the 
warm-base convective cloud systems 
prevalent in the interior of South Africa 
during summer. The methodology has 
been well researched on semi-isolated 
cloud systems where, on average, a 30% 
increase in rainfall has been realised. This 
percentage may yet prove to be conser­

vative in the light of potential improve­
ments deriving from optimisation of the 
particle size distribution of the seeding 
material and the treatment of clouds at 
an earlier stage in their lifetimes. 

What mainly remains to be done is to 
confirm, in practice, indications from 
modelling studies that the technology is 
capable of producing meaningful and 
cost-effective increases in areal rainfall 
and water resources when applied to a 
designated catchment area. 

Acceptance of the challenge, late in 
the 1994/95 summer, to undertake 
emergency cloud seeding in order to 
assist in alleviating crippling drought 
conditions in the Northern Province, has 
in fact given impetus to the planning of 
a catchment-based areal rainfall 
enhancement experiment. In the process, 
much has been learnt about the needs 
and logistics of a semi-operational cloud-
seeding programme. Ideas on how best 
to evaluate the results of semi-opera­
tional cloud seeding scientifically have 
been stimulated and are now being put 
to the test. On a practical note, the exer­
cise appears also to have influenced rain­
fall positively in the region of highest 
concentration of treated storms. For 
instance, on 8 of the 9 operational days 
in March, treated storms yielded more 
radar-determined rainfall than any other 
storms within radar range on that day. 

The emergency programme, together 
with its scientific components and objec­
tives, was resumed at the start of 
1995/96 rainy season. 

Research centres: Interna­
tional peer-review opera­
tion (RECIPRO) 

The WRC is participating with four 
other water research organisations in 

the RECIPRO international peer-review 
system. The other organisations are: 

e The American Water Works Associa­
tion Research Foundation (AWWARF) -
USA 

9 Technologiezentrum Wasser (TZW) -
Germany 

• Keuringsinstituut van Waterleiding-
Artikelen (KIWA) - Netherlands 

• Compagnie Generale des Aux -
France. 

The objective of RECIPRO is to develop 
and implement a peer-review system 
directed at water research organisations 
throughout the world. The system is 
aimed at evaluating the operational 
processes and programmes within each 
organisation, and to suggest possible 
alternative approaches. The system is 
designed to be implemented at top 
managerial level and to provide external 
oversight of operational procedures and 
methods. 

The WRC was the first organisation to 
undergo the RECIPRO review, during 
September 1995. AWWARF was 
reviewed in November 1995, and the 
other 3 organisations will be reviewed in 
May 1996. It is already clear that both 
the organisation being reviewed as well 
as those participating in the review 
process stand to gain valuable insights 
through the RECIPRO process. 

Senior staff changes 

D r Nozibele Mjoli joined the WRC in 
January as Assistent Research Man­

ager responsible for research projects on 
the provision of water and sanitation for 
unserved communities. She was previ­
ously employed as a Senior Lecturer in 
Microbiology at the University of Dur-
ban-Westville. 

Dr Gerhard Backeberg, previously 
Deputy Director of the Directorate: Agri­
cultural Economics of the Department of 
Agriculture, joined the WRC in July as a 
Research Manager mainly involved with 
irrigation research and agricultural water 
management. 
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Seweloping communit ies 

There are many examples throughout 
the world where the relatively simple 

expedient of "throwing money at the 
problem" has been tried and has failed 
dismally. Virtually all of these failed 
examples relate back to a lack of involve­
ment by the Community. Where commu­
nities have actively engaged in not only 
the "sweat" phase but also the decision-
making stages, successes are far more 
common. Community participation not 
only results in acceptance of the scheme 
by the people being served by it, but it 
will also be better utilised and main­
tained. To top it all the total cost could 
be as little as only 10 per cent of the ini­
tial cost estimate. 

The WRC strongly advocates the use 
of local resources when planning and 
undertaking water supply and sanitation 
projects, especially in rural and peri-
urban areas. Such schemes have to be 
designed around the so-called 4M 
approach: Local men, local money (as 
little as it may be), local machines,(picks 
and shovels), and local materials. 
Schemes designed this way are far more 
gratifying in the sense of achievement; in 
the sense of a better standard of living 
and in the sense of affordability. This is 
where ingenuity and innovative design 
are going to meet the challenge head-on 
and water research will be at the fore­
front of this challenge. Partly with this 
goal in mind the WRC is funding a pro­
ject to develop guidelines to enable com­
munities to operate and maintain certain 
sanitation systems (Project No 708). 

To co-ordinate the players or stake­
holders, the Co-ordinating Committee 
for Research into Water Supply and Sani­
tation for Rural and Urban Communities 
(CCRLJC) was formed early in the year 
under review. A strategic research plan 
(SRP) for developing community research 
is currently being developed and will 
hopefully be finalised early in 1996. This 
SRP will serve to direct researchers and to 
focus research attention on priority 
areas, as identified in the plan. 

Completed projects 

Evaluation of water supply to 
developing urban communities 
in South Africa 
(KV49/94 and KV73/95) Palmer Development Group 
in association with Department of Civil Engineering, 
University of Cape Town 

The WRC was pro-active in 1992 in initi­
ating this evaluation of the then current 
status of domestic water supply to deve­
loping communities in the urban sector. 
This consultancy project, together with 
its sister project on sanitation, proved to 
be one of the major sources of informa­
tion for the RDP, in which connection the 
findings are frequently quoted. In this 
regard the project has admirably met its 
main aim of providing relevant and up-
to-date information and analysis upon 
which rational policy and practice can 
be based. 

The project was conceptually divided 
into 3 phases namely an overview, an 
evaluation phase and the development 
of strategies. 

The first overview phase (WRC Report 
No KV 49/94) encompassed a review of 
the current status of water supply inter­
nationally and a survey of water supply 
to the urban areas of South Africa. It was 
then possible to determine who has 

access to adequate water supply, the sys­
tems being used and to obtain as much 
information on operating and costs as 
possible. 

The evaluation phase considered 
water-supply systems from the point of 
view of acceptance by communities, 
health, cost, construction, operation and 
environmental impact. 

From this a strategy was developed in 
the final phase to deal with water in 
developing urban areas over the next 
decade. 

Guidelines for the selection, imple­
mentation, operation and maintenance 
of water supply systems were prepared. 

Cost: R92 000 
Term: 1992-1994 

Prepayment water metering for 
South Africa 
(KV56/94) Technology Research and Investigations, 
Eskom 

Metering water supplies to individual 
consumers is fraught with problems, in 
dense (informal) settlements of low-
income group people, these problems 
become almost insurmountable. In areas 
where people cannot or will not pay for 
services the presence of a meter reader 

Angelina Moja 
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often generates animosity. The meters 
themselves, being of brass construction, 
have an intrinsic scrap value. 

Householders have very little control 
over the amount of water consumed 
during the month and are then faced 
with a water account at the end of the 
month which the household just cannot 
pay (Getting the account to the house­
holder is also a major problem, even if 
the address is known). The answer thus 
appeared to be prepayment. In this way 
the household could determine how 
much it could afford for water, purchase 
that amount of credit and through a dis­
penser in the house, monitor the rate of 
consumption to match the amount of 
credit purchased. 

As such a budget energy controller 
(BEC) device had already been developed 
for the prepayment of electricity, the 
obvious course to follow was the deve­
lopment of a 2-channel BEC with a suit­
able interface to link the water meter 
and the electricity dispenser. 

This consultancy project covered the 
initial exploratory work to establish the 
feasibility and specification for a com­
bined prepayment water and electricity 
meter. Early BEC models were found 
wanting. Tamper control was inadequate 
and no suitable technical specification 
existed. External influences (lightning) 
also adversely affected the operation of 
some of the early BECs. 

A follow-up project to develop a com­
plete system from the end user, through 
the vending machine and all the way 
back to the supply authority is planned. 
The possibility exists that this would not 
be limited to water and electricity for 
developing communities only, but could 
also be extended to include: telephone, 
gas, rates and taxes, sanitation, solid 
waste removal and even banking, for all 
consumers. 

Cost: R70 000 
Term: 1992-1994 
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Environmental impact of on-site 
sanitation: A literature review 
with particular application to 
South Africa 
(KV57/94) Department of Civil Engineering, 
University of the Witwatersrand 

If the preferred option of waterborne 
sanitation for all South Africans is not 
feasible because of excessive, unafford-
able cost to the country, then other ade­
quate alternative sanitation options need 
to be pursued. 

Against this background of concern, 
there appears to be limited understand­
ing by the general public as well as many 
professional personnel in South Africa of 
the pollution risk from on-site sanitation. 
Allied to this is the probably erroneous 
assumption that there is no pollution risk 
associated with waterborne sewerage. 

Thus, the project reviewed the current 
state of local and international know­
ledge of the topic and appraised existing 
guidelines. The research also addressed 
the objectives of guidelines for the envi­
ronmental impact of on-site sanitation 
and proposed a means of disseminating 
this information. South Africa is unique 
in the world in that, in seeking to pro­
vide adequate sanitation for all, wide­
spread use has been made of on-site 
sanitation in relatively high density urban 
areas. Because of these high densities, 
the researchers could not state categori­
cally that: "Yes there is" or "no there 
isn't", pollution from on-site sanitation. 
But they do state emphatically that there 
is a risk of groundwater (and stream) 
contamination from these sources. Thus, 
the long-term effects are too significant 
to ignore, but difficult to determine. 

Cost: R44 000 
Term: 1993-1995 

Review of rural sanitation in 
South Africa 
(KV71/95) Palmer Development Group and 
Makhetha Development Consultants 

This consultancy project was jointly fun­
ded by the WRC and the Mvula Trust. 
The research is aimed at supplementing a 
similar previous project, which evaluated 
the urban sanitation situation. The need 
for the work stems from the 21 m. rural 
and peri-urban residents (approximately 

95%), who lack properly designed and 
constructed sanitation facilities. 

Some 5 m. rural schoolchildren (90%) 
and half of the 1 100 rural clinics also 
lack adequate sanitation facilities. 

In addition to reviewing the interna­
tional experience and the current status 
of sanitation services in South Africa, the 
project also reports on sanitation priori­
ties and household demand for sanita­
tion and a participatory approach to 
understanding community needs and 
preference. 

Four case studies were undertaken 
and these results were used to review 
rural sanitation technologies and to for­
mulate proposals for optimal, affordable 
and appropriate sanitation options for 
the rural environment. Proposals are 
made for the financial, institutional and 
programme arrangements for facilitating 
sanitation provision. The establishment 
of a National Task Team to set up a 
National Sanitation Programme and to 
establish capacity at provincial and local 
level, is proposed and the policy frame­
work to support this, described. 

Cost: R100 000 
Term: 1994-1995 

New projects 

Appropriate low-cost treatment 
of sewage reticulated in saline 
water, using the algal high-rate 
oxidation ponding (AHROP) 
system 
(No 656) Department of Biochemistry and 
Microbiology, Rhodes University 

The provision of waterborne sewerage 
for certain communities in South Africa 
remains difficult, given the poor availabi­
lity of freshwater supplies. Many areas of 
the country, however, have copious vol­
umes of brackish or saline water, inclu­
ding ground-, mine- and sea-water. The 
possibility of dual water reticulation sys­
tems for these communities has previ­
ously been suggested, where sewage is 
carried in a saline stream for treatment. 
The treatment options for saline sewage 
are, however, limited. Through other 
WRC projects Rhodes University has suc­
cessfully investigated the application of 
the algal high-rate oxidation ponding 
(AHROP) system for the treatment of 



saline tannery effluents. 
The possibility of the application of the 

AHROP in small, disadvantaged commu­
nities such as Rietfontein (N. Cape) has 
arisen, where saline groundwater is the 
only available water source. It provides 
an opportunity for testing existing tech­
nology for the treatment of saline tan­
nery effluents on the treatment of saline 
water sewage. 

The aims of this 3-year project include 
the following: 

8 To evaluate the use of high-rate oxida­
tion ponds for the treatment of 
sewage reticulated in saline water, in 
a laboratory-scale study 

• To compare sources of saline water 
including sea-water and saline ground-
water for the treatment of saline reti­
culated sewage effluent 

• To evaluate the scale-up of the AHROP 
to a demonstration plant 

• To evaluate the suitability of returning 
purified water to inland aquifers or the 
ocean, from which the reticulated 
waters were derived 

s To investigate the recovery and value 
of the biomass obtained during the 
treatment of the above waste waters. 

Estimated cost: R160 000 
Estimated term: 1995-1997 

Graded standards for landfilling 
in South Africa: Establishing 
appropriate affordable standards 
for disadvantaged communities 
(No 670) Department of Civil Engineering, 
University of the Witwatersrand 

Almost all of the research on the decom­
position mechanisms, products, pollution 
potential and energy potential of refuse 
has been done on refuse from affluent 
societies. However, it has been estab­
lished that the waste generated by a dis­
advantaged community differs consider­
ably from that produced by an affluent 
community. 

Therefore, the aims of this project 
include the following: 

I 
• To investigate and establish the sur­

face- and groundwater pollution A beautiful example of development control exercised to keep the floodplain of the 
potential of household refuse from dis- Kaalspruit in Gauteng unoccupied. 

advantaged communities 
8 To study effective and affordable 

refuse disposal in these communities 
that will prevent surface- and ground-
water pollution 

8 To compare the process and products 
of decomposition of refuse from disad­
vantaged communities with refuse 
from developed "rich communities". 

Estimated cost: R344 000 
Expected term: 1995-1996 

Fog collection as a supplemen­
tary water source for small rural 
communities 
(No 671) Department of Geography, University of 
the North 

Studies conducted in Chile, Ecuador and 
Oman have shown that fog droplets can 
be collected by appropriately designed 
collectors to provide substantial volumes 
of water for both domestic use and live­
stock consumption. If this method of 
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water supply proves to be economically 
feasible in South Africa, it would 
undoubtedly impact positively on various 
aspects of life in rural communities 
which are isolated from conventional 
water supply systems. 

This project aims to: 

• Determine the fog-water collection 
potential along the West Coast and 
the Escarpment of Mpumalanga and 
the Northern Province, respectively 

• Identify the extent of water "poverty" 
in small rural communities within the 
above-mentioned areas 

• Determine the efficiency of various 
materials and designs for the collec­
tion of fog water 

• Design a cost-effective fog-water col­
lection and distribution system for a 
suitable community 

s Document the country-wide potential 
of fog-water collection. 

Estimated cost: R305 800 
Expected term: 1995-1997 

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

The success of a development project is 
largely determined by the process 
through which it is initiated and imple­
mented, and the appropriateness of the 
water scheme to be developed. The 
above project will look at the latter point 
whilst concentrating on groundwater 
aspects which affect the appropriateness 
of a rural water supply scheme. 

Although diversity in the developmen­
tal process is healthy, in the approach to 
assessing the appropriateness of a pro­
ject it can lead to important factors 
being overlooked during the feasibility 
stage of a study. There are countless 
examples of inappropriate rural water 
supply schemes which result from the 
planners having failed to take all the 
contributing factors into account. 

This project proposes to address and 
provide guidance on correcting these 
issues through the attainment of the fol­
lowing aims: 

(i) Developing guidelines for assessing 
the water supply alternatives for rel­
atively small-scale rural develop­
ment projects. 

(ii) Establishing the factors which affect 
the type of water source and infra-
structural system to be developed. 
These factors fall within the cate­
gories of water source quantity and 
quality, demand, infrastructure, 
economics and management. 

(iii) Developing guidelines on how to 
evaluate or assess the factors identi­
fied in (ii) above, and how to 
address the issues which arise from 
these factors. 

(iv) Carrying out the initial development 
of a "Decision Support System" 
that presents a methodical, holistic 
approach to assessing the most 
suitable water source and infra­
structure for rural water supply pro­
jects. 

Estimated cost: R205 000 
Expected term: / 995-1996 

Development of a community-
based integrated catchment 
management programme with 
special reference to water supply 
and sanitation in the Ntshong-
weni catchment 
(No 684) Farmer Support Group, University of Natal 

The Ntshongweni catchment is a micro­
cosm of rural South Africa. Virtually all of 
the typical problems encountered in the 
various communities are found here. 
There are severe pollution problems from 
the Hammarsdale industrial complex, soil 
erosion in the Cliffdale area, invasive 
exotics in the Peacevale area, agricultural 
pollution from Tara Valley and faecal 
contamination from informal settle­
ments. 

Ntshongweni Dam is 60% silted up 
and so polluted that Umgeni Water 
recently decommissioned the dam. The 
area's history of co-operation between 
Inkatha Freedom Party and African 
National Congress supporters since 1989 
bodes well for the possibilities of achie­
ving results. The particular objectives of 
the research are to: 

• Develop a framework for community 
participation in catchment manage­
ment 

• Assist local people in implementing 
ecologically and economically sound 
land-use practices 

a Help appropriate agencies to under­
stand local people's current attitudes 
and help in the development of educa­
tional programmes. 

Estimated cost: R570 000 
Expected term: 1995-1996 

Occurrence and survival of 
protozoan parasites in source 
water and drinking water used 
by unserved rural communities 
(No 685) Division of Water Technology, CSIR 

The protozoan parasites, Giardia and 
Cryptosporidium, are recognised causes 
of diarrhoea in man and could cause 
acute, sporadic gastroenteritis in other­
wise healthy people. 

Informal settlements with no infra­
structure have become common prac­
tice, resulting in increased levels of 
sewage pollution of drinking-water 
sources which coincide with increased 
levels of parasites. These unserved com­
munities use surface water and ground-
water, directly or after limited treatment. 
No data are available on the occurrence 
of protozoan parasites in water sources 
used by these communities and what 
effect the limited treatment has on para­
sites. 

The objectives of this study are to 
investigate the occurrence and survival of 
protozoan parasites in the water used by 
developing communities for drinking 
purposes, and to devise appropriate 
guidelines for the treatment of the 
water. 

Estimated cost: R300 000 
Expected term: 1995-1996 

Land-based effluent disposal 
and use: Development of guide­
lines and expert-systems-based 
decision support 
(No 698) Division of Water Technology, CSIR 

The negative impact of effluent disposal 
to land can often be effectively amelio­
rated if controlled and managed proper­
ly. An expert system which is a computer 
program with stored knowledge in a 
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form suitable for practical decision sup­
port, would be a useful medium for pro­
viding much-needed assistance in this 
regard. 

The general aim of this project is to 
develop an expert system to give advice 
on, and to present regulatory conditions 
for, effluent-disposal-to-land permitting 
purposes. The expert system will also be 
tailored to assist in the following needs 
and functions: 

* Presentation of relevant guidelines for 
the beneficial use of effluent for agri­
culture and forestry 

8 Identification of a suitable Integrated 
Environmental Management strategy 
for effluent-disposal or effluent-use 
permitting purposes 

8 Selection of cost-effective sewage 
treatment and effluent-to-land dispo­
sal facilities for communal purposes 
(e.g. schools, day-care centres, clinics, 
shopping areas) in rural developing 
communities. 

Estimated cost: R260 000 
Expected term: 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 

A septic tank effluent drainage (STED) 
sanitation system can provide an alterna­
tive sanitation option that is very similar 
to a conventional waterborne system at 
a reduced cost. STED sanitation systems 
can provide a solution to handling 
sewage in areas with limited infra­
structure. 

The project aims to improve the 
design, installation, operation and main­
tenance requirements of STED systems. 
The main product of the project will be 
guidelines for local water and sanitation 
committees. These guidelines will explain 
the STED process and set out operation 
and maintenance procedures to ensure 
optimum performance of STED systems. 

Estima ted cost: R145 000 
Expected term: 1995-1997 

Preparation of standard engi­
neering drawings, specifications 
and guidelines for ventilated 
improved pit latrines in South 
Africa 
(No 709) Division of Building Technology, CSIR 

The RDP aims to provide sanitation ser­
vices for all South Africans. The ventilat­
ed improved pit (VIP) latrine, when con­
structed and maintained properly, pro­
vides an adequate basic level of sanita­
tion service that meets the environmen­
tal health requirements. 

The project aims to improve the stan­
dard of VIP latrines by providing guide­
lines that will assist those responsible for 
sanitation programmes in ensuring that 
the VIP latrines they install meet health 
and user requirements. The importance 
of selected construction materials, the 
slope and direction of the roof, the func­
tion and role of the vent pipe, etc., will 
all be assessed to determine the impor­
tance of each relating to the perfor­
mance of a VIP toilet. 

Estimated cost: R90 000 
Expected term: 1995-1996 

Pilot study for the development 
of a GIS database on water and 
sanitation in South Africa 
(No 710) Division of Water Technology, CSIR 

The project aims to develop a pilot geo­
graphical information system (GIS) data­
base on water and sanitation provision 
and investment for Northern Province. 
This pilot study may then be used in the 
development of a National Water Supply 
and Sanitation Information Management 
system. 

The database is being developed to 
assist: 

9 The DWAF to plan and prioritise the 
water and sanitation needs of the 
region 

8 The DWAF and other stakeholders 
to monitor implementation progress, 
implementation constraints and the 
effectiveness of different investment 
policies at National and Provincial 
levels. 

Estimated cost: R451 000 
Expected term: 1995-1997 

Biological processes in on-site 
low-flush volume sanitation 
systems 
(No 712) Division of Water Technology, CSIR 

Recently large numbers of on-site low-
flush volume sanitation systems have 
been installed in several developing 
urban communities. Unfortunately some 
users of these on-site systems have 
encountered problems of odour develop­
ments, total failure of the system causing 
complete blockage at the toilet pan, and 
failure of soakaways. This has led to the 
rejection of these low-flush volume toi­
lets by the developing communities. 

This project aims to evaluate the bio­
logical processes that take place in tanks 
and soakaways of on-site sanitation sys­
tems, as well as the physical design of 
the various components. The study will 
determine whether the size and shape of 
the tank has any effect on the quality of 
the final disposed effluent. The effect 
that the number of users and the addi­
tion of chemical disinfectants has on the 
performance of on-site sanitation sys­
tems, will also be assessed. 

This project will involve all the known 
manufacturers of these systems to 
ensure that all possible considerations 
are taken into account. 

Estimated cost: R296 200 
Expected term: 1995-1996 

Socio-biological study of the 
aquatic resources and their 
utilisation in an underdeveloped 
rural region, the Mutshindudi 
River catchment 
(No 714) Department of Zoology, University of 
Venda 

The research conducted within this broad 
project is aimed at providing a scientific 
basis for the implementation of the RDP 
while at the same time promoting the 
sustainable utilisation of water and asso­
ciated organisms in the Northern 
Province. The project will address the 
socio-economic composition of the po­
pulation, the effect of land-use patterns 
of the area on the water resource, fac­
tors responsible for the deterioration of 
water resources, health and hygiene 
aspects associated with water use and 
the importance of the aquatic plants, 
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animals and riverine vegetation to rural 
communities for food, and medicinal 
purposes. 

Estimated cost: 
Expected term: 

R359 000 
1995-1998 

Quantitative determination 
and removal of nitrogenous 
pollutants from natural waters 
(No 715) University of Bophuthatswana 

Some of the natural water resources of 
the Northwest Province have levels of 
nitrates (>10 mg//) which are above the 
safe levels for drinking water, and are 
likely to cause methaemoglobinaemia 
in infants. In addition, when nitrates are 
reduced to nitrites, these react with 
amines in the environment to form 
nitrosamines. These compounds are not 
only carcinogenic, but also have muta-
genic and teratogenic properties. 

Using electrochemical analytical me­
thods, the main nitrogenous pollutants 
in the water resources of the region will 
be identified. Improvements to existing 
analytical methods or new methods of 
analysis will be investigated for these 
compounds, and the water resources of 
the region will be surveyed to map the 
occurrence of the various nitrogenous 
compounds. 

Estimated cost: 
Expected term: 

R304 000 
1995-1997 

Pollution of domestic water sup­
ply and health-related problems 
in the rural areas of the Molopo 
region of the Northwest Province 
(No 724) Department of Nursing Science, Chemistry 
and Agriculture, University of Bophuthatswana 

Water-related problems have been iden­
tified and linked to health and quality of 
life in the rural areas of the Molopo Dis­
trict of the Northwest Province. 

The aims of this project are to identify 
the sources of water used by a selected 
number of villages in the Molopo region 
and to determine the extent and nature 
of pollution. A survey of the perceptions 
of the residents with regard to water pol­
lution and its prevention as well as the 
relationship between polluted water sup­
ply and ill-health will be made. 

Intervention studies and self-help pro­
jects based on the results of the investi­
gations will be undertaken. An education 
project to inform the village inhabitants 
on the utilisation of water sources for 
safe household usage will be performed. 

Estimated cost: 
Expected term: 

R587 800 
1995-1997 

Effects of water supplies, 
handling and usage on water 
quality and quantity in relation 
to health indices in the Eastern 
Cape Province (Prowater Health) 
(No 727) Department of Development Studies, 
University of Fort Hare 

The role of water as a vehicle for the 
spread of diseases is well known. The 
prevention of any communicable di­
seases requires that the cycle of disease 
transmission be interrupted. Depending 
on the prevailing transmission pathways, 
different interventions in water supply 
and sanitation, are required. 

This project will examine the effects 
of water supply, handling and usage of 
drinking, farming and other household 
activities on water quality in the rural 
and peri-urban areas of the Eastern Cape 
region. The microbial and physio-chemi­
cal quality of the water provided to the 
communities in this area will be exa­
mined and related to health indices of 
the study population. 

Estimated cost: 
Expected term: 

R393 000 
1995-1997 

Research projects 

Completed 
° KV49/94 and KV73/95 Evaluation 

of water supply to developing urban 
communities in South Africa (Palmer 
Development Group in association 
with University of Cape Town -
Department of Civil Engineering) 

• KV56/94 Prepayment water mete­
ring for South Africa (Eskom - Tech­
nology Research and Investigations) 

• KV57/94 Environmental impact of 
on-site sanitation: A literature 
review with particular application 
to South Africa (University of the 
Witwatersrand - Department of 
Civil Engineering) 

• KV71/95 Review of rural sanitation 
in South Africa (Palmer Develop­
ment Group and Makhetha 
Development Consultants) 

Current 
• 346 Study of the relationship 

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

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

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

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

• 480 Per capita water demand in 
developing communities (Water 
Systems Management) 

• 514 Groundwater contamination as 
a result of Third-World type urbani­
sation (CSIR - Division of Water 
Technology) 

• 519 Development of programmes to 
combat diffuse sources of water pol­
lution in residential areas of deve­
loping communities (Afrosearch CC) 
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• 520 Guidelines on appropriate technolo­
gies for water supply and sanitation in 
developing communities (CSIR - Division 
of Water Technology) 

• 521 Water scheme cost recovery 
(Umgeni Water) 

• 539 Development of a dynamic cross-
flow sand filter for rural water treatment 
(CSIR - Division of Water Technology) 

<> 544 Determination of sludge build-up 
rates in septic tanks, biological digesters 
and pit latrines in South Africa (CSIR -
Division of Building Technology) 

• 562 Effect of water supply, handling and 
usage on water quality in relation to 
health indices in developing communities 
(CSIR - Division of Water Technology) 

• 586 Development of a decision support 
system for the selection of the most 
appropriate sanitation option for deve­
loping communities (Umgeni Water) 

• 598 Appropriate management of urban 
runoff in South Africa (University of Wit-
watersrand - Water Systems Research 
Group and CSIR - Division of Water 
Technology) 

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

• 603 Development of effective communi­
ty water supply systems using deep and 
shallow-well handpumps (CSIR - Division 
of Water Technology) 

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

• 629 Evaluation of solid waste practice in 
developing urban areas in South Africa 
(Palmer Development Group) 

• 630 Community participation and edu­
cation in water resources management 
and environmental awareness (Amanzi 
Esizwe) 

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

• 649 Assessment of common problems 
associated with drinking water disinfec­
tion in the developing areas (CSIR -
Division of Water Technology) 

• 651 Appropriate low-cost sewage treat­
ment using the advanced algal high-rate 
oxidation pond (Rhodes University -
Department of Biochemistry and Micro­
biology) 

New 
• 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 Micro­
biology) 

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

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

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

• 684 Development of a community-based 
integrated catchment management pro­
gramme with special reference to water 
supply and sanitation in the Ntshong-
weni catchment (University of Natal -
Farmer Support Group) 

• 685 Occurrence and survival of proto­
zoan parasites in source water and 
drinking water used by unserved rural 
communities (CSIR - Division of Water 
Technology) 

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

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

• 712 Biological processes in on-site low-
flush volume sanitation systems (CSIR -
Division of Water Technology) 

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

• 715 Quantitative determination and 
removal of nitrogenous pollutants from 
natural waters (University of 
Bophuthatswana) 

• 724 Pollution of domestic water supply 
and health-related problems in the rural 
areas of the Molopo region of the North­
west Province (University of Bophutha­
tswana - Department of Nursing 
Science, Chemistry and Agriculture) 

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

C O N T A C T P E R S O N S 
• Mr HC Chapman 

(Provision of Services) 
• DrSA Mitchell 

(Sanitation and Health Aspects) 
• Mrs APM Oelofse 

(Health Aspects) 
• Mr G Offringa 

(Water Treatment) 
• DrNPMjol i 

(Sanitation and Microbiological 
Aspects) 
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Drinking water 

The production and supply of a 
potable water of acceptable quality at 

an affordable cost to all consumers are 
national priorities and pose special chal­
lenges to the whole of the water indus­
try. In meeting these challenges and 
dynamic requirements, research support 
is indispensable. Such support is, inter 
alia, provided in the form of on-going 
WRC funded projects, under guidance of 
the Strategic Plan for Research on 
Potable Water Treatment. The 2 main 
challenges in the treatment and supply 
of a potable water, requiring research 
support, are the following: 

• Ensuring acceptable water quality 

Supplying a drinking water of accep­
table microbiological and chemical 
quality to an increasingly critical con­
sumer, from our increasingly polluted 
sources, poses special problems. These 
problems are aggravated by long dis­
tribution lines and high temperatures. 
Although research projects focus 
mainly on microbiological quality, 
chemical micropollutants and aesthetic 
aspects also receive due attention. 

• Cost-effectiveness 

Urbanisation of South Africa's popu­
lation is steadily on the increase, 
resulting in the influx of mainly lower-
income families. Increased effort is 
being made under the RDP to provide 
safe drinking water to disadvantaged 
communities - including those in 
urban areas. The result is that great 
pressure is exerted on available fun­
ding and other resources. This in turn, 
demands increasing effort into 
research on more cost-effective water 
treatment and supply options. 

The following main research areas, i.e. 
Water Treatment and Reclamation, 
Drinking-water Quality and Health 
Aspects and Urban and Rural Water 
Supply are addressed in this chapter. 

Water treatment and 
reclamation 

Assisted by the Strategic Plan for 
Research on Potable Water Treatment, 
this research area focuses on the deve­
lopment, improvement and selection of 
cost-effective plant and processes to sup­
ply a safe drinking water which complies 
fully with the guidelines for treated 
water quality. 

Because of increased pollution of the 
surface water resources, the purification 
of polluted and eutrophic water is recei­
ving special attention. Another area of 
concern remains the effective treatment 
of soft, coloured waters, and a number 
of projects are addressing this issue. 
Two projects are currently directed at the 
selection and design of water treatment 
processes under South African condi­
tions, while another concentrates on the 
selection of package water treatment 
plants. 

Drinking-water quality and 
health aspects 

It is of vital importance not only to pro­
vide people with water to within 200 m 
from their homes, but also to ensure that 
the water will be of good quality. The 
emphasis of new research in this area is 
shifting towards direct involvement in, 
and participation by, the developing 
communities. 

The importance of this approach is 
stressed in an Atlas of Potential Water-
borne Diseases that will become avail­
able early in 1996. The importance of 
educating people to store water safely in 
their homes and to prevent contamina­
tion of a good quality water is also 
accentuated. 

Rapid microbiological detection me­
thods that are applicable under South 
African conditions require urgent investi­
gation. Pathogens responsible for speci­
fic waterborne diseases could then be 
identified in a short time and treatment 
started to prevent loss of life. Such rapid 
detection methods will be the focus of 
two of the projects which will commence 
in 1996. 

Grace Makwana. 
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Rural and urban water 
supply 

Water restrictions have again been intro­
duced in many areas of South Africa as a 
consequence of lower than average rain­
fall and increased demands on existing 
water supplies. Accelerated urbanisation 
has necessitated the urgent need to con­
serve water in all sectors. 

To meet the challenge, the Minister of 
Water Affairs and Forestry, Prof Kader 
Asmal, has initiated a National Water 
Conservation Campaign which is set to 
run for one year after which it will be 
reviewed. The goal of this initiative is the 
sustainable, efficient and equitable sup­
ply and use of water in South Africa. 

This concept forms the fundamental 
basis for future development of the 
nation, especially if one accepts that 
water is likely to become the single most 
crucial limiting factor to development; 
and within the shorter rather than the 
medium term. 

The research component of this chal­
lenge is largely focused on people issues 
such as participation, payment, mainte­
nance, capacity, responsibility, education 
and also training. From this appreciation 
was recognised the need for co-ordina­
tion, on a very wide front, of all of the 
activities and initiatives currently in 
vogue. This led to the birth of a Co-ordi­
nating Committee specifically mandated 
to look after the water supply and sani­
tation research interests of the urban and 
rural communities. Obviously, this is an 
area which is not the exclusive domain of 
South Africa and, as such, we anticipate 
some new initiatives to interact with 
other African countries and also those 
active in Africa, with a view to sharing 
experiences, gathering data of mutual 
interest and building on work done by 
the host of people very active all over the 
world. 

Completed projects 

Occurrence of protozoan 
parasites in South African 
drinking water 
(No 451) Division of Water Technology, CSIR 

The recovery of Giardia cysts was com­
pared using membrane filtration and 
ultrafiltration. Similar recoveries were 
obtained, but the ultrafiltration method 
has the advantage of co-processing the 
same water sample for the analysis of 
enteric viruses and protozoan parasites, 
thus reducing the cost of analysis signifi­
cantly. 

The occurrence of Giardia cysts and 
Cryptosporidium oocysts in South African 
raw and treated water was investigated 
by studying source and treated water 
obtained from several water purification 
works. The findings were that many 
South African untreated source waters 
were contaminated with both. 

Raw water samples taken at the purifi­
cation works under investigation, tested 
positive for cysts and oocysts and only a 
small percentage of raw water was free 
of protozoan parasites. The efficacy of 2 
water treatment plants in removing pro­
tozoan parasites was evaluated at diffe­
rent stages of treatment and found to 
be effective. 

The presence of protozoan parasites 
can only be detected directly since the 
microbial indicators of water quality 
cannot be used as an indication of the 
presence of protozoan parasites. 

Cosf: R363 500 
Term: 1992-1994 

Characterisation of South African 
media for sand filtration 
(No 472) Department of Civil Engineering, Rand 
Afrikaans University 

No uniform, generally accepted method 
of media specification exists for rapid 
gravity filtration in South Africa. This 
study characterised local, commercial fil­
ter-sand and anthracite with regard to 
durability, particle size distribution, 
sphericity, density and solubility under 
acid and alkaline conditions. 

The study found that local silica sand 
fared well against foreign specifications, 
except for the (generally too high) uni­

formity coefficient. Tables with require­
ments and specifications for the correct 
filter sand, are included in the report as 
"tentative South African specifications". 
Models employed for the difficult design 
aspect of bed expansion were also evalu­
ated, and it was found that some models 
could predict bed expansion to within an 
error of as low as ±3%. 

Cost: R74 000 
Term: 1992-1993 

Evaluation of rapid methods 
for the detection of indicator 
organisms in water 
(No 610) Division of Water Technology, CSIR 

The time to perform a conventional 
membrane filter test to confirm the pre­
sence of indicator organisms in water is 
about 72 h. The Colisure and Colilert 
methods, described and tested during 
this project, reduced the time to 24 h. 
This is of great importance as the rapid 
detection of indicator organisms could 
prevent epidemiological outbreaks of 
waterborne diseases. These methods can 
be used for the early detection of 
sewage contamination of drinking water, 
as well as the possible pollution of sur­
face water. Under South African circum­
stances, Colilert appeared to be the bet­
ter of the 2 methods tested. 

The major cost saving when using 
Colilert and Colisure lies in the decreased 
time and labour necessary to perform 
the tests and not in the cost of equip­
ment and chemicals. 

Cosf: R93 700 
Term: 1994 

Education and training of 
watercare operators - Part 2 
(KV66/94) MTI Manpower Consulting Services 

This report documents the proceedings 
of a workshop in which the future direc­
tion of education and training of water-
care operators was examined. The work­
shop began with a survey of the existing 
infrastructure and noted the problems 
experienced. Following this, the ques­
tions which the workshop was to be 
asked to address during strategic plan­
ning for the future direction of education 
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and training of personnel, were listed. 
The guidelines produced by the work­
shop participants concerned the follow­
ing aspects of the education and training 
of personnel: 

• The structuring and objectives of edu­
cation and training of watercare per­
sonnel 

• The content, delivery and scheduling 
system of future education and trai­
ning programmes 

• Guidelines for testing and examina­
tion, trainee certification, employment 
of staff and obtaining funds for the 
implementation of the national strate­
gy. 

The final part of the report makes pro­
posals for the implementation of a 
national plan for the education and 
training of watercare personnel. 

Cost: 
Term: 

R38 500 
1993 

Below: Algal rupture simulation chamber 
- used to simulate the rupture of algae in 
the Inanda Dam to Wiggins Waterworks 
and Nagle Dam to Durban Heights 
Waterworks systems. 

Development of a model for the 
projection of water demands in 
the supply area of the Bloemarea 
Water Board to the year 2020 
(No KV52/94) Institute for Economic Research, 
University of the OFS 

Accelerated urbanisation and the prob­
lems associated with it, place ever-
increasing pressure on water authorities 
for dedicated planning to satisfy future 
water demands of communities. 

For water boards and other large bulk 
water supply authorities, the only way of 
undertaking this planning exercise is 
through mathematical modelling. How­
ever, very few examples existed, necessi­
tating the Board to approach the Univer­
sity of the OFS to develop the necessary 
model by acquiring all the relevant data 
concerning demography, ethnic, socio-
economic, economic, techno-economic, 
natural and diverse factors as well as 
water restrictions. The model had to 
satisfy the following conditions: 

• It should be able to reflect historical 
water consumption reasonably well by 
considering rainfall, price and popula­
tion factors 

• It must project water consumption by 
using predicted values of the relevant 
variables 

" To enable the model to be applied in 
a specific town or supply area, it is 
essential that local available data can 
be used. 

Two approaches for the model were tes­
ted. The structure-analysis method calcu­
lates water demand from expected 
future changes in the structure of the 
area such as population tendencies, 
expected rise in standards of living, and 
economic and development growth, 
while the regression-analysis method is 
based on available historical data and 
tendencies. 

The former method predicted a 
growth from 50 x 106 k/ to 76 x 106 k/ 
by 2020, while the latter method pre­
dicted a change from 61 to 91 x 106 k/ 
over the same period. 

The models were also tested on data 
from Pretoria and Kimberley which 
showed that regression coefficients can­
not be transferred, as is, from one area 
for use in another area. New coefficients 
will need to be determined in each appli­
cation of the model. 

Cost: R46 000 
Term: 1993-1994 

' /- ' 
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Evaluation of water pipe leaks in the Johannesburg municipal area: 

General type of corrosion (thinning wall arrowed). Stray current on pipe samples after cleaning (note melted parts). 

Occupational competencies for 
the occupation of watercare 
operator and watercare manager 
(KV55/94) MTI Manpower Consulting Services 

This consultancy addressed the need for 
a thorough knowledge of the occupa­
tional competencies required for each of 
the functional competencies defined in a 
previous report (KV35/92) as an essential 
step in the development of curricula. The 
report is presented as a series of tables, 
each listing the occupational competen­
cies for a specific functional competency 
and, in addition, the levels at which both 
personnel in the industry and in educa­
tional institutions serving the industry 
would expect an employee to be able to 
perform each task. 

Cost-
Term: 

R85 000 
1991-1993 

New projects 

Evaluation and optimisation of 
a cross-flow microfilter for the 
production of potable water 
(No 662) Pollution Research Group, University of 
Natal 

The supply of potable water to rural and 
peri-urban areas is a national develop­
ment priority. This may be effected by 
the installation of package microfiltration 
plants which can operate at full capacity 
within days of purchase. Cross-flow 
microfiltration has gained recognition as 

a technology which can produce a high 
quality water at an economically viable 
production rate. Certain modifications 
have to be implemented in existing 
equipment to render it robust, reliable, 
cost-effective and easy to clean. The 
dead-end mode of operation of the 
cross-flow microfilter appears to be a 
very attractive option - yielding a similar 
permeate production rate to the normal 
high-velocity cross-flow microfiltration, 
but at a significantly reduced energy 
consumption. Such a mode of operation 
may be ideal for use in rural areas. 

Estimated cost: R383 000 
Expected term: 1995-1996 

Pricing water as an economic 
resource 
(No 678) Palmer Development Group 

Water is economically a scarce commodi­
ty with increasing and high marginal cost 
of supply. Currently price signals from 
the supply side are significantly distorted 
and arguably lead to inefficient and 
inequitable conservation and allocation 
decisions. The objectives of the research 
project are mainly to review international 
trends in water pricing theory and prac­
tice; propose pricing policy principles; 
and develop a pricing methodology. The 
proposed approach is a case study of re­
sidential and commercial water use in a 
highly urbanised and largely rural catch­
ment. Secondary data will be used to 
determine, inter alia, short- and long-
term price elasticities, marginal costs and 
tariff structures, and assess the effective­

ness of the proposals. The information is 
expected to fulfil requirements of policy­
makers, water resource and water utility 
managers. 

Estimated cost: 
Expected term: 

R571 300 
1995-1998 

Compilation of a computerised, 
diagnostic system for algal-
related water purification 
problems 
(No 679) Scientific Services, Rand Water 

Certain algal species prevalent in South 
Africa's eutrophic waters are more prob­
lematic than others in that they are more 
difficult to remove, cause more taste and 
odour problems and generally increase 
the cost of water purification. A need 
exists at water treatment utilities to 
rapidly identify these problematic algal 
species and to take corrective action. 

The aims of the project are therefore: 

• To compile a diagnostic identification 
system, allowing treatment plant per­
sonnel to identify problematic algae 
from computerised photographs of 
these algae 

• To provide plant personnel with an 
accompanying computerised decision-
support system to subsequently assist 
them in taking the necessary and cost-
effective corrective actions. 

Estimated cost: R446 400 
Expected term: 1995-1998 
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Treatment of eutrophic waters 
using pre- and intermediate 
ozonation, peroxone and Pica 
carbon 
(No 694) Process Services, Umgeni Water 

This project entails the first comprehen­
sive study to provide guidelines for the 
treatment of South African eutrophic 
waters using advanced oxidation in con­
junction with activated carbon filters. As 
surface waters become more organically 
polluted and eutrophic, water utilities 
will increasingly be compelled to imple­
ment this technology. Comparative stu­
dies on a new type of activated carbon 
to limit regeneration frequency could 
have a positive effect on limiting the 
costs of using activated carbon. These 
guidelines, and especially the test proto­
col to be incorporated into the guide­
lines, may be of value to all potential 
users of such processes. 

Estimated cost: 
Expected term: 

R600 000 
1995-1997 

Prediction of chlorine losses 
from potable water in pipeline 
systems 
(No 704) Scientific Services, Rand Water and Depart­
ment of Civil Engineering, Rand Afrikaans University 

Even though the effective disinfection of 
purified water right up to the consumer's 
tap is recognised as being of crucial 
importance, the prediction of chlorine 
losses in the distribution system remains 
very problematical. The aims of this pro­
ject are to overcome these problems 
through: 

• Determination of typical loss factors 
for various surfaces found in these dis­
tribution systems 

• Compilation of a computerised model 
to allow more accurate prediction of 
initial chlorine dosage levels required 
for various distribution subsystems and 
operating conditions, to ensure ade­
quate free chlorine at the consumer 
end. 

Estimated cost: 
Expected term: 

R99 000 
1995-1996 

Re-evaluation of the existing 
guidelines for urban and 
industrial water supply, based 
on measured water uses. 
Phase 1: Pretoria supply area 
(No 705) Department of Civil Engineering, University 
of Pretoria 

Some 15 years' water consumption data, 
which can be related to factors such as 
the size of and the tax payable on 
premises, price elasticity, etc., are cur­
rently still available on the Pretoria City 
Council's computer network. 

The project aims to extract and analyse 
the data to determine, inter alia, the 
effect of water restrictions, micro-climate 
and seasons on the water consumption 
of different water users. The results of 
the analysis will also serve to re-evaluate 
the guidelines pertaining to water provi­
sion for residential areas as currently 
embodied in the Guidelines for the Provi­
sion of Engineering Services in Residen­
tial Townships, which were published in 
1982 by the Department of Community 
Development. 

Estimated cost: 
Expected term: 

R96 600 
1995 

Dr J Clasen (right), a 
visiting scientist of the 
Wahnbachtal Sperrenver-
band Siegburg, Germany, 
seen together with Prof 
AJH Pieterse (left) of the 
Potchefstroom University, 
South Africa. Both are 
involved in research on 
occurrence and distribu­
tion of algal species. 

C O W T f i C T P E R S O N S 
• Mr G Offringa 

(Water Treatment and Reclamation) 
• Mrs APM Oelofse 

(Drinking-water Quality and Health 
Aspects) 

° Mr HC Chapman 
(Water Supply, Water Loss Control 
and Corrosion) 

• Dr TC Erasmus 
(Cross-flow Microfiltration) 

• DrSA Mitchell 
(Bioassaying) 

• Dr HM Saayman 
(Membrane Applications) 

<ff (012)330-0340 

Research projects 

Completed 
8 451 Occurrence of protozoan 

parasites in South African drinking 
water (CSIR - Division of Water 
Technology) 

• 472 Characterisation of South 
African media for sand filtration 
(Rand Afrikaans University-
Department of Civil Engineering) 

• 610 The evaluation of rapid meth­
ods for the detection of indicator 
organisms in water (CSIR -
Division of Water Technology) 

• KV55/94 Occupational competen­
cies for the occupation of watercare 
operator and watercare manager 
(MTI Manpower Consulting Services) 
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Completed continued 
8 KV52/94 Development of a model for 

the projection of water demands in the 
supply area of the Bloemarea Water 
Board to the year 2020 (University of the 
OFS - Institute for Economic Research) 

8 KV66/94 Education and training of 
watercare operators - Part 2 (MTI 
Manpower Consulting Services) 

Current 
• 259 Effect of water quality and chemical 

composition on the corrosivity in mild 
steel pipelines (Rand Water) 

8 280 Evaluation of full-scale flotation-fil­
tration and chlorine dioxide plants (OFS 
Gold Fields Water Board) 

• 282 Development of a combination of 
sedimentation, flotation and sand filtra­
tion processes for water treatment 
(SEDIDAFF) (CSIR - Division of Water 
Technology) 

• 354 Evaluation and development of 
deep-bed filtration for the treatment of 
South African surface waters (CSIR -
Division of Water Technology and Local 
Government Affairs Council) 

• 358 Development of guidelines for toxic-
ity bioassaying of drinking and environ­
mental waters in South Africa (CSIR -
Division of Water Technology) 

• 363 Development and evaluation of 
small-scale potable water treatment 
equipment (University of Natal - Depart­
ment of Chemical Engineering and 
Umgeni Water) 

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

• 383 Holistic approach to affordable plan­
ning and maintenance of water and 
sewer systems (Water Management Ser­
vices) 

• 443 Compilation of guidelines for the 
use of peroxone and other oxidants in 
the treatment of eutrophic water (CSIR -
Division of Water Technology) 

• 446 Ozonation in the production of 
potable water from polluted surface 
water (University of Pretoria - Depart­
ment of Chemical Engineering, Division 
of Water Utilisation Engineering and 
Rand Water) 

• 449 Evaluation of non-conventional dis­
infection technologies for small water 
systems (CSIR - Division of Water 
Technology) 

• 450 Performance criteria for package 
water treatment plants (Umgeni Water 
and University of Natal - Department of 
Chemical Engineering, Pollution 
Research Group) 

» 470 Application of health risk assess­
ment techniques to microbial monitoring 
data (CSIR - Division of Water Tech­
nology) 

» 488 Optimisation of the Rand Water sys­
tem (University of the Witwatersrand -
Water Systems Research Group) 

> 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.) 

> 504 Guide for water purification and 
plant design: Phases 2 and 3 (Dr FA van 
Duuren) 

■ 534 Guidelines for the treatment of East­
ern and Southern Cape coloured water 
(CSIR - Division of Water Technology) 

1 537 Guidelines to coagulation and floc-
culation for South African waters (Pavel 
Polasek Association) 

■ 540 Evaluation of the use of bacterio-
phages as indicators for water quality 
(University of Pretoria - Department of 
Medical Virology) 

541 Bio-degradable organic compounds 
and microbial regrowth in drinking water 
(Rand Water) 
549 Algal toxins in drinking-water sup­
plies (CSIR - Division of Water Technolo­
gy and Umgeni Water) 
557 Optimal operation of combined 
flotation/filtration of eutrophic surface 
water (Rand Afrikaans University - Labo­
ratory for Energy) 

558 Algal rupture - Further investigation 
(Umgeni Water) 
567 Occurrence and distribution of algal 
species and related substances in a full-
scale water purification plant (University 
of the OFS - Department of Botany and 
Genetics) 

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

584 Atlas of potentially water-related 
disease in South Africa (University of 
Cape Town - Department of Community 
Health) 

587 Evaluation of water pipe leaks in the 
Johannesburg municipal area (CSIR -
Division of Materials, Sciences and 
Technology) 

• 591 Study for the provision of point-
source water by air-gap membrane 
distillation (University of Stellenbosch -
Institute for Polymer Science) 

= 611 Development of procedures for bio-
degradability testing of organic chemical 
compounds (CSIR - Division of Water 
Technology) 

8 613 Stabilisation of aggressive and 
corrosive waters (CSIR - Division of 
Water Technology) 

• 614 Expert system for water treatment 
plant design and analysis (Wates, Meir-
ing and Barnard Inc., Sutherland and 
Ass.) 

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

• 621 Balancing tank control application 
(Watson Edwards Inc.) 

• 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) 

New 
• 662 Evaluation and optimisation of a 

cross-flow microfilter for the production 
of potable water (University of Natal -
Pollution Research Group) 

• 678 Pricing water as an economic 
resource (Palmer Development Group) 

8 679 Compilation of a computerised 
diagnostic system for algal-related water 
purification problems (Scientific Services 
- Rand Water) 

8 694 Treatment of eutrophic waters using 
pre- and intermediate ozonation, perox­
one and Pica carbon (Umgeni Water) 

8 704 Prediction of chlorine loss from 
potable water in pipeline systems (Rand 
Afrikaans University - Department of 
Civil Engineering) 

8 705 Re-evaluation of the existing guide­
lines for urban and industrial water s 
upply, based on measured water uses 
Phase 1: Pretoria supply area (University 
of Pretoria - Department of Civil 
Engineering) 
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Hfl&BDiicipal e f f luen ts 

Research into the treatment of munici­
pal effluents for the production of the 

best possible effluent concomitant with 
the available technology is important for 
South Africa. The prolonged drought 
which the country as a whole has been 
facing for the past few years continued 
during 1995, and this situation highlights 
our dependence on the discharge of 
high quality effluent into rivers for reuse 
downstream. Research is continuing on 
the optimisation of the large nutrient 
removal activated sludge plants as well 
as the upgrading (either mechanically or 
by management) of older works such as 
biofilter or oxidation ponds. 

Research on nutrient removal from 
effluents high in nutrients (N and P) but 
low in organic matter (COD), long a 
problem in biological nutrient removal 
(BNR) plants, has been identified as ha­
ving a high priority. Sludge dewatering 
liquors from BNR plants have often, in 
the past, been irrigated as a means of 
disposal. Some local authorities opera­
ting within the area affected by the spe­
cial phosphate standard are now accep­
ting septic tank effluent from some 

developments. This effluent cannot be 
kept separate from the mainstream, and 
the imbalance of nutrients to COD 
means that nutrients cannot be removed 
solely by biological means. 

The PETRO process, which combines oxi­
dation ponds with biofilters to produce a 
high quality effluent, continues to perform 
well. A follow-up project on this process 
was started during 1995 specifically 
researching the microbial processes such as 
the ability of the process to remove algae 
from oxidation pond effluent. 

The Co-ordinating Committee for 
Municipal Waste Water met during the 
year and, in addition to giving guidance 
on proposals submitted for funding in 
1996, also completed a review of the 
research plan for the field. This task had 
been made necessary by the transfer of 
the two most important goals to the Co­
ordinating Committee for Research on 
Water and Sanitation in Developing Rural 
and Urban Communities. The new 
research plan is available from the WRC. 

This field comprises Sewage Purifica­
tion, Sewage Sludge Treatment and 
Disposal, and Wetlands. 
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Completed projects 

Full-scale pilot-plant studies on 
phosphate crystallisation in 
biological systems 
(No 366) Division of Water Technology, CSIR and 
City Council of Pretoria 

To protect the environment the levels of 
phosphate in municipal discharges must 
be reduced. An alternative to conven­
tional removal methods is phosphate 
crystallisation technology which exploits 
the best characteristics of the chemical, 
physical and biological driving forces in 
an integrated system. 

Using a pilot-scale fluidised-bed crys-
talliser erected at Pretoria's Daspoort acti­
vated sludge plant, the study aimed to 
establish the critical design and operat­
ing requirements of the system. 

The study revealed, inter alia, that: 

• Suitable quartz sand can be used as 
crystallisation seed material in the 
fluidised bed 

• The crystalliser influent Ca:P mass ratio 
should be as close as possible to the 
2:1 stoichiometric requirement 

• Water with a high alkalinity requires 
effective C02 degassing to prevent the 
precipitation of CaC03 in preference 
to hydroxyapatite 

• Appropriate automated pH control is 
an absolute necessity for effective per­
formance 

e If C02 removal is necessary, the treat­
ment costs amount to R2,11/m3. This 
reduces to R1,02/m3 if degassing is not 
essential. 

Due to practical difficulties, no full-scale 
evaluation of the crystallisation system 
was undertaken. 

Cost: 
Term: 

R390 000 
1991-1993 

Development of electro-osmotic 
sludge dewatering technology 
(No 427) Division of Water Technology, CSIR 

During this project a pilot-scale electro-
osmotic filter belt press for sludge dewa­
tering was tested. The principle used by 
this method differs from that used by 
other electro-osmotic processes. The 
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small size of the pilot plant made direct 
comparisons with full-scale plants diffi­
cult for reasons such as the increased 
edge effect of the narrow belt used by 
the pilot plant. However, it was shown 
that, on certain sludges, the electro-
osmotic filter belt press could achieve up 
to 45% solids with an energy consump­
tion (in kWh/kg dry solids) of 0,08 to 
0,13. This compares favourably with the 
power consumption of conventional 
dewatering devices. The process is cur­
rently being further developed by the 
Industrial Development Corporation and 
Steinmuller. 

Cost: R396 500 
Term: 1992-1993 

Bio-augmentation technology for 
waste-water treatment in South 
Africa 
(No 429) Division of Water Technology, CSIR 

During this project recommendations 
were made for the development of 
guidelines for the application of this 
emerging technology in South Africa 
as it is already a major industry in the 
developed world. A standard protocol 
was also developed for the testing of 
various products so that their perfor­
mance could be compared. Techniques 
for the isolation and storage of suitable 
micro-organisms are described, and a 
successful full-scale case study is 
described and priced. 

Cost: R357 WO 
Term: 1992-1994 

Bioremediation technology for 
the treatment of contaminated 
seepage water and soil in South 
Africa 
(No 543) Division of Water Technology, CSIR 

This project covers the bioremediation of 
contamination by petrochemical hydro­
carbons. During laboratory studies it 
became apparent that existing methods 
for the recovery of phenol from soil were 
inadequate, so a new technique, giving 
improved recoveries, was developed. 

A survey of the current use of biore­
mediation by South African industry is 
given. Various methods of applying 

bioremediation are also described, and 
the project closed with the analysis of a 
full-scale application of the technology. 

Cost: R453 200 
Term: 1993-1995 

New projects 

Determination of dissolved 
carbon load in raw and other 
sewage, and the determination 
of a relationship between COD 
and DOC (chemical oxygen 
demand and dissolved organic 
carbon) 
(No 668) East Rand Water Care Company 

Currently, chemical oxygen demand 
(COD), although being the standard for 
the discharge of waste waters, cannot be 
incorporated into sewage works automa­
tion. Dissolved organic carbon (DOC) 
can, on the other hand, be used for 
automating a plant. 

The aims of this project, therefore, 
include: Finding the ratio between COD 
and DOC in various locations on an acti­
vated sludge plant; investigating the use 
of organic carbon loading in the control 
of aeration and investigating the effect 
of the various carbon ratios on aspects 
of micro-organism growth and electrical 
energy input into the activated sludge 
plant. 

Estimated cost: R100 000 
Expected term: 1995-1996 

Laboratory and pilot-plant bio-
reactor development for reme­
diation of metal-contaminated 
waste water using activated 
sludge as biosorbent 
(No 688) Department of Biotechnology, Technikon 
Natal 

In recent years the disposal of heavy 
metals to the environment has received 
much attention from environmentalists 
and legislators. Their concern stems from 
the toxicity and hazardous nature of 
many of these pollutants. Activated 
sludge is a biological adsorbent whose 
potential to remove heavy metals from 
industrial effluents has already been 
demonstrated in a laboratory-scale reac­

tor. The present study will investigate the 
feasibility of developing a full-scale bio-
reactor for the treatment of industrial 
waste waters. It is envisaged that the 
process will be inexpensive (since the 
biosorbent is a waste material), efficient 
and reasonably flexible in operation. 

Estimated cost: R256 000 
Expected term: 1995-1996 

Treatment of waste waters with 
high nutrients (N and P) but low 
organic (COD) contents 
(No 692) Department of Civil Engineering, University 
of Cape Town 

During this project, technologies for 
treating waste waters high in nutrients 
(N and P) but low in organic (COD) con­
tent will be investigated, developed and 
refined. The following waste waters will 
be investigated: 

Septic tank effluents. Septic tank efflu­
ents cannot be satisfactorily treated in 
BNR activated sludge plants due to their 
nutrient imbalance. 

Activated sludge dewatering liquors 
and anaerobic digester supernatants. 
If these are returned to the head of 
works, the plant will not achieve the 
results that it should. 

Stabilised landfill leachates. These 
leachates are not only very concentrated, 
but the COD/N ratio is not always con­
ducive to satisfactory treatment by con­
ventional means. 

Trickling filter effluents. There are 
many trickling filter plants in South 
Africa, and the effluents are high in 
nutrients. 

Estimated cost: R306 000 
Expected term: 1995-1997 
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Calibration of open channel 
f low measuring systems using 
laboratory calibrated velocity-
head electronic measuring 
instruments, and by applying 
the continuity principle 
(No 707) East Rand Water Care Company, through 
Sigma Beta (CE) 

To date there is no reliable method to 
determine the accuracy of a flow meter 
installed in a flume that does not comply 
with the required standards of accuracy. 
Inaccurate readings can result in substan­
tial over- or underpayment by the con­
sumer. 

The project aims to develop a calibra­
tion method for open channel flow 
meters by using the continuity principle. 

Although the study is being carried out 
on a sewage works, the outcome will be 
beneficial for the measurement of indus­
trial effluents in particular, and all large-
scale flow measurement in general. 

Estimated cost: 
Expected term: 

R86 600 
1995 

Removal of algal and other bio-
mass from treated waste waters 
employing the PETRO process 
(No 713) Wates, Meiring and Barnard (CE) Inc. 

This follow-up project will investigate the 
optimisation of the PETRO process for 
the treatment of waste water. Work was 
done on the process itself during the first 

project (No 491), and during this project 
the research will concentrate on the 
microbiological aspects of the process, 
specifically the ability of the PETRO 
process to remove micro-algae from oxi­
dation pond effluent. When properly 
optimised, the microbial diversity is 
greatly enhanced leading to enhanced 
treatment capacity. With fixed-film 
(biofilter) applications the micro-algae 
are retained in the film, and these 
metabolise heterotrophically in the dark, 
making an important contribution to the 
effluent treatment. 

Estimated cost: R489 000 
Expected term: 1995-1997 

Northern Waste-water Treatment Works at Sea Cow Lake, Durban. 
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Research projects 

Completed 
o 366 Full-scale pilot plant studies on 

phosphate crystallisation in biological 
systems (CSIR - Division of Water Tech­
nology and City Council of Pretoria) 

o 427 Development of electro-osmotic 
sludge dewatering technology (CSIR -
Division of Water Technology) 

•> 429 Bio-augmentation technology for 
waste-water treatment in South Africa 
(CSIR -Division of Water Technology) 

• 543 Bioremediation technology for the 
treatment of contaminated seepage 
water and soil in South Africa (CSIR -
Division of Water Technology) 

Current 
• 248 Chemical augmentation of biologi­

cal phosphate removal (City Council of 
Johannesburg) 

• 316 Aspects of sewage sludge treatment 
and disposal (City Council of Johannes­
burg) 

• 328 Full-scale study of chemical sludge 
bulking control (University of Pretoria -
Department of Chemical Engineering) 

• 356 Consolidation of activated sludge 
research (University of Cape Town -
Department of Civil Engineering) 

• 391 Co-disposal of sewage sludge and 
refuse (City Council of Cape Town) 

• 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 Inc. and CSIR - Division 
of Water Technology) 

• 496 Human viruses in diffuse effluents 
and related water environments 
(University of Pretoria - Department 
of Medical Virology) 

• 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 optimisa­
tion of biological phosphorus removal 
(University of Pretoria - Department 
of Microbiology and Plant Pathology) 

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

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

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

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

• 597 Technology adaption for successful 
application of septic tank systems in the 
coastal zone (CSIR - Division of Water 
Technology) 

• 602 Application of chemical equilibrium 
to the control of struvite and calcite 
precipitation in waste-water treatment 
(University of Cape Town - Department 
of Civil Engineering) 

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

• 605 Municipal sewage sludge disposal: 
Development of guidelines and expert 
systems (CSIR - Division of Water 
Technology) 

• 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) 

• 607 Compilation of an operating manual 
for biological nutrient removal waste-
water treatment works (Stewart Scott 
(CE) Inc.) 

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

• 623 Bioremediation of a river system 
using the Alpha Biocatalyst 
(Alpha Biotech CC) 

New 
• 668 Determination of dissolved carbon 

load in raw and other sewage and the 
determination of a relationship between 
COD and DOC (chemical oxygen 
demand and dissolved organic carbon) 
(East Rand Water Care Company) 

• 688 Laboratory and pilot-plant bio­
reactor development for remediation 
of metal-contaminated waste water 
using activated sludge as biosorbent 
(Technikon Natal - Department of 
Biotechnology) 

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

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

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

C C S E H T A C T P E G? S © W S 
• Dr SA Mitchell and 

Mr Z Ngcakani 
(Nutrient Removal and Sludge 
Treatment) 

o Mr HC Chapman 
(Low-cost Sanitation) 

f ^ (012) 330-0340 
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Water pollution 

Despite its efforts to contain water 
pollution through the enforcement 

of uniform effluent standards, the DWAF 
has found the quality of our water 
resources to be deteriorating in some 
parts of the country. This has led the 
Department to adopt a new approach to 
protect water quality. They now endea­
vour to manage the quality of water 
bodies in such a way that it remains fit 
for its users. Since the emphasis is now 
on the management of water quality, 
rather than on the more restricted activi­
ties to control the pollution originating 
from point sources, much more attention 
than earlier is being paid to quantifying 
and controlling pollution originating 
from non-point (diffuse) sources. Non-
point sources are much more difficult to 
quantify and control. The WRC is conse­
quently investing more in research on 
these aspects. 

Pollution of water affects its suitability 
for all uses - thereby posing a threat to 
sustainable industrial, agricultural and 
other development. Since humans 
require fairly high quality water to fulfil 
their needs, the national aim to meet the 
basic water needs of the people of our 
country is likewise threatened by water 
pollution. The ability to provide users 
with water of an acceptable quality may 
prove to be more difficult to achieve 
than providing them merely with an ade­
quate supply. Water-rich countries often 
have the luxury of solving some of their 
water pollution problems by making use 
of the dilution capacity of surplus water 
supplies but a water-scarce country such 
as South Africa has to concentrate on 

the control and prevention of pollution. 
In order to help meet the challenge of 
ensuring the supply of water of ade­
quate quality for the different users, the 
WRC follows a two-pronged research 
strategy: on the one hand research is 
being conducted to eliminate pollution 
as far as possible, while on the other the 
levels of pollution which consumers 
could tolerate are being determined. 

Water pollution often manifests itself 
as specific problems. The WRC has been 
funding projects that address pollution 
problems in the fields of salinity, eutro-
phication, other surface water quality 
studies and marine disposal. 

Salinisation remains one of the con­
sequences of water pollution which 
cause widespread problems in South 
Africa. However, most of these problems 
go unnoticed, or remain unconnected by 
consumers. Salinisation is the result of 
the addition of a variety of salts to the 
water environment which virtually inevi­
tably results from the increasing use and 
reuse of water associated with develop­
ment. With increasing salinity the water 
becomes less fit for most users, thereby 
incurring additional costs. 

Eutrophication is the enrichment of 
the water environment with plant nutri­
ents and the consequent abundant 
growth of algae and aquatic plants. Seri­
ous problems pertaining to the need to 
purify water and to combat defacement 
of the water environment arise, while 
certain algae also excrete toxins. 

The gradual deterioration of water 
quality and the growing 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 quali­
ty studies are being conducted to 
address problems associated with micro-
bial pollution, sediments and other water 
constituents, as well as to improve the 
means to cope with them. 

Marine disposal often is more eco­
nomical than the land-based treatment 
of effluents. However, the sea's limited 
assimilation capacity is increasingly being 
recognised. Because marine disposal is 
so'metimes used for the disposal of sub­
stances detrimental to the marine envi­
ronment, and because of the unfavou­
rable publicity associated with such 
abuses and with pipelines which are 
poorly designed or operated, public 
resistance to marine disposal is increa­
singly being experienced world-wide. It 
is nevertheless a practice which is widely 
(also in South Africa) adopted by coastal 
communities to dispose of their efflu­
ents. The WRC finances projects in order 
to enable the responsible consideration 
of marine disposal as an alternative to 
land-based disposal. 

Completed projects 

Field dilution studies on large 
off-shore pipelines 
(No 364) Division of Earth, Marine and Atmospheric 
Science and Technology, CSIR 

The efficacy of an off-shore pipeline is 
governed largely by the initial dilution 
and to a lesser extent by the subsequent 
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secondary dilution caused by ocean cur­
rents. Initial dilution arises from the 
entrainment of sea water during the rise 
of the buoyant effluent from the pipe­
line's diffuser to the surface of the sea. 

This project studied the performance 
of the pipelines at Richards Bay, Mossgas 
and Hout Bay. These are representative 
not only of various outfall designs and 
effluent types, but also cover the diverse 
physical conditions along the South 
African coastline. The data gathered 
served to assess which of the four avail­
able initial dilution models is suitable for 
the design of future long ocean outfalls. 

It was found that the relatively simple 
model developed by the UK Water 
Research Centre can be applied with 
confidence, as it predicts achievable ini­
tial dilutions as accurately as that of the 
more sophisticated models. The more 
sophisticated models are useful when 
more details on the behaviour of a rising 
plume may be required. 

Cost: R205 000 
Term: 1991-1994 

Preparation of a manual for 
waste load allocation in South 
Africa 
(No 404) Environmental Services, CSIR and the 
DWAF 

In recognition of the fact that the en­
forcement of uniform effluent standards 
would not offer sufficient protection of 
water quality in future, the DWAF adop­
ted a more comprehensive approach 
towards controlling the impacts of efflu­
ents on the quality of receiving water 
bodies. This approach, inter alia, recog­
nised that the capacity of water bodies 
to assimilate waste is limited and must 
be managed in a sustainable way. 

This project was undertaken in order 
to formalise the assessment of the im­
pact of effluent discharge on receiving 
water bodies and to ensure its consistent 
application in practice. 

The manual which was developed, 
describes the procedures which must be 
followed to assess the impacts of efflu­
ent discharges on the quality, and there­
fore the fitness for use, of receiving 
water bodies. These assessments will be 
used by the Department to decide 
whether an application to discharge an 

effluent will be granted or not, and, if it 
is granted, which requirements the dis­
charger should comply with. It therefore 
forms one of the corner-stones of the 
Department's current approach to the 
management of effluent discharges. 

Cost: R685 441 
Term: 1991-1995 

Development of a rule model 
for the design of stream water 
quality monitoring strategies in 
the forestry industry 
(No 524) Division of Forest Science and Technology, 
CSIR 

As a result of the greater emphasis the 
DWAF is placing on water pollution origi­
nating from diffuse sources, there is an 
increasing need for information on the 
impact of different land-use practices on 
water quality. This project made use of 
data on water quality which were col­
lected under a wide range of flow condi­
tions, for a variety of forest management 
practices, in order to determine the 
effect of forest management on water 
quality and to identify water quality vari­
ables that could serve as indicators of 
forestry impacts. 

Suspended sediment and plant nutri­
ent content of flow provided good indi­
cations of the effects of most forest 
management practices. Results of the 
investigation were, furthermore, used 
to prepare guidelines to assist forest 
managers in designing cost-effective 
water quality monitoring systems for 
forested catchments. 

Cosf R122 557 
Term: 1991-1994 

Demonstrating the potential 
of geographical information 
systems technology in hydro-
salinity modelling by using the 
DISA-model 
(No 588) Institute for Geographical Analysis, 
University of Stellenbosch 

Most hydrological models require geo­
graphically based input data. Prior to the 
advent to geographic information sys­
tems (GIS) most of the required data 
were obtained by using labour-intensive 

methods to survey existing maps and 
by subjecting the survey results to arith­
metic manipulations. Because of the 
time-consuming nature of this process, 
the full potential of hydrological models 
could often not be realised. Because of 
the need to combine the skills of diver­
gent disciplines, the potential of GIS 
technology is even now mostly not fully 
utilised in hydrological modelling. 

This project aimed to demonstrate the 
potential of GIS technology by integra­
ting GIS with the DISA-model (a daily irri­
gation and salinisation systems model). 

In spite of some problems being 
encountered, an interface between GIS 
and the DISA-model was successfully 
developed and implemented. It was con­
cluded that the use of GIS offers a num­
ber of significant advantages in the 
application of the DISA-model, including 
faster spatial data capture, powerful 
visual tools for error detection and auto­
mated spatial data analysis. 

Cost: R47 300 
Term: 1993-1994 

New projects 

Comparison of predicted secon­
dary dilutions of deep sea marine 
outfalls to measured field data 
and the determination of proto­
type diffusion coefficients 
(No 675) Division of Earth, Marine and Atmospheric 
Science and Technology, CSIR 

The efficacy of an off-shore pipeline is 
governed by both the initial dilution and 
the subsequent secondary dilution. Initial 
dilution arises from the entrainment of 
sea water during the rise of the buoyant 
effluent from the pipeline's diffuser to 
the surface of the sea. Sea currents 
transporting the surfaced effluent away 
from the "boil", i.e. the area where the 
effluent surfaces, cause further ingress of 
sea water into the effluent to effect the 
so-called secondary dilution. 

The performance of the pipelines at 
Richards Bay, Mossgas and Hout Bay was 
used in a preceding study by the CSIR to 
evaluate existing initial dilution models. 
Models to predict the secondary dilution 
and the concomitant decay of microbial 
organisms are available, but have not 
been evaluated under actual South 
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African conditions. This project aims to 
effect this by means of the data genera­
ted in preceding studies. 

Establishment of the most appropriate 
secondary dilution model would bridge 
the remaining knowledge gap to enable 
improved design and hence cost-effecti-
vity of future deep-sea outfalls for the 
South African coast. 

Estimated cost: RW7 100 
Expected term: 1995 

Development of a guide to assess 
non-point source pollution of 
surface water resources in South 
Africa 
(No 696) Sigma Beta (CE) and the DWAF 

Non-point source pollution is more diffi­
cult to quantify and manage than point 
sources. Although local information is 
limited, it is increasingly realised that 
many catchments have zones where 
non-point (diffuse) sources contribute 
more to water quality deterioration than 
do point sources. 

This project will develop a South 
African handbook for the characterisa­
tion and quantification of non-point 
sources. It will also develop a GIS-based 
set of information on current day non-
point loadings in heavily impacted basins 
for selected water quality constituents. 

Estimated cost: R840 000 
Expected term: 1995 - 1 998 

Modelling the long-term effect of 
atmospheric deposition on the 
salinity of catchment runoff with 
special reference to the Vaal Dam 
catchment 
(No 697) Stewart Scott (CE) Inc. 

A gradual deterioration in the quality of 
runoff from the Vaal Dam catchment is 
being observed. Atmospheric deposition 
of pollutants emitted by the burning of 
fossil fuels has been identified as a possi­
ble indirect source of Vaal Dam salinity. 

Preceding studies addressed some of 
the uncertainties which affected the 
validity of the calculated contributions by 
atmospheric deposition to Vaal Dam 
salinity. This project will study the pro­
cesses controlling the lag time between 
atmospheric input and the resulting 
long-term change in both surface- and 
groundwater quality, and develop a com­
puter model to simulate the long-term 
salt balance of Vaal Dam. 

Estimated cost: 
Expected term: 

R486 000 
1995-1996 

Guidelines for point-source 
pollution risk assessment as a 
decision-making tool for water 
quality management 
(No 706) Corporate Risk Management (Pty) Ltd 

Since past point-source pollution studies 
have not given adequate attention to the 
relative risks posed by various point 
sources in a given catchment area, this 
project aims to achieve the following: 

• Development of guidelines for point-
source pollution risk assessment to 
determine probability and severity of a 
particular occurrence, and to assist the 
water quality manager with the subse­
quent decision-making process 

• Proving the applicability of the guide­
lines using the Vaal Barrage catchment 
area as a case study. 

The product will be a practical, hands-on 
guideline, and lead the user into the 
decision-making process rather than sim­
ply quantifying the probability of occur­
rence of a particular event. 

Estimated cost: 
Expected term: 

R85 000 
1995 

Impact of urbanisation and 
industrialisation on the 
environment 
(No 717) Department of Chemistry, Vista University 
(Mamelodi Campus) 

This project is being run in an urban con­
text, and will investigate specific pollu­
tants arising in an urban environment 
and affecting the quality of the runoff 
from urban areas. 

An important spin-off from this project 
is that it will develop an awareness of 
the detrimental effects of urban pollu­
tion on runoff. 

Estimated cost: 
Expected term: 

R345 000 
1995-1997 
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Research projects 

Completed 
• 364 Field dilution studies on large off­

shore pipelines (CSIR - Division of Earth, 
Marine and Atmospheric Science and 
Technology) 

• 404 Preparation of a manual for waste 
load allocations in South Africa (CSIR -
Environmental Services) 

• 524 Development of a rule model for 
the design of stream water quality moni­
toring strategies in the forestry industry 
(CSIR - Division of Forestry Science) 

• 588 Demonstrating the potential of geo­
graphical information systems technolo­
gy in hydrosalinity modelling by using 
the DISA-model (University of Stellen-
bosch - Institute for Geographical Infor­
mation) 

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 Tech­
nology) 

• 312 Occurrence and accumulation of 
selected heavy metals in freshwater 
ecosystems affected by mine and indus­
trial polluted effluents (Rand Afrikaans 
University - Department of Zoology) 

• 359 Phytoplankton blooms in the Vaal 
River and the environmental variables 
responsible for their development and 
decline (University of the OFS -
Department of Botany) 

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

• 380 Investigation techniques for the 
determination of microbial aspects of 
water quality of South African rivers 
(CSIR - Division of Water Technology 
and Rand Water) 

• 405 Situation analysis of water quality 
in the Buffalo River, Eastern Cape, with 
special emphasis on the impact of low-
cost high-density urban development on 
water quality (CSIR - Division of Water 
Technology) 

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

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

• 420 Long-term salt balance of the Vaal-
harts irrigation scheme (Stewart Scott 
(CE) Inc.) 

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

' 447 Optimising diffuser design for off­
shore pipelines - Laboratory experiments 
(CSIR - Division of Earth, Marine and 
Atmospheric Science and Technology) 

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

• 498 Collection and evaluation of runoff 
water quality data from a disused feed-
lot in Natal (CSIR - Division of Water 
Technology) 

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

• 523 Lower Vet River water quality situa­
tion analysis with particular reference to 
the OFS gold-fields (Stewart Scott 
(CE) Inc.) 

• 536 Development of a dynamic model 
for the growth and bloom of algae in 
the Vaal River (University of the OFS -
Department of Applied Mathematics) 

• 574 Potential for the use of economic 
instruments to protect the quality of 
water resources in South Africa 
(Economic Project Evaluation (Pty) Ltd) 

• 583 Development of a laboratory river 
model to determine the environmental 
impacts of key xenobiotic compounds 
(University of Natal - International 
Centre for Waste Technology, and 
Umgeni Water) 

• 633 Management of urban impound­
ments (Johannesburg City Council and 
Stewart Scott (CE) Inc.) 

• 634 Quantifying the impact of the salini-
sation 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) 

New 
• 675 Comparison of predicted secondary 

dilutions of deep sea marine outfalls to 
measured field data and the determina­
tion of prototype diffusion coefficients 
(CSIR - Division of Earth, Marine and 
Atmospheric Science and Technology) 

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

• 706 Guidelines for point-source pollu­
tion risk assessment as a decision-
making tool for water quality manage­
ment (Corporate Risk Management 
(Pty) Ltd) 

• 717 Impact of urbanisation and industri­
alisation on the environment (Vista 
University - Department of Chemistry 
(Mamelodi Campus)) 

C O N T A C T P E R S O M S 

• Mr HM du Plessis 
(Salinisation, Eutrophication and 
Water Environment) 

• Dr H M Saayman 
(Water Environment) 

• Mrs APM Oelofse 
(Urban Runoff) 

• Mr G Offringa 
(Eutrophication) 

• Dr TC Erasmus 
(Marine Disposal) 
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Two significant milestones in ground-
water research were attained this 

year, the first being the publication of a 
manual on quantitative estimation of 
groundwater recharge and aquifer stora-
tivity. Our ability to provide accurate esti­
mates of groundwater recharge and 
aquifer storativity is crucial for sustain­
able development and management of 
groundwater resources. 

The second milestone took the form of 
2 map sheets depicting the groundwater 
resources of South Africa on a national 
scale. These products formed the culmi­
nation of a 5-year national mapping pro­
gramme with contributions by many 
local and international mapping experts. 
With groundwater being the preferred 
water supply source for many rural com­
munities, the contribution of the maps to 
the water supply goals of the RDP will be 
evident for years to come. 

The protection of South Africa's 
groundwater resources from the harmful 
effects of pollution was discussed at 2 
workshops this year, under the topics: 

The Preparation of an Aquifer Classi­
fication System for South Africa and 
An Assessment of the Impact of Agri­
cultural Practices on the Quality of 
Groundwater Resources in South 
Africa. Both these studies will contribute 
to the DWAF's groundwater quality 
management strategy currently in pre­
paration. 

Three international groundwater experts 
visited South Africa in 1995. All were 
exposed to groundwater research pro­
grammes and constructive contributions 
to the following current projects were 
made: 

• Dr Warren Wood, USGS, Reston, USA: 
Geochemistry and isotopes for 
resource evaluation in the frac­
tured rock aquifers of the Table 
Mountain Group 

• Prof Wolfgang Kinzelbach, Heidelberg 
University, Germany: Analysis and 
interpretation of aquifer tests in 
secondary aquifers; Extension and 

refinement of the Aquamod 
computer software package 
Prof Arrie Issar, Desert Research Insti­
tute of the Negev, Israel: Regional 
characterisation and mapping of 
Karoo fractured aquifer systems; 
Geochemistry and isotopes for 
resource evaluation in the frac-
tured-rock aquifers of the Table 
Mountain Group; Isotopic and 
chemical signatures of water in 
the Transvaal dolomite springs. 

Completed projects 

Preparation of a manual on 
quantitative estimation of 
groundwater recharge and 
aquifer storativity 
(No 353) Water Resources Evaluation and 
Management and the DWAF 

Reliable estimation of groundwater 
recharge remains one of the major chal­
lenges in the assessment, effective utili­
sation and sustainable management of 
groundwater, especially in semi-arid to 
arid regions of the world. Although there 
are various well-established methods for 
the quantitative estimation of recharge, 
few can be applied successfully to these 
semi-arid environments. This has in many 
instances led to an over-exploitation of 
groundwater resources and the resultant 
failure of boreholes, particularly during 
drought conditions. 

A significant milestone in groundwater 
research was attained this year with the 
publication of a manual on quantitative 
estimation of groundwater recharge and 
aquifer storativity. A wide range of me­
thods for the estimation of recharge 
were examined during the course of the 
study and are documented in the manu­
al, together with a selection of case 
studies, where one or more of the tech­
niques have been employed. Not only 
does the manual provide a thorough 
examination of the subject of recharge 
in South Africa, but it will serve as an 
important foundation for future research 
into this topic. 

* rJ'1,i>- f V M r f i n P 
Cost: 
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R70 000 
1991-1994 
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Use of geographic information 
systems and other computer-
aided drafting facilities for the 
production of geohydrological 
maps 
(No 377) Institute for Groundwater Studies, 
University of the OFS 

In the compilation of hydrogeologicai 
maps, particularly those which make up 
the 1:500 000 regional hydrogeologicai 
map series, it was deemed as essential to 
link facilities which store point data (such 
as the National Groundwater Database 
and HydroCom) with a geographic infor­
mation system (such as ARC/INFO). In 
this manner the point data can be inter­
rogated and displayed as a spatial cover­
age. 

By combining the development of spe­
cialised programs to process point infor­
mation with existing ARC/INFO routines, 
a system for assisting the map compiler 
in producing a hydrogeologicai map, 
termed Geographic Groundwater Inter­
pretation System (GGIS) was created. 
This data interpretation system will be of 
considerable benefit to the compilers of 
the regional hydrogeologicai map series. 

Cost: R876 000 
Term: 1991-1994 

Compilation of a hydrogeologicai 
map of South Africa 
(No 483) JR Vegter Esq. and the DAWF 

Advances in hydrogeology over the past 
years, and the increasing demand on 
groundwater resources, have given rise 
to the need to portray hydrogeologicai 
information in such a manner that plan­
ners and various groundwater users can 
make decisions by means of a quick and 
accurate overview of the most up-to-
date information. Hydrogeologicai maps 
are seen as a powerful tool to meet this 
objective. 

The preparation of a national-scale 
hydrogeologicai map of South Africa 
represents the culmination of a three-
phased process, commencing in 1990 
with the preparation of a map of 
groundwater regions and subregions, 
followed the next year by a document 
detailing the hydrogeologicai map 
legend and mapping protocol. 

This map has been published on two 
sheets, the first depicting borehole 
prospects and the second saturated 
interstices, together with inset maps of 
mean annual recharge, groundwater 
component of river flow, depth to 
groundwater level, groundwater quality 
and hydrochemical types. 

Cost: R466 000 
Term: 1992-2995 

Production of the Pietersburg 
1:500 000 hydrogeologicai map 
sheet 2326 
(No 517) Water Systems Management and the 
Directorate of Geohydrology, DWAF 

The increasing importance of ground-
water in South Africa, particularly as a 
source of supply of domestic water for 
remote rural communities and small 
urban settlements, and for farm-scale 
irrigation development, has created an 
urgent need for summarised and 
mapped hydrogeologicai information 
country-wide in a synoptic and visual 
form, at all planning levels. 

Prior to initiating the production of a 
series of regional-scale hydrogeologicai 
maps covering South Africa, there was a 
need to produce a pilot map together 
with an explanatory document to serve 
as a blueprint for the entire 1:500 000 
series, comprising some 23 sheets. 

The result of this study is a high-quali­
ty hydrogeologicai map of the Pieters­
burg map sheet at a scale of 1:500 000 
and a set of explanatory notes which 
provide guidelines as to the need for 
detailed groundwater investigations and 
what hydrogeologicai conditions are 
expected to occur. Although not fully 
appreciated at the commencement of 
the study, in this area of the Northern 
Province some 85 per cent of the popu­
lation live in rural areas. These areas are 
highly dependent on groundwater for 
potable water supplies and in some cases 
for irrigation supplies. The impact of this 
map in terms of the RDP is likely to be 
significant. 

Cost: R136 000 
Term: 1993-1994 

Review of approaches and 
methodologies for determining 
recharge and leachate generation 
rates at waste disposal sites 
(No 564) Division of Water Technology, CSIR 

Leachate is generated as a result of the 
percolation of water or other liquids 
through any waste pile and by the com­
paction of the waste due to its weight. 
The main objective of this research pro­
ject was to evaluate approaches 
employed locally and internationally to 
determine groundwater recharge and 
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leachate generation in order to identify 
the more appropriate approach when 
siting sanitary landfills under the semi-
arid conditions experienced over much 
of South Africa. 

The researcher concluded that the 
processes of leachate generation and 
groundwater recharge, and consequently 
the methods used in their estimation, 
cannot be equated. Furthermore, a num­
ber of weaknesses in the water balance 
approach, which forms the basis for 
leachate estimation methods, were 
observed. In particular, the role of macro-
pore flow which is now recognised as a 
major factor in groundwater recharge in 
arid and semi-arid areas will need to be 
addressed in the estimation of leachate 
generation. 

Cost: R91 000 
Term: 1993-1994 

New projects 

Monograph on South Africa's 
groundwater resources 
(No 676) JR Vegter Esq. (Private Consultant) 

The increasing significance of ground-
water and emerging problems surroun­
ding its utilisation, have resulted in the 
need for a reference work on the occur­
rence, availability and quality of ground-
water that will extend the usefulness of 
the national hydrogeological map and 
to some extent also that of the regional 
hydrogeological maps series which are 
currently being prepared by the DWAF. 

The preparation of such a handbook 
will add enormous value to all hydrogeo­
logical maps by documenting in detail 
the information that can be applied at a 
local level, for example appropriate 
groundwater exploration techniques and 
anticipated drilling conditions. Amongst 
the major beneficiaries will be those 
involved in developing rural groundwater 
supplies, by obviating the need for a 
detailed hydrocensus prior to the deve­
lopment phase. As no such handbook is 
currently available locally, significant 
resources can be wasted by amongst 
others relief agencies involved in rural 
groundwater development. 

Estimated cost: R167 000 
Expected term: 1995-1997 

Relationship between the geo-
technical and hydrogeological 
properties of residual soils and 
rocks in the vadose zone 
(No 701) Department of Geology, University of 
Pretoria 

While the rapid growth in population 
puts ever-increasing demands on 
groundwater as a source of urban, agri­
cultural and rural water supply, it also 
causes a deterioration in groundwater 
quality, mainly due to waste disposal, 
mining and agricultural activities. 

Geotechnical investigations and engi­
neering geological mapping for civil 
engineering projects and infrastructure 
development in many parts of South 
Africa have generated a wealth of data 
on the geotechnical properties and distri­
bution of residual soils and rocks which, 
in most cases, constitute a major portion 
of the unsaturated zone overlying the 
aquifers. Geotechnical data in the form 
of soil and rock profile descriptions, test 
results and maps, can most likely be 
adapted to provide information on the 
permeability and thickness of the vadose 
zone. Through the identification of these 
hydrogeological properties of soils and 
rocks in the vadose zone which affect 
aquifer recharge and contamination, and 
determining the relationship between 
them, a protocol for deriving relevant 
hydrogeological data for groundwater 
vulnerability assessments will be possible. 

Estimated cost: R250 000 
Expected term: 1995-1997 

Development of a Windows-
based interpretation system for 
hydrogeologists 
(No 702) Institute for Groundwater Studies, 
University of the OFS and the DWAF 

The creation and implementation of the 
existing groundwater database structure 
in South Africa has facilitated both the 
production of hydrogeological maps and 
the DWAF's regional groundwater cha­
racterisation programme. The National 
Groundwater Database, and its personal 
computer version HydroCom, have been 
accepted by the DWAF and many consul­
tants as the national standard for data 
acquisition, storage and retrieval. 

The fact that the National Ground-
water Database and HydroCom were 
developed in the 1980s, together with 
the considerable progress in database 
software development over the past few 
years, has resulted in the need to revise 
and upgrade the present system to meet 
current and future requirements. 

One aspect which is required in the 
short term is groundwater interpretation 
software for the emerging groundwater 
information system. This project propo­
ses that this be developed under the 
most up-to-date Windows operating 
system. The Department as the major 
client for the interpretation software 
have given their full support to the pro­
ject and are in fact going to be a full 
partner in the contract. 

Estimated cost: R795 000 
Expected term: 1995-1997 

Geohydrological modelling of the 
Richards Bay area 
(No 720) Department of Hydrology, University of 
Zululand 

The principal water resources of the 
Richards Bay metropolitan area are Lake 
Mzingazi and Lake Insese. The catch­
ment area between Lake Insese and Lake 
Mzingazi comprises the main urban and 
industrial centre of the Richards Bay area. 
This area is expanding rapidly with the 
development of heavy industries and 
their support services and consequently 
could become a serious source of pollu­
tion to the water resources of Richards 
Bay. The rapidly expanding rural settle­
ments in large sections of the surface 
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catchment could also have a substantial 
impact on surface- and groundwater pol­
lution. 

Suitable simulation modelling can be 
used as a relatively inexpensive educa­
tional and management tool in planning 
the development of the urban and rural 
sections of Richards Bay. 

The objective of this research project is 
the development of a hydrogeological 
model of the Richards Bay area for use in 
numerical simulation studies of ground-
water/surface water interaction, with the 
emphasis on determining the impact of 
pollution sources on the sensitive water 
resources of the Zululand Coastal Plain. 

Estimated cost: 
Expected term: 

R560 000 
1995-1997 

Groundwater supply assessment 
and strategy for the Western 
Karoo, Namaqualand and Bush-
manland 
(No 721) Department of Earth Sciences, University 
of the Western Cape 

In terms of addressing the RDP goals for 
community water supply, attention is 
currently being focused on those regions 
most in need of water and sanitation, for 
example the Eastern Cape, Northern 
Transvaal and KwaZulu-Natal. There is, 
however, a long-term need to address 
the insufficiencies of the other regions. 
These are often as needy, but for various 
reasons possibly less visible. This is parti­
cularly true for the less populated, more 
arid western portion of South Africa. 

The primary objective is to assess the 
water supply needs and identify the 
available groundwater resources in terms 
of quality and quantity in the Western 
Karoo, Bushmanland and Namaqualand 
regions in order to develop a water sup­
ply strategy for use in the overall RDP 
programme. Community involvement 
and consultation will be a key compo­
nent of the study. 

Estimated cost: 
Expected term: 

Rl 710 000 
1995-1999 
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Research projects 
Completed 
• 353 Preparation of a manual on quan­

titative estimation of groundwater 
recharge and aquifer storativity (Water 
Resources Evaluation and Management 
and the DWAF) 

• 377 Use of geographic information 
systems and other computer-aided 
drafting facilities for the production of 
geohydrological maps (University of the 
OFS - Institute for Groundwater Studies) 

8 483 Compilation of a hydrogeological 
map of South Africa (JR Vegter Esq. 
and the DWAF) 

• 517 Production of the Pietersburg 
1:500 000 hydrogeological map sheet 
2326 (Water Systems Management 
and the DWAF - Directorate of 
Geohydrology) 

• 564 Review of approaches and 
methodologies for determining recharge 
and leachate generation rates at waste 
disposal sites (CSIR - Division of Water 
Technology) 

Current 

• 273 Investigation of the potential use of 
NOAA satellite remotely sensed data for 
identification of regional-scale fracture 
zones for groundwater supply purposes 
in Southern Africa (SRK (CE) Inc.) 

• 291 Regional investigation into ground-
water quality deterioration in the 
Olifants River catchment above the 
Loskop Dam, with specialised investiga­
tions in the Witbank Dam subcatchment 
(University of the OFS - Institute for 
Groundwater Studies) 

• 311 Development and evaluation of geo­
hydrological and isotope hydrological 
methodologies for the identification of 
areas potentially suitable for waste dis­
posal (University of the Witwatersrand -
Schonland Research Centre, and Atomic 
Energy Corporation of South Africa Ltd) 

8 378 Development of techniques for risk 
analysis and groundwater management 
of Southern African aquifers (University 
of the OFS - Institute for Groundwater 
Studies and CSIR - Division of Earth, 
Marine and Atmospheric Science and 
Technology) 

° 481 Geochemistry and isotopes for 
resource evaluation in the fractured rock 
aquifers of the Table Mountain Group 
(CSIR - Division of Water Technology) 

8 484 Integrated multidisciplinary geo-
dynamic/geophysical approach to 
groundwater exploration around the 
South African coastline (Atomic Energy 
Corporation of South Africa Ltd) 

• 487 Analysis and interpretation of 
aquifer tests in secondary aquifers 
(University of the OFS - Institute for 
Groundwater Studies) 

• 516 Application of seismic tomography 
and ground-penetrating radar for the 
detection of fractures and the deter­
mination of hydraulic properties of 
fractured rock aquifers (CSIR - Division 
of Earth, Marine and Atmospheric 
Science and Technology) 

8 565 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) 

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

• 640 Extension and refinement of the 
AQUAMOD computer software package 
(University of the OFS - Institute for 
Groundwater Studies) 

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

• 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) 

N e w 
8 676 Preparation of a monograph on 

South Africa's groundwater resources 
(JR Vegter Esq.) 

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

8 702 Development of a Windows-based 
interpretation system for hydrogeologists 
(University of the OFS - Institute for 
Groundwater Studies and the DWAF) 

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

8 721 Groundwater supply assessment 
and strategy for the Western Karoo, 
Namaqualand and Bushmanland 
(University of the Western Cape -
Department of Earth Sciences) 

C O N T A C T P E R S O N S 
• Mr AG Reynders 

(Groundwater Resource Develop­
ment and Pollution) 

• Mr HM du Plessis 
(Mining Pollution) 

•Hp (012)330-0340 



9ICI iral water utilisation 

Irrigation and agricultural 
water management 

Water is essential for crop cultivation, 
animal husbandry and human existence. 
Economic progress and increasing 
demand for water because of population 
growth, urbanisation and industrialisa­
tion put pressure on supply. Complica­
ting factors include climatic variability, 
skewed regional distribution and deterio­
rating water quality. Due to high costs of 
exploiting new sources, emphasis must 
be placed on allocation of existing water 
resources. Since agriculture constitutes 
the single largest consumptive use of 
water, it is often considered to be a 
source to meet growing demand 
through water savings. 

In the context of water- and agricultu­
ral policy reform, the additional require­
ment for sustainable irrigation develop­
ment is establishment of productive 
smallholders, without disrupting profi­
table commercial enterprises, in a com­
petitive economic environment. 

Competition for available water 
resources obviously leads to pervasive 
conflict. The major concern of water 
management is the resolution of conflict 
between interdependent water uses and 
users. Economic and social objectives 
which must be achieved simultaneously 
are efficient utilisation and equitable allo­
cation of rights to water resources. For 

■ > » 

this purpose rules or institutions and a 
combination of market, administrative 
and judicial procedures must be de­
signed. In so doing, the correct incen­
tives will be provided through secure 
water rights and pricing according to 
negotiated transactions. This is based on 
an evaluation of benefits and costs 
which leads to water conservation and 
mutually beneficial exchange from lower 
valued to higher valued users and uses. 
Agricultural production can then be 
maintained at lower levels of water utili­
sation, i.e. increased efficiency, while 
rights to water are reallocated to alter­
native applications, i.e. improved equity. 
Even under circumstances of relatively 
fixed water supplies, higher demand can 
be satisfied or accommodated and ba­
lanced economic growth can therefore 
continue. 

An important advantage of the market 
approach to allocation of water rights is 
flexibility and timely adaptation. Over-
utilisation and misallocation can, how­
ever, still occur because of, amongst 
others, incomplete knowledge and infor­
mation. The challenge remains for 
applied research, extension and techno­
logy transfer to provide appropriate deci­
sion-support. Consequently the master 
plan for irrigation research is currently 
being reviewed. A holistic approach is 
followed and the intention is to continue 
to provide solutions to problems experi-
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Irrigation on the middle Orange River. 

enced by different categories of farmers 
in irrigated agriculture. Furthermore, a 
range of biological, technical and econo­
mic issues continue to receive attention 
on a catchment and farming systems 
level. An indication of the variety of 
research which is undertaken is given by 
the new and completed projects for 
1995. 

Completed projects 

Drought-tolerant and water-
efficient fodder shrubs (DTFS): 
Their role as a "drought insu­
rance" in the agricultural deve­
lopment of arid and semi-arid 
zones in Southern Africa 
(No KV65/94) Dr HN le Houerou, Consultant 

In completion of the above investigation, 
Dr Le Houerou furnished the WRC with 
the report entitled Drought-tolerant and 
Water-efficient Shrubs: Their Role as a 
"Drought Insurance" in Agricultural 
Development of Arid and Semi-arid 
Zones of Southern Africa. 

Drought-tolerant fodder shrubs 
(DTFSs) are currently cultivated on 
approximately 10 m. ha of the world's 
arid and semi-arid areas as an agricultu­
ral development aid, of which approxi­
mately 800 000 ha are planted in South 
Africa. The species which are most fre­
quently planted locally are saltbush 
(Atriplex nummularia) green cactus 
(Opuntia ficus-indica), blue cactus (O. 
robusta) and agave (Agave americana). 
These DTFSs thrive on a relatively wide 
range of soils and their salt tolerances 
range from 5 mS/cm in the case of cac­
tus and agave, to 50 mS/cm in the case 
of saltbush. The latter therefore has the 
attractive potential of being cultivated 
under irrigation with water of a high salt 
content. The potential benefits of this 
practice are twofold, viz.: 

• Advantageous use of water, the quali­
ty of which renders it unsuitable for 
other purposes 

9 Stabilisation of animal production in 
areas where the availability of natural 
vegetation is not always reliable. 

The report on the investigation provides 
a comprehensive view of DTFS cultivation 
as well as all factors with a role to play in 
their cultivation and production. As an 
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authority in this field, Dr Le Houerou 
gives his views on desert encroachment 
in South Africa and identifies research 
needs and priorities with regard to DTFS 
cultivation in South Africa. The report 
also evaluates the cultivation of saltbush, 
agave and cactus with regard to soil, cli­
matic and water requirements, as well as 
their water utilisation efficiency, danger 
of becoming invader plants, establish­
ment and management as feed crops, 
as well as the economic aspects of DTFS 
cultivation. As far as the proposed 
research is concerned, it is clear that the 
results generated thereby will make a 
substantial contribution to the develop­
ment of DTFSs as an integral part of ani­
mal production in arid or semi-arid areas. 

Cost: R7 000 
Term: 1993 

Storage and utilisation of rain 
water in soil for the stabilisation 
of plant production in semi-arid 
regions 
(No 227) Department of Soil Science, University 
of the OFS 

In the past very little information was 
available on the impact of various soil 
cultivation and land-use practices on 
rain-water storage in the soil, and the 
subsequent use thereof. Few quantitative 
details on the potential decrease in 
runoff and on surface water sources 
recharge as a result of the said practices, 
were therefore available. Also unknown 
was the extent to which the stabilisation 
of plant production in semi-arid regions 
coupled with the maximum storage and 
utilisation of rain water in soil, could 
assist in alleviating the pressure on utili­
sation of surface water sources for the 
production of food and fibre. It was 
therefore necessary to conduct an inves­
tigation to determine the most efficient 
land-use methods and soil-water ma­
nagement practices to ensure that stored 
rain water in semi-arid areas would be 
utilised most effectively. 

In motivating the project, a distinction 
was drawn between the water balance 
during the rain storage period (i.e. 
between harvesting the previous crop to 
planting the new crop), and the water 
balance during the growing season. 

Using the data collected, the rain pro­

duction conversion efficiency was calcu­
lated on the basis of mass and monetary 
value. The water-use efficiency (WUE), 
which is an index of the production per 
hectare per mm of evapotranspiration, 
was calculated in terms of above-ground 
biomass (kg/ha-mm), gross income 
(R/ha-mm) and nett income (R/ha-mm). 
With the aid of the results the costs of 
water losses due to runoff, evaporation 
or deep percolation can now be quanti­
fied. The rain-use efficiency (RUE), which 
is an index of the production per hectare 
per mm of rain plus the change in profile 
water content, was quantified in the 
same manner as the WUE. The research 
indicated that rotational cropping, with 
conventional tillage, is the most sustain­
able and economic system. Conservation 
tillage cannot be recommended due to 
the high cost of chemical weed control 
and lower yield. When pastures are 
established in place of veld the RUE dou­
bles, and when veld is converted into 
and cultivated for crop production, there 
is a three- to fourfold increase in the 
RUE. 

Cost: R1 261 000 
Term: 1988-1993 

Research in this project has shown that 
conventional tillage results in better 
water conservation and therefore in 
better crops. 

Factors affecting the water-use 
efficiency of irrigated crops with 
special reference to the physio­
logical responses of these crops 
(No 228) Department of Agronomy and Horticulture, 
University of the OFS 

Recent progress with pedological and 
meteorological approaches to irrigation 
scheduling led to scheduling criteria 
being developed mainly in terms of soil 
moisture supply and atmospheric 
demand parameters, and being applied 
in practice. Crop yield is, however, largely 
determined by the physiological beha­
viour of the plant with regard to water, 
nutrition and environmental conditions 
during different growth stages, some of 
which are more sensitive to water stress 
than others. A better understanding of 
plant physiological reactions is therefore 
needed for the optimal application of 
irrigation criteria. Other research projects 
had emphasised the need for further 
investigations into climate- and water 
supply-induced plant water status and 
crop yield relationships and these 
aspects, therefore, constituted the prima­
ry objective of this project. 

The research team concerned could 
not fully attain this objective. During the 
execution of the project, especially du­
ring the early part, above-average rainfall 
occurred resulting in a shallow water 
table. A drainage system was installed, 
but could not solve the problem fully, 
and throughout the experiment the test 
results were unfavourably influenced by 
the relatively shallow water table. 

Regarding the other objectives, viz. the 
comparison of the various scheduling 
methods, the project did indeed indicate 
that the methods investigated, particu­
larly those based on the use of the 
BEWAB and PUTU models, function well 
and can be recommended for practical 
application. 

An important recommendation is that 
when plant physiological aspects consti­
tute an important component of the 
research, it should preferably not be exe­
cuted under field conditions. Meaningful 
results can be attained only if it is possi­
ble to exercise strict control over all the 
variables. 

Cost: R1 513 000 
Term: 1988-1994 
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Soil-plant-water relations in the 
upper reaches of plant-available 
soil water 
(No 261) Department of Plant Production and Soil 
Science, University of Pretoria 

When using micro-irrigation systems, 
relatively high soil-water potentials are 
maintained continuously (i.e. the soil is 
kept wet continuously) by means of high 
frequency applications. Under these con­
ditions there is a danger of keeping the 
soil too wet, leading to oxygen deficien­
cies in the root zone which result in 
degeneration of the plants and in aggra­
vation of root diseases. A thorough 
understanding of soil-water-air-plant 
relationships in the upper range of plant-
available water is therefore very impor­
tant when using high frequency micro-
irrigation. Consequently the objectives of 
the project were to identify appropriate 
upper limits of plant-available water for 
different soil bulk density/soil water 
potential combinations, and to identify 
the effects of soil compaction on plant 
performance in the upper range of plant 
available water. These investigations 
were aimed at improving irrigation 
management under high frequency 
micro-irrigation. 

In view of the problems experienced 
by citrus growers, two citrus rootstocks 
(Rough lemon (RL) and Troyer citrange 
(TC)) were selected for the experiments 
in this project. 

The two plant parameters most affec­
ted by high bulk density soil under high 
soil water potentials, were the size of the 
root system and root hydraulic conduc­
tivity. Lower soil-water potentials in non-
compacted soil resulted in poor hydraulic 
conductivity and thus poorly developed 
seedlings. The nutrient status of seed­
lings was affected by rhizospherical stress 
conditions and non-aeration of the nu­
trient solution. Anaerobic rhizospherical 
conditions in the water culture experi­
ments affected both the top growth and 
the root system. Furthermore, the pH of 
aerated and non-aerated nutrient solu­
tions influenced the growth and deve­
lopment of both rootstocks. 

The project was concluded with an irri­
gation scheduling trial at an established 
citrus estate. Implementation of recom­
mendations by the research team resul­
ted in significant savings in irrigation 
water and pumping costs, an increase in 

yield and an improvement in the quality 
of the yield. 

Cost: R553 000 
Term: 1989-1993 

Moisture sensors to facilitate 
water management 
(No 262) Institute for Polymer Science, University 
of Stellenbosch 

Thin-film polymer techniques can be 
employed in the manufacture of humidi­
ty sensors. The objective of this project 
was to refine these sensors to a point 
where such instruments will meet cost, 
accuracy and reliability criteria of water 
researchers in agriculture. A further 
objective was to employ thin-film tech­
niques in the manufacture of soil mois­
ture measuring instruments. 

The project concentrated on two deve­
lopments: 

• A soil-water probe to monitor the total 
water content of a soil. The end result 
was a device which can be inserted to 
any depth with a procedure similar to 
that of standard tensiometers. Rea­
dings of changes in the soil-water con­
tent were done by means of a small 
electronic digital readout. The probe 
had the potential of relatively inexpen­
sive mass production subject to appro­
priate development of the associated 
electronic circuitry. In addition it had 
the potential of being used as the 
basis of a more sophisticated measu­
ring device capable of monitoring 
additional variables, e.g. soil-water 
potential and soil salinity. 
Tests indicated that the basic electronic 
circuitry required further refinement; 
that probe installation procedures are 
critical to the meaningful interpreta­
tion of data; and that close contact 
between the probe tip and the sur­
rounding soil matrix is of vital impor­
tance. 

e A relative humidity sensor, in the form 
of a condensor which consists of an 
electrode deposited on an insulating 
substrate over which a layer of a mois­
ture-sensitive polymeric coating is 
formed and an upper electrode per­
meable to water vapour, deposited 
over the moisture-sensitive coating. 

The attempt to develop a relative 
humidity sensor which is capable of a 
fast response to values approaching 
saturation has not been successful. 
Extensive experiments led to the con­
clusion that a significant improvement 
in either response times or perfor­
mance levels close to saturation would 
require an innovatively different 
approach. 

Cost R429 000 
Term: 1989-1992 

Influence of different water-
nitrogen regimes on crop canopy 
development, water flow resis­
tance and crop yield, with a view 
to improvement of irrigation 
models 
(No 307) Institute for Soil, Climate and Water, 
Agricultural Research Council 

Crop growth and irrigation scheduling 
models are powerful aids for irrigation 
planning and management. This project 
was undertaken to provide the means of 
improving useful models by identifying 
and addressing weaknesses which cur­
rently limit their applicability. 

Comprehensive data sets which will 
have enduring value for model refine­
ment and validation were acquired. 
These comprise growth and physiological 
measurements relating to wheat crop 
growth and development for a wide 
range of water- and nitrogen-supply con­
ditions over a period of four seasons. 
Inabilities of various models to correctly 
simulate certain aspects of growth and 
development, e.g. biomass accumulation 
and duration of the growth period, 
when water becomes limiting, were 
identified and underlying reasons sug­
gested. 

Other research products were guide­
lines and precautions relating to the field 
use of photosynthesis-measuring equip­
ment, as well as useful techniques such 
as the heat-pulse technique for measu­
ring sap flow in wheat stems and the 
mini-rhizotron technique for in situ root 
measurements. 

Cost: R458 500 
Term: 1990-1994 
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New projects 

Irrigation water requirements of 
small-plot vegetable farmers 
(No 689) Institute for Soil, Climate and Water, 
Agricultural Research Council. 

Sustainable small-plot farming is ham­
pered by a lack of information regarding 
irrigation requirements of vegetable 
crops under water-limiting conditions, 
Evaluation of traditional methods of irri­
gation and implementation of scheduling 
techniques to enable better on-farm 
water management require attention. 
The objectives of this project are to 
determine water requirements, to evalu­
ate water use of selected vegetable crops 
and to establish demonstration trials in 
both rural and urban areas. In addition 
the constraints facing female farmers in 
particular as well as the training needs of 
extension officers or community workers 
will be considered. The field experiments 
will involve monitoring of soil-water 
balance, crop growth and production. 
Measurements will include effective roo­
ting depth and water extraction patterns. 
The on-farm trials will run simultaneously 
and will be a means of testing the results 
under typical small vegetable plot 
circumstances. This part of the project 
will be conducted in conjunction with 
farmer support programmes of other 
development agencies. The final phase 
will be the compilation of results into a 
user-friendly manual on irrigation sche­
duling under sub-optimal conditions. 

Estimated cost: R603 900 
Expected term: 1995-1997 

Establishing effects of saline 
irrigation water and managerial 
options on soil properties and 
plant performance 
(No 695) Department of Soil and Agricultural Water 
Science, University of Stellenbosch 

As the competition for freshwater inten­
sifies, it is expected that agriculture will 
have to effect substantial water savings 
and, furthermore, have to cope with a 
poorer quality than at present. After 
three years of irrigating with six irrigation 
waters of increasing salt content, as part 
of a forerunner experiment (Project No 
303) to assess crop salt tolerance criteria, 

the most saline treatment had a devasta­
ting effect on the vines that were irriga­
ted. However, the effect of more mode­
rate salinity treatments was not yet 
sufficiently consistent to permit salinity 
tolerance criteria to be firmly established. 
This follow-up project will establish irri­
gation-water quality guidelines based on 
the effect of saline water on the vege­
tative and reproductive growth of grape­
vines, wine quality and soil properties. 

Estimated cost: R847 000 
Expected term: 1995-1998 

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

According to provisional evidence it 
appears that food plots are one of the 
more successful models of irrigation 
development. To date there has not been 
a comprehensive analysis of factors 
which contribute to the success of food-
plot production. The main objective of 
this project is to determine the physical, 
infrastructural, institutional, economic 
and social factors influencing food-plot 
production. This research is being under­
taken in support of land-reform efforts 
to provide rural households with access 
to agricultural land. Irrigation schemes 
are seen as potentially suitable to enable 
a large number of households to 
improve food security and as viable 
growth points to earn an economically 
sustainable livelihood. Within the above-
mentioned study area, conditions of reli­
able and adequate supply of irrigation 
water favour small-scale irrigation enter­
prises. Of a total area of 11 800 ha, 
6 800 ha are developed, 2 500 ha are 
unused land on existing schemes and a 
further 2 500 ha need to be developed 
from the start. On six medium-sized 
schemes which form a part of this area, 
91 % of 2 306 households are involved in 
food-plot production. The area for 
expansion on unused and new land 
exceeds the existing area of 2 768 ha 
presently being irrigated by 651 ha. 
Opportunities are therefore available 
to alleviate the major problem of 
rural poverty by better utilising 

existing investment in infrastructure. 
At the current standard size of 0,2 ha per 
household, an additional 17 095 house­
holds could potentially benefit. However, 
the extent of production, financial and 
tenure problems which affect attitudes 
of food-plot crop producers, differs 
between irrigation schemes. Provision of 
access to irrigated land requires attention 
to many facets and must be planned 
appropriately, to ensure economic and 
social viability. This will be addressed by 
collection of primary data following rapid 
rural appraisal techniques, and a desk 
study of secondary data which will be 
complemented by field observations. It is 
expected that the results of this project 
will lead to formulation of policy guide­
lines for irrigated food-plot development. 
This will also enhance the ability of 
organisations involved with implementa­
tion of land reform to undertake success­
ful development by limiting expensive 
mistakes. 

Estima ted cost: R196 900 
Expected term: 1995-1996 

Quantitative evaluation of the 
hydraulic properties of stony 
soils by means of laboratory 
simulations 
(No 725) Department of Plant and Soil Sciences, 
Potchefstroom University for CHE 

Incomplete and inadequate information 
exists on the groundwater management 
of stony soils. Reporting on this aspect in 
the literature is also often contradictory. 

Good management practices are, 
however, difficult or impossible to 
achieve due to problems experienced 
when installing aids such as tensio-
meters. This gives rise to water wastage 
and misappropriation of capital and 
operating expenditure. The purpose of 
this research is therefore to characterise 
the hydraulic properties of stony soils 
and to develop management guidelines 
using these results. The relevance of this 
is emphasised by the increasing tendency 
to irrigate low-potential soils. This is par­
ticularly true in the case of dolomitic soils 
with a predominantly large stone con­
tent where groundwater is utilised for 
irrigation. Mechanised systems such as 
centre-pivots have been erected in 
regions of the Northwest and Northern 
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Cape Provinces, but are not being 
managed optimally. The project mainly 
comprises laboratory tests with some 
field verifications. Variables to be evalu­
ated are clay mineralogy, texture, stone 
shape, stone size, volume percentage of 
stone in soil, water content and degree 
of compaction. The results will be used 
to devise adapted guidelines for the irri­
gation of stony soils. Hydraulic conduc­
tivity, infiltration ability, surface runoff, 
hysteresis and soil-water retention curves 
are of fundamental concern. This infor­
mation will be useful to irrigators, pro­
ducers and to technical advisers. 
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Estimated cost: 
Expected term: 

R85 700 
1995-1997 
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Blackfly control in the middle and lower 
Orange River. 
Right: Blackfly larvae under a microscope. 
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A good example of flood irrigation near 
Brits, Northwest Province. 
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Research projects 

Completed 
• KV65/94 Drought-tolerant and water-

efficient fodder shrubs (DTFS): their role 
as a "drought insurance" in the agricul­
tural development of arid and semi-arid 
zones in Southern Africa 
(Dr HN le Houerou, Consultant) 

• 227 Storage and utilisation of rain water 
in the soil for the stabilisation of plant 
production in semi-arid areas (University 
of the OFS - Department of Soil Science) 

• 228 Factors affecting the water-use 
efficiency of irrigated crops with special 
reference to the physiological responses 
of these crops (University of the OFS -
Department of Agronomy and 
Horticulture) 

• 261 Soil/plant/water relations in the 
upper reaches of plant-available soil 
water (University of Pretoria -
Department of Soil Science) 

• 262 Moisture sensors to facilitate water 
management (University of Stellenbosch 
- Institute of Polymer Science) 

• 307 Influence of different water-
nitrogen regimes on crop canopy 
development, water flow resistance 
and crop yield, with a view to improve­
ment of irrigation models (Agricultural 
Research Council - Institute for Soil, 
Climate and Water) 

Current 

• 290 Flood and furrow irrigation: A criti­
cal evaluation of design procedures and 
the computerisation of the most suitable 
approaches (University of Pretoria -
Department of Agricultural Engineering) 

• 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) 

• 347 Global farm approach to enhancing 
the economic efficiency of water and 
energy use for irrigation in the central 
RSA (University of the OFS - Department 
of Agricultural Economics) 

• 348 Root development and water usage 
of commercial timber species (University 
of Natal - Department of Agronomy) 

• 372 Assessing the impacts of varying 
rainfall conditions on vegetation dyna­
mics, production and certain hydrologi-
cal properties of natural grassland, using 
a system modelling approach (Potchef-

stroom University for CHE - Department 
of Plant and Soil Sciences) 

•> 389 Scheduling irrigation of tuber crops 
with specific reference to potatoes (Agri­
cultural Research Council - Vegetable 
and Ornamental Plant Institute) 

o 417 Optimal water utilisation by turf 
(Potchefstroom University for CHE -
Department of Plant and Soil Sciences) 

• 423 Effect of pre-programmed deficit 
irrigation on crop reaction (University of 
the OFS - Department Soil Science) 

• 440 Identification of irrigated land in an 
intensively cultivated agricultural area in 
the South-Western Cape by means of 
satellite remote sensing (University of 
Stellenbosch - Institute for Cartographic 
Analysis) 

• 441 Determination of the relationship 
between transpiration rate and declining 
available soil water for Eucalyptus 
grand's (CSIR - Division of Forest 
Science and Technology) 

• 476 Transfer of research results on the 
irrigation of vegetable crops into practice 
(University of Pretoria - Department of 
Plant Production) 

• 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) 

• 507 Improved estimation of plant and 
soil evaporation from cropped lands 
(University of the OFS - Department of 
Agrometeorology) 

• 508 Modelling the water balance on 
benchmark ecotopes (Agricultural 
Research Council - Institute for Soil, 
Climate and Water) 

• 513 The development of a computerised 
management system for irrigation 
projects (Rand Afrikaans University -
Department of Civil Engineering) 

• 573 Water-use efficiency of cultivated 
subtropical forage and pasture crops 
(University of Pretoria - Department of 
Plant and Soil Sciences) 

" 578 Evaluation of irrigation techniques 
used by subsistence and emergent 
farmers (MBB(CE) Inc.) 

• 581 Computerised weather-based i 
rrigation water management system 
(University of the OFS - Department of 
Agrometeorology) 

• 600 Problem blooms of macro-algae: 
Investigation of causal factors, seasonali-
ty of recruitment and growth, and effi­
ciency of control methods (University of 
Cape Town - Department of Botany) 

• 624 Personal computer-based procedure 
for the estimation of irrigation require­
ments of crops in Southern Africa 
(MBB (CE) Inc.) 

• 625 Use of computer models for 
agricultural water management at farm 
level (University of the OFS - Department 
of Soil Science) 

• 644 Quality of water for livestock *pro-
duction with emphasis on subterranean 
water and the development of a water 
quality guideline index system (University 
of Pretoria - Department of Animal and 
Wildlife Science) 

• 645 Optimal management of uncertain 
water availability at farm and regional 
level with due allowance for risk and the 
environment (University of the OFS -
Department Agricultural Economics) 

• 646 Maximisation of economic water-
use efficiency of processing tomatoes 
(University of Pretoria - Department of 
Plant Production) 

• 650 Integrated control of blackflies 
along the Orange River (Agricultural 
Research Council - Onderstepoort 
Veterinary Institute) 

New 
• 689 Irrigation water requirements of 

small-plot vegetable farmers (Agricultural 
Research Council - Institute for Soil, 
Climate and Water) 

• 695 Establishing effects of saline irriga­
tion water and managerial options on 
soil properties and plant performance 
(University of Stellenbosch - Department 
of Soil and Agricultural Water Science) 

• 719 Investigation into food-plot produc­
tion on irrigation schemes in the central 
region of the Eastern Cape Province 
(University of Fort Hare - Agricultural 
and Rural Development Research 
Institute) 

• 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) 
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st r ia ! water ani luent 

Research on industrial water and efflu­
ents is oriented towards developing 

and promoting integrated water conser­
vation and effluent management strate­
gies through the application of sustain­
able water pollution prevention 
practices, and cost-effective water pollu­
tion abatement technologies. The imple­
mentation of these strategies is expected 
to result in significant savings in fresh­
water intake, reduced pollution load dis­
charge to the environment per unit of 
production, minimisation and elimination 
of toxic chemical discharges, optimisa­
tion of energy use and the utilisation of 
"green" or environmentally friendly tech­
nologies for, not only the purification of 
effluents and the implementation of 
closed loop systems, but also for the 
production of high value by-products. 

During the past decade attention has 
been focused specifically on the follow­
ing industries, i.e. textiles, tanning and 
fellmongering industries, fish processing, 
fruit and vegetables processing, mining 

effluents, pulp and paper industries, 
electrical power generation, petroleum 
processing and large and medium-sized 
meat processing industries. To date, 
research undertaken in these industries 
is yielding benefits in terms of increased 
awareness for the need and importance 
for total water quantity and quality ma­
nagement, and has resulted in the adap­
tation and development of several new 
and cost-effective biological processes 
to South African conditions, including 
amongst others, such patented processes 
as the production of the algae Dunaliella 
from which fine chemicals such as 
B-carotene are extracted and the produc­
tion of Spirulina algal biomass as a by­
product of tannery waste-water treat­
ment in advanced integrated algal pond 
systems, protein recovery and water 
reuse from the meat processing industry, 
decolorisation of textile effluents in 
municipal anaerobic digesters and a vari­
ety of applications of membrane separa­
tion technologies. 

Completed projects 

Establishment of a basis for self-
monitoring of water and effluent 
management in the fruit and 
vegetable industry 
(No KV48/94) SRK (CE) Inc. 

In 1987, the WRC published A Guide to 
Water and Waste-water Management in 
the Fruit and Vegetable Processing Indus­
try to assist these industries in managing 
their water intake and effluent disposal. 
Subsequent to this development it was 
recommended that a computer software 
package be developed which would 
enable this industry to review its water 
and waste-water management quantita­
tively on a regular basis. 

Against this background the objective 
of this consultancy was to establish a set 
of data, procedures and tools by means 
of which the fruit and vegetable process­
ing industry could, in the future, carry 
out self-monitoring of water use and 
effluent generation within this industry. 

The following results were achieved: 

• A questionnaire was designed and 
used to carry out an initial postal sur­
vey of the industry to collect water 
and effluent data over the production 
period 1989/90. 

8 Using a database approach, a software 
package was developed into which the 
production, water and effluent data, 
collected from postal surveys using the 
questionnaire, could be entered. The 
software package was designed to 
capture the data on a standardised 
"by factory" and "by commodity" 
basis, to calculate meaningful relation­
ships (e.g. specific water intake values) 
and then to produce a series of rele­
vant reports. 

• A Users' Manual was written and pre­
sented at a workshop held at Lange-
berg to instruct representatives of the 
industry in the use of the software 
package. 

Cost: R73 120 
Term: 1992 

Laboratory experiments on the treatment of tannery wastes using 
the AHROP process. 

50 



Water and effluent management 
self-auditing document 
(No KV50/94) CRM Risk Control Consultants (Pty) Ltd 

A document has been produced to assist 
industrial premises in auditing their own 
water and effluent management situa­
tion, both in terms of legal compliance 
and good management practice. The 
format of the document is such that it 
leads the user through several sections of 
questions and allows him/her to attach a 
score to each section in order to quantify 
the level of good water and effluent 
management practised. 

The main sections of the document 
deal with the reasons for auditing; water 
effluent and stormwater management; 
compliance with legislation; the role of 
management in auditing; and water con­
servation and effluent discharge targets. 

The document is aimed at industry and 
is intended to be a practical, hands-on 
tool to assist in improving water and 
effluent management practices in South 
African industry. 

Cost: R28 500 
Term: 1993 

Study on a mine-water 
reclamation test plant 
(No 322) Division of Mining Technology, CSIR 
(formerly Chamber of Mines Research Organisation, 
COMRO) 

The cost of treating spent mine service 
water for reuse underground is depen­
dent, inter alia, on the water's corrosivity 
which governs the choice of construction 
material for pipes, pumps, tanks, etc. 

The project aimed to assess the influ­
ence of individual water-treatment pro­
cesses (neutralisation, flocculation, filtra­
tion, disinfection and desalination) on 
the corrosion of various metals. ERPM's 
raw water and a modified ERPM raw 
water to simulate Klerksdorp's mine 
water were used in the study. 

Unfortunately, the consistency of the 
water chemistry could not be adequately 
controlled and the corrosion impact of 
the individual treatment processes 
remained obscure. The following conclu­
sions could, however, be drawn: 

0 Although it was not possible to esta­
blish the effect of individual anions on 
corrosion, the indications are that the 
corrosion rate of mild steel increases as 
the total dissolved solids increase. 

e The most prevalent corrosion damage 
to copper and cupro-nickel was due to 
localised corrosion. 

• Negligible corrosion occurred on the 
stainless steels. However, crevice and 
pitting corrosion may occur in the long 
run and this result should be treated 
with caution. 

s Suspended solids cause erosion and 
fouling and the latter can lead to 
under-deposit corrosion. 

Cost: R650 000 
Term: 1990-1992 

Use of algae to bioassay for toxic 
substances in water 
(No 393) Department of Botany and Genetics, 
University of the OFS 

Bioassaying is a cost-effective method for 
monitoring environmental toxicity. Most 
existing tests determine the toxicity by 
measuring respiration in the test orga­
nism. Plants have a second metabolic 
pathway, photosynthesis, which may also 
be measured, and this project investiga­
ted the potential use of photosynthesis 
as a measure of toxicity. Using the micro-
alga Selenastrum capricornuturn, the 
tests used gave readings very rapidly, 
with the quickest being the in vivo fluo­
rescence which showed a response with­
in seconds. The conclusion was that 
these tests would make a useful addition 
to the suite of rapid tests currently avail­
able. 

Cosf: R59 500 
Term: 1991-1993 

Technology transfer of aquatic 
chemical speciation modelling 
(No 530) Pollution Research Group, University 
of Natal 

A quantitative appreciation of the chemi­
cal composition of an aqueous system 
and its interaction with the surrounding 
environment is essential for understand­
ing such diverse phenomena as ground-
water quality, water treatment and 

chemical dosing, effluent treatment, 
desalination, bioavailability and nutrient 
cycling, biotoxicity, scaling and corrosion. 

In the USA the Environmental Protec­
tion Agency (EPA) developed a geo-
chemical speciation program, called 
MINTEQA2, which is able to calculate 
the equilibrium composition of chemical 
solutions or natural aquatic systems. This 
program was used as a basis by the Pol­
lution Research Group to disseminate 
information on the scope and capabilities 
of MINTEQA2 to a wide spectrum of 
potential users in industry by way of 14 
country-wide workshops and seminars 
between January 1993 and December 
1994. They also provided back-up sup­
port for MINTEQA2 users, acted as a link 
between the US EPA and local users and 
supported several other WRC projects 
which require a knowledge of chemical 
speciation. 

Cost: R360 000 
Term: 1993-1994 

Extractive purification of 
industrial effluents 
(No 533) Department of Chemical Engineering, 
Potchefstroom University for CHE 

Many industrial effluents contain a vari­
ety of dissolved solids which may be 
toxic or hazardous and can cause serious 
ecological problems. The demineralisa-
tion of such effluents with an extractive 
technique, using a supported liquid 
membrane (SLM), was shown to be tech­
nically feasible. 

The performance of the SLM extraction 
technique was evaluated in an explora­
tory investigation on nickel and its asso­
ciated chemicals in an electroless electro­
plating effluent. Several contactors were 
designed and the most promising one 
was optimised for the extraction proto­
col. Extractants, diluents and aqueous 
conditions were evaluated specifically for 
the extraction of nickel from an electro-
less plating effluent. Degradation pro­
ducts from the process were also success­
fully extracted. Specific proposals were 
made regarding the reconditioning of 
extracted species (pollutants) for recycling 
with a view to achieving an eventual zero 
discharge in the industry. 

Cosf R90 000 
Term: 1993 
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Application of the anaerobic 
digestion/ultrafiltration (ADUF) 
process for the treatment of 
metal-cutting-fluid waste water 
(No 593) Membratek (Pty) Ltd 

This 6-month project aimed to determine 
the capability of the ADUF process to 
treat metal-cutting-fluid waste water 
emanating from the steel industry. The 
process study was carried out in a 150 / 
stainless steel reactor, fitted with a 
0,44 m2 MEMTUF ultrafiltration unit, 
operated at 37 to 39°C and at a pH of 
6,8 to 7,5. 

The biodegradability of the effluent by 
anaerobic digestion was established and 
it was found that no chemical cleaning is 
required to maintain a stable membrane 
flux. However, the economic viability of 
the process is questionable as the low 
sludge load rates achieved (< 1,05 
gCOD/gVSS-d) necessitate excessive 
anaerobic digester volumes and hence 
high capital cost. 

The experimental results obtained 
should be seen as an initial phase in the 
evaluation of the ADUF process for this 
particular application. 

Cost: R60 000 
Term: 1994 

New projects 

Course development for the edu­
cation and training of industrial 
waste-water treatment plant 
operators and managers 
(No 657) Department of Biochemistry and Microbiol­
ogy, Rhodes University 

A significant problem identified in main­
taining the quality of the public water 
system in South Africa is the low stan­
dard of training of waste-water treat­
ment plant operators. 

The WRC is financing the construction 
of an industrial waste-water treatment 
research plant which is linked to Rhodes 
University and closely associated with the 
Leather Industry Research Institute (LIRI). 
It presents an outstanding opportunity to 
provide for the education and practical 
hands-on training of personnel involved 
in the treatment of industrial waste 
water. An investment in this area will 

have a direct impact on the quality of the 
public water system. 

The University has recently restruc­
tured the education and training of 
leather scientists and technologists 
through N certificate, university, diploma 
and postgraduate levels. This process has 
been approved by the Department of 
National Education. The courses are 
structured as modular career path com­
ponents and are delivered through the 
medium of distance learning with inten­
sive practical training components on-
site at LIRI. Course mentors are appoin­
ted to oversee study at the place of 
employment and the delivery of course 
assignments. This development provides 
a functional educational structure for 
accommodating the development of 2 
courses envisaged for: 

• Operators of industrial waste-water 
treatment plants (Module 1). The 
course will focus on practical hands-on 
aspects of plant operation. Limited 
theoretical aspects will be covered. The 
existing affirmative action programme 
will be available for upgrading skills in 
adult literacy, numeracy and general 
science. 

e Managers of industrial waste-water 
treatment plants (Module 2). This will 
be an advanced course for which the 
entrance requirement will be matricu­

lation with mathematics and science. It 
will include training in both theoretical 
and practical aspects at an advanced 
level and result in the award of a 
National Certificate qualification. 

Estimated cost: R140 000 
Expected term: 1995-1996 

Algal high-rate oxidation 
ponding for the treatment of 
abattoir effluents 
(No 658) Department of Biochemistry and 
Microbiology, Rhodes University 

Abattoir effluents present significant 
problems given their high levels of che­
mical oxygen demand, protein, nitrogen 
and phosphate. Recent developments in 
the South African meat industry have 
seen an increasing shift of stock slaugh­
ter numbers to country abattoirs. Conse­
quently the problems associated with 
abattoir effluents are no longer limited to 
large abattoirs only, but are also experi­
enced by smaller abattoirs. 

An urgent need therefore exists to 
develop low-cost, robust and low-main­
tenance treatment systems to meet the 
needs of country abattoirs. In view of the 
possibilities of algal high-rate oxidation 
ponding (AHROP) as an appropriate low-
cost system for treating various types of 

The AHROP system at Cato Ridge Abattoir showing the primary pond just freshly filled 
with waste water. 
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effluent, the WRC launched a research 
project on the AHROP process with the 
following objectives: 

• A laboratory study to evaluate the 
function of the AHROP process applied 
to the treatment of abattoir effluents 
(previously demonstrated in treating 
high-protein tannery effluents and 
sewage). 

s Scale-up evaluation of rate functions 
for the process in a 5 m2 outdoor 
pilot-plant facility under semi-labora­
tory conditions. Both total combined 
effluent and the polishing of partly 
treated effluents will be evaluated. 

• Construction of a 500 m2-scale 
demonstration facility on-site at 
Cato Ridge. 

Estimated cost: R571 300 
Expected term: 1995-1996 

Purification of high organic 
effluent by means of a tent-type 
anaerobic digester 
(No 659) Multilog Division, Abakor Ltd 

The disposal of high organic animal 
wastes such as those derived from abat­
toirs, feedlots and pig farms, create 
environmental problems especially for 
medium- to small-scale operations. 

In Taiwan, with its thousands of pig 
farmers, the government through its 
Taiwan Livestock Research Institute fun­

ded research to develop a low-cost, low-
maintenance process to deal with this 
problem. After a decade of research they 
developed a horizontal anaerobic bag 
type digester followed by an aerobic 
treatment step. 

The low construction cost of such an 
anaerobic digester is due to the use of a 
plastic called Red Mud Plastic, specifically 
developed for this purpose. The con­
struction details of such a digester have 
been made available to the WRC. 

The aim of this project is to determine 
whether the technology developed in 
Taiwan can successfully be applied in 
South Africa. Abakor is funding the capi­
tal involved for the construction of such 
a unit, whilst the WRC is providing funds 
for the other facets of the project. 

Estimated cost: R490 000 
Expected term: 1995- I 996 

Development and implemen­
tation of biological cleaning 
techniques for ultrafiltration and 
reverse osmosis membranes for 
industrial effluents with a high 
organic content 
(No 660) Department of Biochemistry, University of 
Stellenbosch 

Pressure-driven membrane separation 
processes, such as reverse osmosis (RO) 
and ultrafiltration (UF) are being used to 
an increasing extent in the purification of 

a wide range of industrial effluents. 
However, when effluents with a high 
organic content, such as those emana­
ting from abattoirs or paper industries, 
are treated with UF, serious fouling of 
the membranes occurs. 

The main aims of this project are to 
identify enzyme/detergent mixtures 
which are efficient removers of foulants 
from membrane surfaces, the develop­
ment of economic large-scale production 
techniques and the transfer of the clea­
ning regimes from laboratory to pilot-
plant application. 

Estimated cost: R176 000 
Expected term: 1995-1997 

Role played by Shewanella and 
sulphide-producing bacteria in 
metallic corrosion in industrial 
water systems 
(No 661) Department of Microbiology, University 
of the Western Cape 

In general, industrial waters contain 
higher concentrations of dissolved solids 
and salts than does drinking water. Such 
higher nutrient levels are conducive to 
microbial growth in water reticulation 
and storage systems. Sulphate-reducing 
bacteria (SRB) are recognised as the main 
cause of microbially influenced corrosion 
(MIC) in industrial water systems. 

The dominant bacterium, Shewanella 
putrefaciens, is an anaerobic variety 
whose role in microbial corrosion is as 
yet unclear. The main aim of this project 
is to investigate the ecology of SRB and 
Shewanella within biofilms in industrial 
water systems and their influence in 
MIC. 

Estima ted cost: R108 700 
Expected term: 1995-1996 

Enhanced granulation in upflow 
anaerobic sludge-bed digesters 
(UASB) by process induction and 
microbial stimulation 
(No 667) Department of Food Science, University 
of Stellenbosch 

Upflow anaerobic sludge bed (UASB) 
digesters have a long start-up period and 
so the usual policy is to purchase pel-
letised sludge from existing UASB The AHROP system at Cato Ridge Abattoir showing the high-rate oxidation pond. 
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digesters in order to get the digester 
operating as quickly as possible. 

Preliminary work in this project indica­
ted that, under particular stress condi­
tions, certain bacteria within the consor­
tium present excreted quantities of 
extracellular polymers which, under 
specific conditions, would form proto-
granules. This project will investigate 
methods whereby the process of granule 
(pellet) formation may be enhanced. 

Estimated cost: 
Expected term: 

R148 700 
1995-1996 

Complete treatment of dairy 
factory effluents by means of 
primary anaerobic digestion 
and secondary algal protein 
production 
(No 673) Animal Nutrition and Animal Production 
Institute, Agricultural Research Council 

In 1992 the WRC entered into an agree­
ment with the then Department of Agri­
cultural Development through its Animal 
and Dairy Science Research Institute for 
an investigation into dairy waste-water 
treatment processes. The research resul­

ted in the isolation of an aerobic organ­
ism that transforms 95% of the chemical 
oxygen demand (COD) into biogas. The 
COD of the remaining biomass is, how­
ever, still not acceptable for discharge 
into the environment. Since more and 
more dairy farmers prefer to process 
their milk into cheese or yoghurt the dis­
charge of their effluent could result in 
environmental problems. 

By utilising the effluent from the 
anaerobic process to grow the micro-
algae Spirulina the effluent is not only 
purified further but a high-valued pro-

A demonstration and training tannery waste biological treatment system at LIRI, Rhodes University encompassing the following: 

A common physical pretreatment plant. 

I '■. 

A common chemical pretreatment system in the background and A trickling filter system as either polishing or alternative 
the oxidation ditch system in the foreground. treatment route. 
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duct especially in terms of its protein 
content is produced. 

The proposed project therefore aims at 
combining these 2 processes into an 
environmentally friendly system, suitable 
for application by both large organisa­
tions and small farmers. 

Estimated cost: R120 000 
Expected term: 1995-1996 

On-site evaluation of an anion-
free flocculant for industrial 
cooling systems 
(No 674) Pollution Research Group, University of 
Natal and Eskom 

Membrane-based biotechno-
logical systems for treatment 
of organic pollutants 
(No 687) Department of Microbiology, Rhodes 
University 

Pollutants such as phenols, pesticides, 
polycyclic aromatics and polychlorinated 
biphenyls remain chemically stable under 
normal chemical or biological treat­
ments. Accumulation of these intractable 
contaminants leads to toxic hazards at 
many ecological levels. The main aim of 
the project is to develop biotechnological 
processes whereby white-rot fungal 

enzymes can be used to remove such 
organic pollutants from industrial efflu­
ents. In a preliminary study the viability 
of using polyphenol oxidase to remove 
phenols from polluted effluents and to 
immobilise this enzyme on flat-sheet 
membranes was demonstrated. The new 
study proposes to use novel hollow-fibre 
membrane bioreactors to develop a con­
tinuous process for the removal of 
organic pollutants from contaminated 
industrial waste water. 

Estimated cost: 
Expected term: 

R292 500 
1995-1997 

At present ferric chloride is added to 
power-station cooling water to effect 
removal of organic and inorganic conta­
minants. The resultant build-up of chlo­
ride ions in the cooling-water circuit 
results in corrosion of the condenser 
tubules, which are expensive to replace. 
Bleed-off from the cooling-water circuit, 
to control corrosion, constitutes the 
largest source, both in volume and salt 
mass, of liquid effluent from a wet-
cooled power station. 

An alternative approach is to use an 
anion-free flocculant, such as iron 
hydroxide, which is produced electro-
lytically. This would not only decrease 
corrosion but would also significantly 
reduce the effluent produced at a power 
station and hence the impact on the 
receiving water environment. 

The objectives of the project are thus to: 

8 Use the information gained from a 
preceding laboratory study to design 
and erect a pilot plant for the electro­
chemical production of iron hydroxide 
at a power station 

s Effect on-site evaluation of its effec­
tiveness to treat the different water 
circuits in a power station, and to 
establish how this is affected by varia­
tions in water quality. 

Estimated cost: R130 000 
Expected term: 1995-1996 

=££? 

One of the 5-stage Bardenpho reactors at the Hammarsdale Wastewater Treatment 
Works. 

The anaerobic and primary anoxic zones of the Bardenpho reactor. 
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Research projects 

Completed 
• KV48/94 Establishment of a basis for 

self-monitoring of water and effluent 
management in the fruit and vegetable 
industry (SRK (CE) Inc.) 

• KV50/94 Water and effluent manage­
ment self-auditing document (CRM Risk 
Control Consultants (Pty) Ltd) 

• 322 Study of a mine-water reclamation 
test plant (CSIR - Division of Mining 
Technology) 

• 393 Use of algae to bioassay for toxic 
substances in water (University of the 
OFS - Department of Botany and 
Genetics) 

• 530 Technology transfer of aguatic 
chemical speciation modelling (University 
of Natal - Department of Chemical 
Engineering, Pollution Research Group) 

• 533 Extractive purification of industrial 
effluent (Potchefstroom University for 
CHE - Department of Chemical 
Engineering) 

• 593 Application of the anaerobic diges-
tion/ultrafiltration (ADUF) process for the 
treatment of metal-cutting-fluid waste 
water (Membratek (Pty) Ltd) 

Current 
• 239 Transfer of waste-water manage­

ment technology to the meat processing 
industry (SRK (CE) Inc. and Abakor Ltd.) 

• 241 Dewatering of compressible filter 
cakes (University of Natal - Department 
of Chemical Engineering) 

• 263 Biological treatment of industrial 
water with the simultaneous production 
of single-cell protein (University of Preto­
ria - Department of Chemical Engineer­
ing) 

• 308 Recovery of water and chemicals 
from ion-exchange regeneration efflu­
ents (University of Natal - Department 
of Chemical Engineering) 

• 315 Utilisation of the fungus Geotri-
chum in waste water (University of 
Pretoria - Department of Chemical 
Engineering) 

• 331 Improved oxygen transfer for high 
biosludge concentrations (University of 
Pretoria - Department of Chemical 
Engineering) 

• 333 Removal of suspended solids from 
pulp and paper effluents by employing a 
combined sedimentation, flotation and 
sand filtration process (CSIR - Division of 
Water Technology) 

• 342 Improvement in water usage control 
and waste-water treatment in the 
sorghum beer industry (University of 
Pretoria - Department of Chemical 
Engineering) 

• 365 Evaluation and improvement of the 
anaerobic digestion/ultrafiltration (ADUF) 
effluent treatment process (CSIR -
Division of Water Technology) 

• 388 Evaluation of various methods for 
the forming of free radicals for the 
oxidation of molecules in industrial efflu­
ents and potable water (University of 
Natal - Department of Chemical 
Engineering, Pollution Research Group) 

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

• 409 Phenols in the steel industry waste 
water: Origin, prevention and removal 
(University of Pretoria - Department of 
Chemical Engineering, Division of Water 
Utilisation Engineering) 

• 410 Biological approach to the removal 
of organics from saline effluents (Rhodes 
University - Department of Biochemistry 
and Microbiology) 

• 453 Development of procedures to 
assess whole effluent toxicity (CSIR -
Division of Water Technology) 

• 455 Anaerobic digestion of dairy factory 
effluents (Irene Animal Production Insti­
tute, Agricultural Research Council) 

» 456 Regional treatment of textile and 
industrial effluents (University of Natal -
Department of Chemical Engineering) 

• 457 Monitoring and optimisation study 
of high-rate biofiltration, aerobic bio­
logical treatment processes for tannery 
and fellmongery waste water (LIRI 
Technologies) 

• 458 Development of an expert systems 
approach to water management in the 
fruit and vegetable processing industry 
(SRK (CE) Inc.) 

• 478 Saving of water with air-cooled heat 
exchangers (University of Stellenbosch -
Department of Mechanical Engineering 
and Eskom) 

495 Biotechnological approach to the 
removal of organics from saline effluents 
(Rhodes University- Department of 
Biochemistry and Microbiology) 

535 Use of filamentous micro-organisms 
for the purification of industrial effluents 
(University of Pretoria - Department of 
Chemical Engineering, Division of Water 
Utilisation Engineering) 

546 Development and demonstration of 
effluent treatment systems appropriate 
to the needs of the red meat abattoir 
industry (SRK (CE) Inc.) 
551 Evaluation of the potential quantity 
of methane gas from 85 anaerobic 
household digesters (BE La Trobe) 
552 Evaluation of immobilised semi­
conductor particles for the photo-
catalytic oxidation of organic pollutants 
in industrial and municipal waste water 
(University of Stellenbosch - Department 
of Chemistry) 

553 Application of capillary membranes 
in the biotechnological treatment of 
industrial effluents (University of Stellen­
bosch - Institute of Polymer Science) 

589 Development of management 
strategies and recovery systems for heavy 
metal wastes (SRK (CE) Inc.) 
590 Membrane technology for the 
treatment of industrial effluents (CSIR -
Division for Water Technology) 
592 Investigation into the use of 
biodispersants available for biofouling 
control in industrial water systems 
(University of Pretoria - Department of 
Microbiology and Plant Pathology) 

612 Reduction of scaling in industrial 
water-cooling circuits by means of 
magnetic and electrostatic treatment 
(Rand Afrikaans University - Energy 
Laboratory and Department of 
Chemistry) 

616 Use of algal and yeast biomass to 
accumulate toxic and valuable heavy 
metals from waste water (Rhodes 
University- Department of Biochemistry 
and Microbiology) 
617 Extractive purification of industrial 
effluents (Potchefstroom University for 
CHE - Department of Chemical 
Engineering) 

652 Purification of abattoir effluents 
by means of the protein reclamation 
process (Abakor Ltd) 
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New 
• 657 Course development for the 

education and training of industrial 
waste-water treatment plant 
operators and managers (Rhodes 
University - Department of 
Biochemistry and Microbiology) 

• 658 Algal high rate oxidation pon­
ding for the treatment of abattoir 
effluents (Rhodes University -
Department of Biochemistry and 
Microbiology) 

• 659 Purification of high organic 
effluent by means of a tent-type 
anaerobic digester (Abakor Ltd -
Multilog Division) 

• 660 Development and implementa­
tion of biological cleaning tech­
niques for ultrafiltration and reverse 
osmosis membranes for industrial 
effluents with a high organic con­
tent (University of Stellenbosch -
Department of Biochemistry) 

• 661 Role played by Shewanella and 
sulphide-producing bacteria in 
metallic corrosion in industrial water 
systems (University of the Western 
Cape - Department of Microbiology) 

• 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 -
Department of Chemical Engineer­
ing (Pollution Research Group) and 
Eskom) 

• 687 Membrane-based bio-
technological systems for treatment 
of organic pollutants (Rhodes 
University - Department of 
Microbiology) 

C O N T A C T P E R S O N S 
e Mr Z Ngcakani 

(Industrial Water and Effluent 
Management) 

• Dr TC Erasmus 
(Cross-flow Microfiltration and 
Power Stations) 

• DrSA Mitchell 
(Bioassaying) 

• Dr HM Saayman 
(Membrane Applications) 

<f}> (012)330-0340 



rnibrane technology 

On 8 May 1995 the WRC accepted 
the Strategic Plan for Water-related 

Membrane Research in South Africa, 
which had been developed over the pre­
vious 2 years. The most important goal 
to emerge from the plan was Research 
for Sustainable Development, which 
concentrates on the supply of potable 
water to disadvantaged communities; 
the abatement of environmental pollu­
tion, such as eutrophication and removal 
of colour or turbidity; and the industrial 
reuse of process water, including the 
reclamation of water and valuable pro­
ducts and the removal of toxic materials. 
These goals were selected with due 
regard to the government's RDP and the 
White Paper on Water Supply and Sani­
tation. Two other research needs were 
identified, namely innovative and tech­
nology-driven membrane research and 
the development of human resources 
and infrastructure in this regard. 

Regarding the development of human 
resources, the WRC has initiated a pro­
gramme whereby students at historically 
disadvantaged universities are being 
given bridging education in membrane 
development through involvement in 
membrane-related research projects 
funded by the WRC at the University of 
Stellenbosch. In this way both students 
and staff benefit from this transfer of 
technology. 

.••Jzi^H!c££* 

The strategic plan mentioned above 
formed the background against which 
new research proposals received during 
1995 for funding from 1996 onwards, 
were evaluated. 

Completed projects 

Establishment of a membrane 
file transfer protocol site on the 
CCWR computer (EMILY) 
(No KV70/95) Pollution Research Group, University 
of Natal 

An information repository or Electronic 
Membrane information Library (EMILY) 
was established on the Internet by the 
Pollution Research Group. Initially it was 
conceived to disseminate information 
regarding a model for tubular reverse 
osmosis systems which had been deve­
loped in an earlier WRC sponsored pro­
ject. The aim was to make model data 
globally available on the Internet. 

From such modest beginnings, EMILY 
has grown rapidly to become an interna­
tional clearing-house for an extensive 
range of membrane-related information 
covering details of membrane conferen­
ces, publication lists, manufacturers' data 
and newsletters. During the first 7 
months of its existence, EMILY has 
recorded more than 5 000 log-ins from 

all over the world, representing more 
than 2 000 different users. The adminis­
tration of EMILY was continued during 
1995 with additional WRC funding. It 
has been used as the basis for the trai­
ning of water researchers in the use of 
the Internet and has also spawned a 
closely related information repository 
dealing with water supply and sanitation, 
called WENDY. 

Cost: 
Term: 

R45 000 
1994-1995 

Industrial application of 
membranes 
(No 362) Institute for Polymer Science, University 
of Stellenbosch 

Effluents produced by industries such 
as SASOL, SAPPI, AECI and the mining 
industry created diverse opportunities 
for the development of new membrane 
processes to treat factory waste waters. 
The objective of the research project was 
to evaluate various reverse osmosis (RO) 
and ultrafiltration (UF) membranes on 
real or simulated effluents, first on a 
laboratory scale, and later at selected 
industrial sites. 

Ultra-thin RO membranes were suc­
cessfully developed for on-site treatment 
of brackish water for mining concerns in 
Botswana; UF and RO membranes were 
used to treat cooling water blow-down 
at SASOL II; pretreatment with UF, fol­
lowed by RO were used to fractionate 
wine lees in order to recover water, yeast 
cells and cream of tartar; cleaning 
regimes were developed for tubular UF 
membranes used in the treatment of 
abattoir effluents at Cato Ridge abattoir; 
UF membranes were also used to pre-
treat sea water before desalination with 
RO; and finally various supplemental 
polymer coatings were developed and 
evaluated to improve the salt-retention 
properties of various existing mem­
branes. 

Cost: 
Term: 

R418 800 
1991-1993 
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Electrically driven membrane 
separation processes for the 
treatment of industrial effluents 
(No 532) Division of Water Technology, CS1R 

Electrodialysis (ED) and its variants - elec-
trodialysis reversal (EDR), electro-electro-
dialysis (EED) and bipolar electrodialysis 
(BED) - were the selected technologies 
used to investigate the reclamation of 
water and chemicals from nickel and 
chromium electroplating processes. 

ED and EED were found to be cost-
effective technologies for the recovery 
of nickel, chromium and water from 
electroplating drag-out baths. BED, on 
the other hand, was successfully used for 
the regeneration of waste ion-exchange 
regenerants. 

BED was also cost-effective in recove­
ring acids from spent pickling baths and 
for acid or caustic soda reclamation from 
effluents containing sodium nitrate, sodi­
um sulphate and sodium acetate. 

The positive results obtained in this 
extensive investigation showed that elec­
trodialysis and its different variants could 
be used cost-effectively in the recovery of 
valuable plating metals in the electro­
plating industry. Recovered water could 
also be recycled to the different plating 

processes. Very short pay-back periods 
were calculated for certain of these treat­
ment processes. 

Cosf: 
Term: 

R98 000 
1993 

Modelling flow through porous 
media 
(No 585) Department of Applied Mathematics, 
University of Stellenbosch 

The basis for this project was developed 
in a preceding study. The prime objective 
of this project was to further improve the 
modelling framework of the determinis­
tic mathematical analysis of flow phe­
nomena in porous media and to demon­
strate the enhancement of the practical 
predictive capabilities in this field. 
Aspects such as contaminant transport 
and dispersion, macroscopic boundary 
effects, anisotropy of the porous struc­
ture and membrane morphology and 
pore dia. distribution were taken into 
account during the refinement of the 
model and the subsequent development 
of numerical simulation techniques. 

Viewed globally, the project produced 
a sound theoretical basis for the analyti-

^ * S . . 

cal and computational quantification of 
flow phenomena relating to seepage 
through foams and granular materials 
over the entire porosity and velocity 
spectra. The fact that theoretical predic­
tions, for vastly different physical phe­
nomena, correlate extremely well with 
experimentally generated results, pro­
vides confidence in the theoretical 
approach adopted and in the models 
developed. 

Cost: 
Term: 

R86 000 
1993-1994 

New project 

Designed functionalised poly­
mers by anionic macromolecular 
engineering for membrane 
development 
(No 723) Department of Chemistry, Vista University 
(Port Elizabeth Campus) 

Rapid industrialisation and urbanisation 
over the past decade have caused severe 
water pollution and hence the protection 
of valuable water resources has become 
a matter of national importance. An 
effective method of desalinating water 
for potable or industrial use is by the 
application of synthetic membrane sepa­
ration processes. 

Although most types of membrane are 
commercially available, they are still sub­
ject to certain disadvantages such as 
rapid hydrolysis, fouling and excessive 
cost. The main aim of this project is to 
develop polymers for membrane produc­
tion which will overcome most of these 
problems. Such cost-effective mem­
branes will be used with selected sterili­
sation techniques to produce potable 
water for rural and peri-urban communi­
ties from locally available sources. At the 
same time students and staff from a his­
torically disadvantaged university will be 
given training in membrane production 
and application at an existing centre with 
extensive experience in this regard. 

Mr Quentin Hurt in front of the EMILY bulletin board. 

\ A 
Estimated cost: 
Estimated term: 

R452 000 
1995-1997 
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Capillary membranes and modules 

Research projects 

Completed 
• KV70/95 Establishment of a membrane 

file transfer protocol site on the CCWR 
computer (EMILY) (University of Natal -
Pollution Research Group) 

• 362 Industrial application of mem­
branes (University of Stellenbosch -
Institute for Polymer Science) 

• 532 Electrically driven membrane 
separation processes for the treatment 
of industrial effluents (CSIR - Division 
of Water Technology) 

• 585 Modelling flow through porous 
media (University of Stellenbosch -
Department of Applied Mathematics) 

Current 

• 201 Treatment of inorganic brines and 
concentrates (University of Natal -
Pollution Research Group) 

• 238 Design criteria for crossflow 
microfiltration (University of Natal -
Pollution Research Group) 

• 529 Membrane characterisation by 
electrochemical measurements and 
membrane optimisation with computa­
tional fluid mechanics (Potchefstroom 
University for CHE - Department of 
Chemical Engineering) 

• 531 Development of characterising and 
cleaning techniques to classify foulants 
and to remove them from ultra- and 
microfiltration membranes by biochemi­
cal means (University of Stellenbosch -
Department of Biochemistry) 

• 547 Synthesis of organic precursors for 
the development of novel tubular mem­
branes for the treatment of industrial 
effluents (University of Stellenbosch -
Department of Chemistry) 

• 548 Investigation into the upgrading 
of Orange River water and secondary 
sewage effluent by means of ultra-
and nanofiltration (University of Stellen­
bosch - Institute for Polymer Science) 

• 618 Development of specialised cross-
and transverse-flow capillary membrane 
modules (University of Stellenbosch -
Institute for Polymer Science) 

• 619 Tolerant membranes (University 
of Stellenbosch - Institute for Polymer 
Science) 

• 632 Capillary membrane production 
development (University of Stellenbosch 
- Institute for Polymer Science) 

N e w 

• 723 Designed functionalised polymers 
by anionic macromolecular engineering 
for membrane development (Vista 
University - Department of Chemistry 
(Port Elizabeth Campus)) 

C O N T A C T P 1 R S O M S 
• Dr HM Saayman 

(Development and Application of 
Membranes) 

• Dr TC Erasmus 
(Engineering Aspects of 
Membranes) 

<ff (012) 330-0340 
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Ir©mete#r®l©gy 

South Africa's national water resources 
are both limited and highly variable in 
time and space. Consequently, the catch­
ment-scale and national assessment of 
water resources in relation to the water 
needs of the country and its communi­
ties are of vital concern for effective 
planning and management. Because 
both surface water and groundwater are 
closely linked to rainfall, particularly 
highly variable summer convective rain­
fall, hydrometeorological studies provide 
the cornerstone of water resources 
assessment. 

South Africa's raingauge network has, 
over the years, provided much valuable 
data for water resources assessment. 
Information derived from raingauge data 
include long-term, average spatial distri­
bution of rainfall and also the long-term 
behaviour, in terms of averages and 
probabilities, of localised (point) rainfall 
for periods of varying length, from one 
day through to several years. While such 
information makes a useful contribution 

to water resources assessment, much 
other rainfall-related information, not as 
easily obtained, is required by managers 
and practitioners who are confronted 
with water resources problems on a daily 
basis. Particular needs are for: 

8 Statistics on simultaneous space-time 
characteristics of storm rainfall over 
South Africa 

• The real-time, continuous monitoring 
of rainfields with respect to spatial dis­
tribution of rainfall amounts and 
intensities 

• Precipitation forecasting and predic­
tion with lead times varying from 
hours (nowcasting) through to several 
months (seasonal forecasting) and 
even decades (in the case of global 
climate change). 

Research projects in hydrometeorology 
are currently focused mainly on satisfying 
such needs. 

^ - — * * 
■■&• 

Workshops on 
hydrometeorology topics 

Two successful workshops, each attend­
ed by approximately 24 participants, 
were held in September 1995. 

The first, on characterising spatially dis­
tributed rainfall, achieved the following : 

* Needs for spatial rainfall characterisa­
tion were established 

* The state of the art with regard to 
measuring systems, interpolation 
methods and stochastic modelling 
was assessed 

* Recommendations were made regard­
ing future activities and research. 

The second, a joint initiative with the 
Weather Bureau, was on the potential 
hydrological uses of weather radar. The 
hydrological community, which was 
strongly represented at the workshop, 
was provided with information on the 
network of weather radars currently 
being developed by the Weather Bureau. 
The needs of hydrologists and water 
resources engineers for radar data pro­
ducts, to be used both for research and 
for operational purposes, were assessed 
and finally, initiatives for satisfying such 
needs were identified. 

Through the workshops, the extent of 
ground common to meteorologists and 
hydrologists was revealed and the com­
plementary needs and skills of the two 
groups, with respect to the solution of 
water resources problems, recognised. A 
sound basis for future co-operation was 
established. 

Elizabeth Mahlangu 

61 



I 

Completed projects 

Development of a rainfall 
estimation algorithm from 
Meteosat imagery 
(KV 69/95) Department of Geography and Environ­
mental Studies, Potchefstroom University for CHE 

The aim of this study was to investigate 
the relationship between satellite-derived 
cloud top temperature and observed 
rainfall in order to develop a satellite-
based rainfall estimation scheme. Hope­
fully, such a scheme would be able to 
contribute information on the areal dis­
tribution of rainfall, a need which cannot 
be met satisfactorily by using raingauge 
data alone. Investigations revealed a dis­
tinct but weak relationship between 
cloud top temperature and half-hourly 
rainfall, with coldest clouds having the 
highest rainfall probability. Contributing 
to the weakness of this relationship were 
the occurrence of cirrus clouds and the 
significant percentage of cold clouds 
which did not rain. While the study did 
not succeed in producing a usable rela­
tionship, a sound foundation was laid for 
further study and more rapid progress 
towards the goal. 

Cost: R20 000 
Term: 1992-1994 

Techniques for seasonal and 
long-term rainfall forecasting 
in South Africa 
(No 306) Department of Civil Engineering (Chair 
of Meteorology), University of Pretoria 

Water resources management would 
benefit significantly from reliable seaso­
nal rainfall predictions. This project 
aimed to investigate techniques which 
could be applied to predict rainfall 
anomalies over South Africa for periods 
ranging from two weeks to several 
months in advance. For seasonal predic­
tion, techniques based on the phase of 
the ENSO (El Nino - Southern Oscillation) 
still continued to enjoy the most success. 
However, statistical and neural net mod­
els appeared to have potential for im­
proving the spatial and temporal accu­
racy of seasonal rainfall predictions. 
Modelling was successful in illustrating 
the effect of large sea surface tempera­
ture (SST) anomalies over the tropical 

Indian and Pacific Oceans on circulation 
^dt.ern changes over South Africa. Such 
circulation changes constitute a non­
linear atmospheric response to convec-
tive forcing due to SST anomalies. To­
gether with associated rainfall anomalies, 
they would therefore be difficult to pre­
dict using an alternative approach. The 
modelling route is thus recommended as 
the best future means of investigating 
and developing seasonal rainfall predic­
tion schemes. 

Cost: R493 000 
Term: 1990-1995 

Development of a real-time, 
non-conventional rainfall 
mapping system 
(No 438) Department of Civil Engineering (Chair 
of Meteorology), University of Pretoria 

Information on the spatial distribution of 
rainfall in near-real time is required by 
many water resources and agrohydrolo-
gical applications. The aim of this project 
was to develop a system for the real-time 
mapping of daily rainfall using Meteosat 
data, calibrated on the basis of data 
obtained with radar and from raingauge 
networks. Building on results of research 
done at Potchefstroom University (see 
above report on KV 69/95), a procedure 
was successfully developed whereby 
rainfall rates could be assigned to clouds 
depicted in Meteosat imagery. 

The main features of this procedure are to: 

• Classify pixel groups recognised as 
raining clouds into different types of 
rain-producing cloud types 

• Calculate cloud depths in terms of 
temperature differences between 
cloud bases and cloud tops 

• Use a predetermined relationship for 
each cloud type to calculate appropri­
ate rainfall rates from corresponding 
cloud depths. 

Maps depicting satellite-derived daily 
rainfall compared well with maps based 
on measured rainfall for non-coastal 
regions; further research is, however, 
needed to establish correct procedures 
for coastal regions. 

Cost: R302 800 
Term: 1992-1995 

New projects 

Development of an objective 
system to forecast summer 
rainfall over Southern Africa 
(No 672) Department of Oceanography, University 
of Cape Town 

Recent research advances have demon­
strated that long-range forecasts over 
the plateau of Southern Africa are possi­
ble. Currently forecasts are, often very 
subjectively, based on a variety of atmos­
pheric and oceanic precursor indices. 
Uncertainties are high and forecasts are 
not sufficiently area-specific. The aim of 
this research project is to develop a sta­
tistical forecast system which objectively 
accounts for the interaction of global 
and regional predictive indices and cli­
matic forcing patterns. 

Estimated cost: R600 000 
Expected term: 1995-1998 

Weather radar measurement of 
rainfall as well as hydrological 
applications of weather radar 
(No 693) Department of Civil Engineering (Chair 
of Meteorology), University of Pretoria 

Limitations of available measurement 
systems have for long prevented ade­
quate characterisation of the joint spatial 
and temporal properties of convective 
rainfall over South Africa. With the 
recent acquisition of a dual wavelength 
(S- and X-bands) research radar and the 
deployment of a national network of 
C-band radars, these limitations can be 
addressed, provided appropriate tech­
niques are developed. This project aims 
to develop and apply S- and X-band 
radar techniques for measuring storm 
rainfall accurately at scales varying from 
cloud to catchment scale. Intercompari-
sons with rainfall observations by means 
of C-band radar, satellite and raingauges 
will also be made and analysed. 

Estimated cost: R760 000 
Expected term: 1995-1998 
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Research projects 

Completed 
» KV69/95 Development of a rainfall 

estimation algorithm from Meteosat 
imagery (Potchefstroom University for 
CHE - Department of Geography and 
Environmental Studies) 

• 306 Techniques for seasonal and 
long-term rainfall forecasting in South 
Africa (University of Pretoria -
Department of Civil Engineering 
(Chair of Meteorology)) 

• 438 Development of a real-time, 
non-conventional rainfall mapping 
system (University of Pretoria -
Department of Civil Engineering 
(Chair of Meteorology)) 

Current 
• 349 Evaporation measurements above 

vegetated surfaces using micro-meteo­
rological techniques (University of Natal 
- Department of Agronomy) -

• 374 Southern Agulhas Current and its 
influence on the weather and climate 
of Southern Africa (University of Cape 
Town - Department of Oceanography) 

• 436 Mechanisms of short-term rainfall 
variability (University of Cape Town -
Department of Oceanography) 

• 437 Assessment of the potential for 
using stable carbon isotope ratios of 
wood charcoal as a climate indicator 
(South African Museum - Cape Town) 

• 550 Development of models to stochas­
tically generate spatially distributed 
daily rainfields (University of Natal -
Department of Civil Engineering) 

• 594 Regional climate change scenarios 
for precipitation and temperature from 
general circulation models (University of 
Cape Town - Department of Environ­
mental and Geographical Science) 

• 595 Modelling rainfall-producing 
systems over Southern Africa 
(University of the Witwatersrand -
Climatology Research Group) 

» 596 Development of a real-time 
non-conventional rainfall mapping 
system for coastal zone cloud systems 
(University of Pretoria - Department 
of Civil Engineering) 

New 
• 672 Development of an objective 

system to forecast summer rainfall over 
Southern Africa (University of Cape 
Town - Department of Oceanography) 

• 693 Weather radar measurement of 
rainfall as well as hydrological applica­
tions of weather radar (University of 
Pretoria - Department of Civil 
Engineering) 
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Rainfall stimulation 

Water resources augmentation has 
become a necessity in various parts 

of South Africa. Rainfall stimulation 
through cloud seeding is an augmenta­
tion option which has been researched 
locally for many years under the auspices 
of the WRC and the Weather Bureau. 
Prior to 1995, however, no operational 
cloud seeding for rainfall stimulation had 
yet been attempted. 

During recent years of research, it has 
been demonstrated fairly conclusively 
that convective clouds respond to a 
seeding procedure whereby hygroscopic 
particles are released into the clouds' 
updraft regions by means of aircraft-
borne flares especially developed for this 
purpose. The response becomes evident 
about 20 min after seeding commences. 
On average, a sample of randomly cho­
sen treated clouds was found to produce 
30% more rain, measured with radar, 
than a corresponding sample of non-
treated clouds. 

The experiments which yielded the 
above-mentioned results were carefully 
planned by statisticians and carried out 
in the vicinity of Carolina in Mpumalanga 
Province and Bethlehem in the Free 
State. The research team comprised 
scientists and technicians employed by 
the Weather Bureau and the firm 
CloudQuest (Pty) Ltd, assisted by UNISA's 
Centre for Applied Statistics. Statistical 
experimentation was supported by 
microphysical measurements made in 
clouds using suitably instrumented air­
craft, and also by numerical studies 
undertaken largely with collaborators in 
the United States. 

Early in 1995 the serious drought in 
the Northern Province resulted in a 
request to the WRC and the Weather 
Bureau, through the DWAF, to launch 
an emergency rainfall stimulation pro­
gramme in an effort to contribute to 
much needed drought relief. The public 
in the province were widely consulted. By 

9 February 1995 the parties involved had 
reached consensus and preparations to 
launch the programme commenced in 
earnest. Whereas research in the Caroli­
na area was affected by these activities, 
research in the Bethlehem area was able 
to continue unhindered. The Carolina 
research had ultimately to be terminated 
because of the need to relocate radar 
equipment and aircraft to Tzaneen in the 
Northern Province. 

The Northern Province emergency 
programme was able to commence on 
3 March 1995. Although run on an ope­
rational basis for the first time in South 
Africa (i.e. the choice of clouds to seed 
was no longer constrained by statistical 
randomisation procedures), aircraft ope­
rations and data collection were never­
theless planned with the intention of 
developing and testing methods of eva­
luating the success of operational cloud-
seeding activities. 

By the end of March 1995, 9 opera-
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tional days, for which adequate data sets 
were available, had been logged for fur­
ther analysis. On these days, selection of 
storms to be seeded was done very early 
in the lifetime of each storm, well before 
it had become clear how long the storm 
would last and how much rain it would 
produce. Notwithstanding this, on 8 out 
of the 9 days, the storms which were 
seeded produced more rainfall than any 
other storm within the range of the 
radar on that day. 

The Weather Bureau maintains a dis­
trict rainfall database containing monthly 
rainfall over a 75-year period for the 93 
districts into which South Africa is divi­
ded. Rainfall measurements made by all 
the rainfall stations within each district 
contribute to this database, which serves 
as a basis for rainfall comparisons 
between districts. Recorded tracks of 
storms seeded on the 9 operational days 
in March showed that seeded storms 
were mostly confined to District 64. 
Neighbouring districts which could serve 
as control areas for purposes of compari­
son were Districts 76 and 48. When dis­
trict rainfall comparisons were made for 
March 1995, it transpired that District 64 
rainfall was considerably higher than 
rainfall which one would have expected 
from linear relationships between March 
rainfall of District 64 and that of District 
76 and District 48. 

Although these results cannot, at this 
early stage, be regarded as conclusive, 
they do suggest that elevated rainfall 
was experienced by District 64 during 
March 1995, possibly as a result of 
cloud-seeding activities. 

Over the next three seasons it is hoped 
to round off what will then be approxi­
mately 15 years of research into the fea­
sibility of rainfall enhancement through 
cloud seeding. The emphasis will shift 
towards experimentation aimed at con­
clusively demonstrating hydrological be­
nefits of operational seeding over a spe­
cific target area and towards the deve­
lopment of procedures for the scientific 
evaluation of operational cloud-seeding 
programmes in general. 

Research project 

Cur ren t 

• 133 National precipitation research 
programme with'a view to rainfall 
enhancement (Company for 
Research on Atmospheric Water 
Supply (CRAWS) and Department 
of Environment Affairs (Weather 
Bureau), subcontracting CloudQuest 
(Pty) Ltd and UNISA) 

C O N T A C T P I R S O N 

• Dr GC Green 

<ff> (012) 330-0340 
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l^tKr: 

igement of mater resources 

The well-known phrase: "So much 
water and not a drop to drink" illus­

trates the epitome of what happens if 
our water resources are not managed in 
an integrated way. Appropriate public 
participation in this process is of cardinal 
importance. 

It is extremely heartening to see that 
the environment is no longer seen as an 
ordinary water user in competition with 
other user groups but as the resource 
base to be protected along with the pro­
tection of the environment. This resource 
base is not only the river but the entire 
catchment and the ecosystems it har­
bours. The wise utilisation of this 
resource base in the face of growing 
human demands will need all the skills 
and wisdom we as a nation can muster. 

The unequal access to resources needs to 
be redressed promptly, while maintaining 
a balance between the resource base 
and hasty and politically expedient deci­
sions. 

The pioneering research which started 
in 1989 on the quantitative structuring 
of national water-planning objectives has 
taught us many things, not the least of 
which that a society has to grow into 
accepting new management cultures. 
This is a slow process. 

The role of science in this process will 
have to become more people-orientated 
because only incentives and policies that 
can persuade people to change their 
behaviour can assure equitable access to 
water and a safe future for our resource 
base. 

Completed projects 

Development of flood-damage 
functions and a computer 
program to determine the 
advantages of flood and flood 
damage control measures 
(No 490) Department of Agricultural Economics, 
University of the OFS 

On average once every 2 years South 
Africa experiences floods which cause 
significant damage and flood-damage 
control measures are therefore necessary 
to reduce the damage. In order to deter­
mine the optimal combination of these 
control measures to be incorporated in a 
flood management plan, planning aids 
are needed. An example of such an aid is 
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The health of an urban lake depends on integrated management of its catchment. 
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a computer program by means of which 
the damage caused by various floods can 
be estimated. As such computer pro­
grams were not available in South Africa, 
the purpose of this project was to rectify 
this situation. 

The programs are aimed at integrating 
the hydrological information on floods 
with the topographical properties of the 
flood-plain, as well as with the land uses 
within the flood-plain and the flood-
damage functions of the various land 
uses. A flood-damage function refers to 
relationships which indicate the damage 
done to a specific land use, for example 
for various flood-water depths. 

Studies were conducted separately in 
urban and in irrigation areas in order to 
develop flood damage functions, the re­
levant computer database and computer 
program for the optimisation of various 
flood-control and flood-damage control 
measures. For the urban areas the muni­
cipal area of Vereeniging adjacent to the 
Vaal River was selected, as well as the 
Upington municipal area adjacent to the 
Orange River. The other part of the inves­
tigation comprised the irrigation area 
upstream and downstream of Upington 
(i.e. from the Gifkloof Barrage up to the 
Manie Conradie Bridge at Kanoneiland). 

The results of the study can be sum­
marised as follows: 

8 Flood-damage functions were deter­
mined for the various land uses in the 
irrigation and urban areas. 

• Computer databases which store the 
above-mentioned functions, were 
developed for both areas. 

• Computer models were developed to 
determine various combinations of 
flood-damage control measures. 

8 The application of the computer pro­
grams was illustrated for both of the 
areas investigated. It was, for example, 
shown that the models could be used 
to estimate the average annual da­
mage; and that they could be applied 
to determine the benefits of flood-
damage control measures in irrigation 
and urban areas. 

8 All the research objectives were met 
for both of the areas investigated. 
More research is, however, required to 

further develop the models up to a 
point where they can be applied more 
widely than just the Vereeniging and 
Upington areas, as well as to facilitate 
their application. A follow-up project 
will deal with these aspects. 

Cosf: R443 700 
Term: 1992-1994 

Case study of stormwater 
pollution control in a represen­
tative valley 
(No 518) Wates, Meiring and Barnard Inc. 

The area selected for the study was the 
Hennops River catchment upstream of 
and including the Centurion Lake. This 
catchment contains a typical South 
African assortment of diffuse pollution 
sources such as the Olifantsfontein 
sewage treatment plant, a quarry, Tem-
bisa and Ivory Park townships, informal 
and low-cost housing as well as various 
agricultural and industrial activities. At 
the onset of the research it was envi­
saged that 80% of the pollution could 
probably be removed at 20% of the cost 
if some priority ranking of worst cases 
could be achieved. Results of the study 
showed that the major source of pollu­
tion is solid waste and faecal contami­
nants which are the result of deliberate 
pipe blockages, high population densi­
ties, ineffective on-site sanitation and 
general lack of environmental awareness. 
The contributions of the Olifantsfontein 
treatment plant were a source of dilution 
for upstream pollution. The Hennops 
River water, however, was unfit for use in 
all the selected water user categories: 
domestic, irrigation, industry, contact 
recreation, livestock and aquatic life. The 
study also highlighted the lack of institu­
tional arrangements to combat pollution 
on a catchment basis and that integrated 
catchment management is the answer to 
restoring the health of urban lakes, as 
chlorination methods cannot safeguard 
it. 

Cosf: R266 600 
Term: 1993-1995 

New projects 

Holistic, catchment-scale, 
comparison of water-use 
efficiency of crops, focusing on 
the comparison between forest 
plantations and key irrigated 
agricultural crops 
(No 666) Division of Forest Technology, CSIR 

The conflict between forestry and irriga­
ted agriculture regarding water use is 
well known. Typically, forestry is located 
in higher rainfall upper parts and agricul­
ture in drier lower parts of catchments. If 
forestry establishment temporally follows 
agricultural activities, it has been argued 
that water-thirsty trees reduce runoff and 
deprive agricultural crops of surface 
water applied for irrigation purposes. 
One aspect of this problem is insufficient 
information on the value of production 
in relation to water use of various crop 
types. The objectives of the research are 
therefore to calculate the water-use effi­
ciency by comparing annual monetary 
return with water use by forestry species 
and ranking selected irrigated crops 
accordingly. These ratios will be a valu­
able input to determine the economic 
impact of re-allocation of limited water 
resources. Due recognition will of course 
also have to be given to legal, social and 
ecological considerations. The existing 
real competition between afforestation 
and a range of irrigated agricultural 
crops including tropical fruit, sugar cane 
and tobacco will be analysed on a case-
study basis within the Crocodile River 
catchment. The aim is to consolidate and 
refine all available information on water 
use, yield and revenue. As the ratio of 
water-use efficiency is sensitive to 
changes in at least two quantities, it will 
be necessary to estimate a likely range 
for each crop. This will allow a realistic 
comparison under current and expected 
hydrological and economic conditions. 
The functionality of the catchment 
resource allocation model (CRAM) as a 
tool designed to facilitate comparisons 
between competing resource users will 
be tested. These results will assist stake­
holders in forestry and agriculture as well 
as policy-makers on a provincial and 
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national level to resolve issues regarding 
the efficient and equitable re-allocation 
of water. 

Estimated cost: R204 700 
Expected term: 1995-1996 

Capacity of catchments to satisfy 
the water requirements of rural 
areas 
(No 680) Department of Landscape Architecture, 
University of Pretoria 

The water resources of South Africa are 
being put under extreme pressure as a 
result of the historic and unnatural deve­
lopment of the population distribution. 

The sad dichotomy of the situation is 
that growing local over-population seri­
ously affects the ecological capacity of 
the resource base while at the same time 
demands on the local resources such as 
wood and water are increasing. 

The spatial distribution of our water 
resources has never been closely studied 
in the context of population distribu­
tions. Present technology enables us to 
assess both surface and groundwater 
resources against the latest census data. 
On this basis it will be possible to make 
an evaluation of the specific capacity of 
catchments to satisfy local water 
demands. Possibly a national picture of 
required future water transfers can be 
painted. 

Estimated cost: R110 000 
Expected term: 1995 

Integrated catchment manage­
ment approaches in South Africa 
(No 682) Division of Environmental Services, CSIR 

This project is seen as an initial step in 
developing an approach to integrated 
catchment management (ICM) for the 
South African situation. It has been 
recognised that there is a need for 
greater transparency in the process of 
water allocation and management. In a 
people-orientated society ICM facilitates 
the participation of the public in these 
issues while still maintaining the aims of 
sustainable utilisation of resources. 

However, care has to be taken that 
this ICM process is implemented in South 
Africa in an appropriate fashion. A criti-
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cal review of international experience in 
this regard is necessary. 

Processes and tools applicable to the 
South African situation need to be iden­
tified and this information needs to be 
conveyed to scientists, managers and the 
public so that common understanding of 
methods for arriving at agreed manage­
ment practices, is enhanced. 

Estimated cost: R98 580 
Expected term: 1995 

Continued research on flood 
damage functions, models and 
computer programs for irrigation 
and urban areas in South Africa 
(No 690) Department of Agricultural Economics, 
University of the OFS and the DWAF 

In a previous project models were deve­
loped by means of which information 
can be generated in an ex ante manner, 
i.e. prior to a flood. Thereby it has 
become possible to estimate the likely 
occurrence of floods within demarcated 
areas, and to determine the advantages 
of various flood control measures. This 
information is useful for optimal flood 
and of flood-plain management, in terms 
of the integrated approach to catchment 
planning. The functions, models and pro­
grams are, however, restricted to certain 
localities. In order to render them applic­
able to other areas, adjustments have to 
be made and their correctness and validi­
ty tested anew. The purpose of this re­
search is therefore to develop and adjust 
the various components of flood damage 
estimates in order to render them more 
generally applicable to irrigation and 
urban areas. Provision also has to be 
made for three levels of decision-making, 
namely local, regional and national. This 
would entail a study to find more rapid 
and cost-effective methods of gathering 
information on e.g. land-use patterns 
and types of housing. The expected re­
commendations regarding the responsi­
bilities of individuals and local communi­
ties with regard to flood consequences, 
in accordance with the revised flood 
management policy, should also be taken 
into account. The need for timely infor­
mation on damage potential is empha­
sised due to rapid urbanisation and the 
risk of loss of life due to habitation with­
in the flood-level boundaries of rivers. 

The activities that require attention 
include situation assessment and selec­
tion of alternative study areas, identifi­
cation of critical variables which need to 
be adjusted, development of standard 
survey methods and compilation of a 
data bank of flood damage functions. 
Mainly planners and policy-makers are 
the target groups aimed at. 

Estimated cost: R247 500 
Expected term: 1995-1996 



Research projects 

Completed 
• 490 Development of flood-damage 

functions and a computer program 
to determine the advantages of flood 
and flood-damage control measures 
(University of the OFS - Department 
of Agricultural Economics) 

• 518 Case study of storm-water pollu­
tion control in a representative valley 
(Wates, Meiring and Barnard Inc.) 

Current 
• 375 Development of a distributed 

hydrological modelling system to 
assist with water quantity and quality 
management in the Mgeni catchment, 
Phase II (University of Natal - Depart­
ment of Agricultural Engineering) 

• 512 Development of procedures for 
decision support in water resources 
management (University of Cape Town 
- Department of Statistical Sciences) 

• 5 1 5 Groundwater abstraction in the 
Port Elizabeth municipal area (SRK (CE) 
Inc. and the Municipality of Port Eliza­
beth) 

• 526 Distribution of fluoride-rich 
groundwater in the eastern and 
Mogwase regions of Bophuthatswana: 
Influence of bedrock and soils and con­
straints on utilisable drinking-water 
supplies (University of Cape Town -
Department of Geology) 

• 639 Economics of groundwater usage: 
The importance of intrinsic value as a 
basis for sustainable management 
(Economic Project Evaluation (Pty) Ltd) 

• 640 Extension and refinement of the 
AQUAMOD computer software pack­
age (University of the OFS - Institute 
for Groundwater Studies) 

• 642 Development of a water informa­
tion management database system for 
data capture and processing at local 
authority level (University of the OFS -
Institute for Groundwater Studies) 

New 
• 666 Holistic, catchment-scale, compari­

son of water-use efficiency of crops, 
focusing on the comparison between 
forest plantations and key irrigated 
agricultural crops (CSIR - Division of 
Forest Technology) 

• 680 Capacity of catchments to satisfy 
the water requirements of rural areas 
(University of Pretoria - Department of 
Landscape Architecture) 

• 682 Integrated catchment management 
approaches in South Africa (CSIR -
Division of Environmental Services) 

• 690 Continued research on flood 
damage functions, models and 
computer programs for irrigation 
and urban areas in South Africa 
(University of the OFS - Department 
of Agricultural Economics and the 
DWAF) 
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13 
Surface hydrology 

As the pressure on our water 
resources increases, the need for 

better scientific knowledge and under­
standing of processes increases accor­
dingly. Even at the international level we 
find that debates on water resources 
issues are often characterised more by 
emotional than factual content. 

The role of hydrology as an earth 
science will need clear redefinition; 
with limited funding, the priorities for 
research will have to become more 
society-orientated. 

As water shortages are experienced by 
a growing number of people, there is a 
considerable risk that a lack of factual 
information could lead to misdirected 
ways of alleviating the problem. Some 
years ago the effect of small dams on 
our surface runoff regimes started to 
emerge as an important issue. Presently 
this problem is well recognised. However, 
from a hydrological process viewpoint, 
the large reservoirs we have been buil­
ding suffer from the same shortcomings. 
In fact, each reservoir we build creates a 

new opportunity for accelerated evapo­
ration and disappearance of water into 
the vastness of the atmosphere, most 
probably never to make any further con­
tribution to our available water. With 
each successive assessment, we find that 
our available water resource is decrea­
sing. Two reasons can be put forward: 
our droughts are getting worse and/or 
evaporation losses out of our systems are 
increasing. If we quantify these losses 
adequately, we may arrive at solutions to 
water supply problems that could deviate 
drastically from traditional approaches. 

Knowledge and good information can 
be expected to play a vital role in the 
future negotiation process concerning 
water. However, there is a danger of 
moving into an area of sectoral hydrolo­
gy such as forest hydrology, irrigation 
hydrology and pollution hydrology each 
supporting specific interests. We must 
make sure that hydrology continues to 
be developed as the universal science 
which forms the basis of integrated 
water management. 

Completed projects 

Adaption and calibration of an 
urban runoff quality model 
(No 299) Division of Water Technology, CSIR 

The primary objective of this research was 
to modify an existing urban runoff model, 
WITSKM, in order to perform water quali­
ty modelling under typical South African 
urban conditions. 

With the model best management 
practices (BMP), diversion and detention 
of runoff can be evaluated in terms of 
water quality. This will allow that, in the 
management of urban runoff, attention 
can be given to both quantity and quality 
of runoff when drainage systems are 
designed. The developed model, now 
called WITQUAL, was applied to 7 runoff 
events for the Shembe catchment near 
Durban, a catchment dominated by infor­
mal and low-cost housing. The pollutant 
types modelled were suspended solids, 
total dissolved solids and particulate and 
dissolved phosphorus. Running the model 
in a continuous mode, with constant 
model parameters, for the entire period, 
showed results that can be considered 
adequate for examining typical "what-if" 
management scenarios in urban runoff. 
However, the biggest unknown factor in 
applying the model in new situations is 
the determination of pollutant build-up 
rates, the nature of the pollutants in the 
catchment and particle size distributions. 

Cosf: 
Term: 

R656 000 
1990-1994 

Thandi Sondlo 

Revision of the SCS-based design 
runoff procedures 
(No KV 64/94) Department of Agricultural 
Engineering, University of Natal 

The United States Department of Agricul­
ture's Soil Conservation Service (SCS)-
based techniques for the estimation of 
design flood volume and peak discharge 
from small catchments (i.e. < 30 km2) 
were originally adapted for use in South­
ern Africa by Schulze and Arnold in 1979. 
Based on extensive research and extended 
databases, an updated version of the 
1979 design manual was produced in 
1987 in the form of 3 reports published 
by the WRC: TT 31/87, TT32/87 and TT 
33/87. 
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In 1991 when more than 1 000 copies 
of these reports had been distributed, it 
was realised that a computerised update 
was needed. This consultancy subse­
quently produced: 

* A user manual of approximately 80 
pages 

• A user-friendly software package for 
PC/DOS. 

The new South African soil classification 
was included for easy reference and some 
other modifications, as suggested by 
users, were incorporated. 

evaporation from the Orange River below 
Vanderkloof Dam indicated poor relation­
ships between evaporation from pans and 
Bowen ratio estimates. 

Indications are that future estimates of 
evaporation may be enhanced by using 
land-based meteorological data rather 
than traditional evaporation pans. The 
above study, however, only measured 
evaporation over a 30-day period. 

The present study will measure evapo­
ration over an extended period and esta­
blish the relationship between observed 
evaporation and commonly used climate 
variables. 

Estimated cost: 
Expected term: 

R241 000 
1995-1996 

C O N T A C T P E R S O N S 
• MrH Maaren 

(Hydrology and Water 
Management) 

• Mr HC Chapman 
(Urban Water Balance) 

• Mr DS van der Merwe 
(Flow Measurement and Sediment) 

<Jf» (012)330-0340 

Cost: R19 000 
Term: 1994 

New projects 

Short-duration design rainfall 
estimates for Southern Africa 
(No 681) Department of Agricultural Engineering, 
University of Natal 

Many thousands of engineering and con­
servation designs, involving millions of 
rands, are made annually in South Africa 
requiring the best possible short-duration 
design rainfall data. Databases used in 
current depth-duration-frequency proce­
dures only extend to the 1970s and were 
derived from manually extracted values at 
4 time intervals (15, 30, 45 en 60 min). 
Since 1970 the extended digitised data­
base has become available and this desk­
top research will use state-of-the-art 
techniques of extreme value analysis, 
regionalisation of data, interpolation and 
extrapolation, while some results will be 
presented in GIS format. 

Estimated cost: 
Expected term: 

R390 000 
1995-1998 

Evaporation from the Orange 
River: Quantifying open water 
resources 
(No 683) Division of Forest Science and Technology, 
CSIR 

Evaporation from open-water surfaces 
constitutes the biggest single loss of water 
from our river and reservoir systems. A 
recent study (Report No KV 53/94) on 

Research projects 

Completed 
• 299 Adaption and calibration of an 

urban runoff quality model (CSIR -
Division of Water Technology) 

• KV64/94 Revision of the SCS-based 
design runoff procedures (University 
of Natal - Department of Agricultural 
Engineering) 

Current 
• 317 Urban catchment monitoring 

(Welkom City Council and SRK 
(CE) Inc.) 

• 319 Monitoring the effect of catchment 
development on urban runoff and 
water balance (University of the Witwa-
tersrand - Department of Civil Enginee­
ring, Water Systems Research Group) 

• 424 Development of an urban compo­
nent for the ACRU model (University 
of Durban-Westville - Department of 
Geography) 

• 442 Development of improved flow 
gauging structures for South African 
rivers (Sigma Beta (CE)) 

• 492 Effect of the agricultural environ­
ment on water resources (University 
of Natal - Department of Agricultural 
Engineering) 

• 493 Development and testing of a 
water balance model for a grassland 
catchment in the summer rainfall area 
of South Africa (CSIR - Division of 
Forest Science and Technology) 

• 494 Classification and hydrological 
modelling of low flows in Southern 
Africa (Rhodes University - Institute 
for Water Research) 

• 509 Palaeoflood hydrological analysis 
for selected South African rivers 
(Geological Survey) 

• 511 Hydrological implications of 
afforestation in the North-Eastern 
Cape (CSIR - Division of Forest 
Science and Technology) 

• 580 Control of dam siltation in South 
Africa (BKS Inc.) 

• 635 Flow regimes from international 
experimental and network data 
(FRIEND) for Southern Africa 
(Rhodes University - Institute for 
Water Research) 

• 636 Hydrological systems modelling 
research programme: ACRU model 
development and user support 
(University of Natal - Department of 
Agricultural Engineering) 

• 637 Hydrological systems modelling 
research programme: Hydrological 
process research (University of Natal -
Department of Agricultural 
Engineering) 

• 638 Studies on river losses: Phase 2 
(BKS Inc.) 

• 643 Development of rigorous enginee­
ring methodology for designing vegeta­
tive erosion protection systems: Phase 2 
(SRK (CE) Inc.) 

New 
• 681 Short-duration design rainfall 

estimates for Southern Africa 
(University of Natal -Department of 
Agricultural Engineering) 

• 683 Evaporation from the Orange River: 
Quantifying open water resources 
(CSIR - Division of Forest Science and 
Technology) 
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£®nserwaii©n of mater ecosystems 

Much of the research being funded 
in this field is aimed at alleviating 

the effects of human interference with 
natural ecosystems. Inter-basin transfers 
(IBTs) have been widely used in South 
Africa for some decades, but little is 
known of the ecological and geomor-
phological impacts of these on the donor 
and recipient rivers. With more major 
IBTs being planned, the WRC has funded 
2 projects which started this year to 
investigate the ecological effects of IBTs. 

The development of the South African 
Scoring System (SASS), a rapid method 
for the bioassessment of river health 
using the invertebrate fauna, has 
reached a point where it gives pre­
dictably consistent results, and is now 
being applied routinely in areas. Tech­
niques for ecotoxicity testing using 
organisms from the lotic (running water) 
environment continue to be developed, 
with the start of a follow-up project by 
the Institute for Water Research, Rhodes 
University, on the use of an artificial 
stream for determining tolerances of 
organisms to pollutants. Projects from 
the Kruger National Park Rivers Research 

Programme are providing information 
useful not only for the management of 
these rivers, but also knowledge that 
may be applied to river management 
generally. A project on the water quality 
modelling of estuaries was started during 
1995 to further the development of the 
decision support system being developed 
for estuarine management by the Con­
sortium for Estuarine Research and 
Management (CERM). 

The Co-ordinating Committee for 
Water Ecosystems Research met during 
the year, and it became apparent that 
the research plan for the field needs sub­
stantial revision. This will be done during 
1996. 

Professor M Newson, a fluvial geomor-
phologist/hydrologist from the UK, visit­
ed South Africa early in the year. During 
his visit a workshop was held, and one of 
the products of this was a matrix propos­
ing standardised nomenclature for physi­
cal biotopes in lotic habitats by flow 
type. This was tested by the National 
Rivers Authority in the UK and it appears 
that it will form the basis of a useful sys­
tem. 

Dr C Swinnerton of the National Rivers 
Authority, UK, was sponsored by the 
WRC and was a keynote speaker at the 
South African Society for Aquatic Scien­
tists Conference in Grahamstown and 
visited institutes where river research is 
being conducted. 

Completed project 

Proceedings of the estuaries 
workshop held at Port Alfred 
on 3 to 4 November 1992 
(No KV60/94) Consortium for Estuarine Research 
and Management 

A workshop was held by the Consortium 
for Estuarine Research and Management 
(CERM) with the objective of developing 
a decision-support approach to deter­
mine the research and management 
needs of estuaries. During the workshop 
the following issues were identified: 

• The need to be able to predict the 
consequences of altering the natural 
pattern of freshwater inflow 

• The importance of determining the 
conservation status of estuaries 

• The need to make decisions through 
the IEM (Integrated Environmental 
Management) framework as used by 
the DWAF and the Department of 
Environmental Affairs and Tourism 

9 The need for an importance rating 
system for use on estuaries 

• The need to develop predictive capa­
bilities for estuarine management 

• That CERM will support and enhance 
decision-making processes for estua­
rine management. 

New projects 

System-related scale study to 
determine the function of the 
riparian vegetation of the 
Olifants River, Transvaal 
(No 663) Roodeplaat Grassland Institute, Agricultural 
Research Council 

A river system is the natural drainage of 
a catchment and is regarded as a highly 
complex ecosystem. These ecosystems 
are dynamic by nature and reflect the 
type and condition of the land area 
which is being drained. Should any part Rose Masango 
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of the system be disturbed the whole 
system will be affected. 

Incorrect agricultural practices in the 
past caused unnecessary damage to river 
systems. Riparian vegetation is an inte­
gral part of any river ecosystem and 
destruction of this vegetation causes 
destabilisation of river banks which 
results in greater runoff, an accelerated 
erosion rate, and more silt deposition in 
the river system. Poor management prac­
tices such as overgrazing of natural vege­
tation of catchments and river banks or 
the removal of natural vegetation in 
favour of the establishment of cash 
crops, are some of the main causes. 

The major part of the research to date 
comprises the autecology of individual 
species, more specifically invertebrate 
and fish species. Knowledge of riparian 
vegetation of SA river systems is very 
limited and mostly inadequate. 

Against the above background the pri­
mary objective of this project is to inves­
tigate the functioning of the Olifants 
River System floristically. In addition it is 
being envisaged to determine the distri­
bution of riparian plant communities in 
relation to the physical environment. The 
third objective is to formulate a manage­
ment plan for each of these different 
riparian communities which will result in 
improved plant cover and species com­
position, as well as control over soil ero­
sion, improved water infiltration and 
reduced silt deposits in order to improve 
water quality. 

Estimated cost: R119 000 
Expected term: 1995- 1 997 

Water quality modelling of 
estuaries 
(No 664) Division of Earth, Marine and Atmospheric 
Science and Technology, CSIR 

The modelling of water quality in estua­
ries was identified as a priority task for 
the management of these estuaries. 
During this project the objectives of estu-
arine water quality modelling will be cla­
rified, and the utility of the Mike II model 
will be assessed by applying it to 3 
selected estuaries. Other models avail­
able internationally will be examined as 
well. Recommendations will be made on 
the development of water quality model­
ling of South African estuaries. 

Estimated cost: 
Expected term: 

R165 500 
1995-1997 

Assessment of the ecological 
impacts of inter-basin transfer 
schemes in dryland environments 
(No 665) Department of Zoology, University of Cape 
Town 

inter-basin transfers (IBTs) are being used 
increasingly world-wide to redistribute 
water from regions of relative plenty to 
regions where it is needed. However, 
knowledge of the ecological impact of 
these schemes is minimal. During this 
project the researchers will collaborate 
nationally and internationally to collate 
existing data, and investigate selected 
IBTs to determine the response of the 
biota to modification of the flow regime 
as well as the impact of the IBTs on 

water quality. Guidelines will be deve­
loped for the management of extant 
schemes which, within the required 
operation of the scheme, will minimise 
the impact of the scheme as far as 
possible. 

Estimated cost: 
Expected term: 

R266 000 
1995-1998 

Survey for potential biological 
control agents for the trouble­
some alga Cladophora glomerata 
(No 669) Plant Protection Research Institute, 
Agricultural Research Council 

Filamentous algae, particularly Clado­
phora glomerata, cause very serious 
problems in certain irrigation schemes. In 
the worst cases canal flow is reduced to 
a fraction of the design flow. Chemical 
control measures obviously have to be 
used with caution to avoid adverse 
effects on crops irrigated. During this 
project the possibility of harnessing bio­
logical control agents specific to the 
algae will be investigated. 

Estimated cost: 
Expected term: 

R115 000 
1995-1997 

Application of an artificial stream 
system to investigate macro-
invertebrate water quality 
tolerances 
(No 686) Department of Zoology, Rhodes University 

Conventional laboratory bioassays usual­
ly use ubiquitous organisms, a technique 
which has certain advantages. However, 
the results cannot be used directly to 
predict the effect of certain compounds 
on endemic aquatic fauna. As South 
Africa has very little natural standing 
water, we need information on fauna 
from running waters. 

The artificial stream system was deve­
loped and calibrated during the previous 
project (No 475), and this project follows 
on with the testing of certain organisms 
from running water. This system will 
enable the researchers to quantify the 
effects of pollutants/toxins on stream 
fauna. 

Investigation into the functioning of the riparian vegetation of the Olifants River. 
Estimated cost: R977 500 
Expected term: 1995-1998 
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Status report on the Kruger 
National Park Rivers Research 
Programme: A synthesis of 
results and assessment of 
progress 
(No 711) Institute for Water Research, Rhodes 
University 

At the beginning of 1994 the Kruger 
National Park Rivers Research Programme 
moved into its second phase. The goals 
of the programme are as follows: 

• To inform researchers, system 
managers and stakeholders about the 
water quality and quantity require­
ments to sustain the natural environ­
ments of rivers which flow through 
the Kruger National Park 

8 To develop, test and refine methods 
for predicting the responses of the 
natural environments of these rivers 
to changing water quality and patterns 
of supply. 

With the programme well into the se­
cond phase, a need was expressed to 
measure how far the programme has 
progressed in meeting its objectives. The 
intention therefore is to examine and 
summarise the information collected 
within the programme up to now, and 
to relate the resulting synthesis to the 
objectives of the programme. This would 
allow stakeholders to judge which objec­
tives have been or are being achieved 
during this phase, which have not been 

achieved, and to decide on additional 
priority objectives that need to be 
addressed during the remainder of the 
second phase. Furthermore, it is required 
to assess how far the information collec­
ted can contribute to the setting of inte­
rim flow requirements, especially as far 
as the Sabie River is concerned. 

Estimated cost: R68 000 
Expected term: 1995 

Water quality and aquatic faunal 
studies in the Umzimvubu 
catchment. Eastern Cape, with 
particular emphasis on species 
as indicators of environmental 
change 
(No 716) Department of Zoology, University of the 
Transkei 

The Umzimvubu is the largest river in 
South Africa which has not been modi­
fied. However, an IBT scheme is being 
planned which will involve the building 
of dams on, and abstraction of water 
from the system. During this project data 
on water quality and the fauna of the 
unmodified river and estuary will be col­
lected and changes in both productivity 
and bio-diversity will be followed as 
development proceeds. 

Estimated cost: 
Expected term: 

R348 000 
1995-1998 

Tadpoles as bio-indicators of 
stream quality 
(No 718) Department of Biochemistry, University 
of the Western Cape 

Tadpoles are very sensitive to deteriora­
tion in environmental quality and there is 
narrative information describing the 
decrease in both the total numbers of 
amphibians as well as amphibian bio­
diversity in a number of areas of the 
country. The research conducted during 
this project will establish the current sta­
tus of amphibians in selected areas of 
the country, will identify which are the 
sensitive species and will begin to deter­
mine tolerances to various heavy metals. 
An identification key will be developed 
during the project. 

Estimated cost: 
Expected term: 

R162 000 
1995-1997 

.? *:_f. 

Effect of inter-basin transfer 
on the hydrochemistry, benthic 
invertebrates and ichthyofauna 
of the Mhlatuze Estuary and 
Lake Nseze 
(No 722) Department of Zoology, University of 
Zululand 

The IBT scheme taking water from 
the Mhlatuze River to Lake Nseze was 
expected to be sufficient to supply water 
to Richards Bay until the turn of the cen­
tury. However, the prolonged drought 
combined with rapid development of the 
area means that the maximum amount 
of water is now being transferred. Cur­
rently very little water is reaching the 
Mhlatuze Estuary. The research conduc­
ted during this project aims to quantify 
the effect of the transfer scheme on 
water quality and biota so that manage­
ment options may be evaluated and pre­
dictions of effects on other schemes may 
be made. 

Estimated cost: R225 000 
Expected term: 1995-1998 

74 

Collecting insects for 
biomonitoring studies. 



Research projects 

Completed 
• KV60/94 Proceedings of the estuaries 

workshop held at Port Alfred on 3 to 4 
November 1992 (Consortium for 
Estuarine Research and Management) 

Current 
• 294 Pre-impoundment study of the 

Sabie-Sand River system, Eastern Trans­
vaal, with special reference to predicted 
impacts on the Kruger National Park 
(University of Cape Town - Freshwater 
Research Unit, and Rhodes University -
Institute for Water Research) 

• 376 Geomorphological response to 
changing flow regimes of the Sabie and 
Letaba River system (University of the 
Witwatersrand - Department of Botany) 

• 406 Structural analysis of the water 
apportionment mechanisms in the Water 
Act 54/1956, in view of the require­
ments of competing user sectors 
(Advocate M Uys) 

• 422 Rapid biological assessment of 
water quality impacts in streams and 
rivers (CSIR - Division of Water 
Technology) 

• 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 Technology) 

• 463 Diversity and productivity of biotic 
communities in relation to freshwater 
inputs in Eastern Cape estuaries 
(University of Port Elizabeth -
Department of Zoology) 

• 474 Developing an integrated approach 
to predicting the water use of riparian 
vegetation (University of the Witwaters­
rand - Department of Botany) 

• 475 Development of a recirculating 
experimental stream system (Rhodes 
University - Institute for Water Research) 

• 497 Geomorphological classification 
system for South African river systems 
(Rhodes University - Department of 
Geography) 

• 503 Effect of soil utilisation on water 
quality of the Gamtoos estuary 
(University of Port Elizabeth -
Department of Oceanography) 

• 505 Environmental status of the Orange 
River mouth as reflected by the fish 
community (University of the OFS -
Department of Zoology and Entomology) 

• 525 Natural and unnatural factors regu­
lating the structure and functioning of 
estuarine systems (University of Natal -
Institute of Natural Resources) 

• 545 Standard laboratory organisms for 
water quality studies (Rhodes University 
- Institute for Water Research) 

• 576 Effects of different magnitude flows 
on riverine ecosystems (University of 
Cape Town - Freshwater Research Unit) 

• 577 Decision-support system for the 
integrated management and conserva­
tion 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) 

• 608 Lethal and sublethal effects of 
metals on fish physiology in the Republic 
of South Africa (Rand Afrikaans 
University - Department of Zoology) 

• 626 Water quality requirements for 
riverine biotas (University of Cape Town 
- Department of Zoology) 

• 627 Integrated modelling system for pre­
dicting the impacts of changes in water 
quantity and quality brought about by 
upstream development (Sigma Beta (CE)) 

• 654 Development of a modelling system 
which will provide a common currency 
for integration of the results and data 
emanating from the Kruger National 
Park Rivers Research Programme 
(KNPRRP) (University of Pretoria -
Department of Landscape Architecture) 

• 655 Establishment of an effective 
information management system for 
the Kruger National Park Rivers Research 
Programme (KNPRRP) (National Parks 
Board in collaboration with the 
University of Natal - Institute of 
Natural Resources) 

New 
• 663 System-related scale study to 

determine the function of the riparian 
vegetation of the Olifants River, Trans­
vaal (Roodeplaat Grassland Institute, 
Agricultural Research Council) 

• 664 Water quality modelling of estuaries 
(CSIR - Earth, Marine and Atmospheric 
Science and Technology) 

• 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 - Department of Zoology) 

• 711 Status report on the Kruger National 
Park Rivers Research Programme : A 
synthesis of results and assessment of 
progress (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) 

• 718 Tadpoles as bio-indicators of stream 
quality (University of the Western Cape -
Department of Biochemistry) 

• 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) 

C O N T A C T P E R S O N S 
• DrSA Mitchell 

(Stream Fauna and Flora and 
Aquatic Ecosystems) 

• Mr HM du Plessis 
(Irrigation Return Flow) 

• Mr HC Chapman 
(Natural Wetlands) 

• Mr DS van der Merwe 
(Facets of the KNP Rivers Research 
Programme) 

• Dr GR Backeberg 
(Resource Economics) 

«fj» (012) 330-0340 

75 



Mine water 

ining remains the single most 
important industry in South Africa. 

The mining sector is very diverse and a 
large number of minerals are being 
mined. Water usage patterns and impact 
on water quality vary tremendously 
throughout the mining sector so that 
there are bound to be exceptions to any 
generalisations that can be made about 
water in mining. None the less, it can be 
stated in general that although mining 
uses relatively little water, it is a signifi­
cant contributor to water pollution. 

Mining activities account for less than 
3% of the national water demand and 
its share on a national basis is expected 
to decrease in future. Although the gold-
mining industry uses large volumes of 
water in its operations it has also done 
much to save water. More than 80% of 
its water use is actually being recycled or 
reused internally. This drastically reduces 
the intake of freshwater. 

Most of the geological formations that 
are mined in South Africa contain 
pyrites, which oxidise to form sulphuric 

acid when exposed to air and humidity. 
Acid mine drainage is thus almost inse­
parably linked to mining activities. Acid 
generated underground in gold and coal 
mines, and above-ground in the various 
waste deposits, is the main cause of 
water pollution originating from mining. 
Additional pollution originates from the 
metallurgical refinement and other bene­
fication activities on mines. The quality 
of underground water seeping into mine 
workings varies geographically. Since 
these "own" sources are used extensive­
ly by mines, its quality largely determines 
the quality of water they ultimately dis­
pose of. 

Mine water discharged from point 
sources directly to surface waters repre­
sents only a small portion of water used 
by mines. Most mine water is lost inad­
vertently by seepage to groundwater, is 
entrained in waste products, or lost to 
evaporation. As indicated above, much 
of the pollution from mines is the result 
of acid mine drainage which is generated 
over time in waste material above and 

below ground. Most of the water pollu­
tion originating from mining is thus of a 
diffuse, or non-point, nature. Because it 
is difficult to measure, control and ma­
nage non-point pollution, such pollution 
received little attention from the regula­
ting authorities. As a result of the 
increased awareness of the importance 
of non-point pollution in general, mining 
pollution is, at present, receiving more 
attention. 

Mines are currently expected to pre­
sent the authorities with an environmen­
tal management programme in which 
they should indicate, among others, 
what the background environmental 
conditions were before the commence­
ment of mining activities and how these 
activities will influence the environment 
during and after completion of the activi­
ties. It also needs to be shown how the 
environmental impact will be managed. 
Our ability to predict these effects quan­
titatively and to indicate the efficacy of 
alleviating measures, is still inadequate 
and requires further research. 
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Completed project 

Catchment water quality deterio­
ration as a result of water-level 
recovery in abandoned gold 
mines on the eastern and central 
Witwatersrand 
(No 486) Institute for Groundwater Studies, 
University of the OFS 

Following closure of mines and the ces­
sation of water pumpage, a steady 
recovery of the water table within a mine 
can be expected. Upon full recovery the 
groundwater within the mine will 
emerge from discharge points such as 
springs and old mine shafts, and seep 
into surface water courses. Since the 
quality of water within gold mines ge­
nerally deteriorates with time, a very real 
danger exists that seepage of mine water 
will cause a deterioration of surface 
water quality to manifest itself some 
time after the closure of a mine. 

The research project investigated the 
mechanisms and rate of water level 
recovery in closed mines, identified dis­
charge points and the volume of water 
that will discharge, identified factors 
affecting the quality of the rising water, 
and predicted the quality of water in the 
flooded mines. Proposals for managing 
the potential impacts will be of benefit 
to both the DWAF and the mining sector. 

New projects 

Prediction techniques and pre-
ventative measures relating to 
the post-operational impact of 
underground mines on the quali­
ty and quantity of groundwater 
resources 
(No 699) Institute for Groundwater Studies, 
University of the OFS, Chamber of Mines of South 
Africa and the DWAF 

The influx of water into an underground 
mine leads to the progressive flooding of 
defunct underground workings and an 
accumulation of inferior quality water. 
Some non-operational mines are com­
pletely flooded and water emerges at the 
surface, impacting on the ground- and 
surface water environments. This project 
will develop a hazard rating for the dif­
ferent types of underground mines and 
mining environments. It will furthermore 
evaluate and document the current 
impact of non-operational underground 
mines on the quantity and quality of 
groundwater resources, evaluate credible 
preventative options to minimise the 
undesirable impacts and select or design 
tools for the prediction of water qualities 
and quantities during the post-opera­
tional phase of mining. 

Estimated cost: 
Expected term: 

R2 102 000 
1995-1998 

Cost-
Term: 

R719 000 
1992-1994 

Pilot-scale development of inte­
grated passive water treatment 
systems for mine effluent 
streams 
(No 700) Pulles, Howard and De Lange, The Cham­
ber of Mines of South Africa, Eskom and Sasol Coal 

Although generally effective, currently 
available effluent treatment technology 
for dealing with mine-water quality 
problems, generally has unacceptably 
high capital and operational costs and 
intensive, ongoing, long-term mainte­
nance requirements. There is, therefore, 
a need to develop low-cost, self-sustain­
ing, low-maintenance passive treatment 
systems to address the water quality 
problems that are generally encountered 
at South African mines. This project will 
develop preliminary management guide­
lines to satisfy this need, evaluate them 
at pilot scale and develop management 
strategies whereby passive treatment sys­
tems can be integrated into the ongoing 
environmental management pro­
grammes of mines. 

Estimated cost: R2 190 600 
(WRC contribution R1 000 000) 
Expected term: 1995-1997 

Below: Line source irrigation of crops with 
neutralised acid mine drainage water. 
Note the decreasing growth as a result of 
reduced water application through a line 
source system. 
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Research projects 

Completed 

• 486 Catchment water quality deterio­
ration as a result of water-level recovery 
in abandoned gold mines on the eas­
tern and central Witwatersrand (Insti­
tute for Ground-water Studies, Univer­
sity of the OFS) 

Current 
8 413 Use of vegetation in the ameliora­

tion of the impact of mining on water 
quality - An assessment of species and 
water use (CSIR - Division of Forest 
Science and Technology) 

• 454 Occurrence of bacteria causing 
acid mine drainage in the outer layers 
of coal waste dumps (University of 
Stellenbosch - Department of 
Microbiology) 

• 471 Optimisation of mine service water 
disinfection (University of Pretoria -
Department of Chemical and Environ­
mental Engineering, Division of Water 
Utilisation) 

• 477 Guidelines and procedures to 
assess and ameliorate the impact of 
gold-mining operations on the water 
environment (CSIR - Division of Mining 
Technology) 

8 527 Survey of current water manage­
ment and treatment practices in the 
South African gold and coal mining 
industries (Chamber of Mines of South 
Africa) 

0 528 Development of an integrated and 
generic water quality simulation model 
for open-cast coal mining water circuits 
(Wates, Meiring and Barnard (CE) Inc.) 

• 559 Prediction of pollution loads from 
coarse sulphide-containing rock 
materials (SRK(CE) Inc.) 

• 575 Calibration of models for the 
design of covers for open-cast mine 
and waste dump rehabilitation (Wates, 
Meiring and Barnard (CE) Inc.) 

• 582 Screening of crop, pasture and 
wetland species for tolerance of pollu­
ted water originating in coal mines 
(University of Pretoria - Department 
of Plant and Soil Science) 

• 609 Underground neutralisation of 
mine water with limestone (CSIR -
Division for Water Technology) 

• 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 Earth, Marine and Atmospheric 
Science and Technology) 

New 

C O N T A C T P E R S O N S 
• Mr HM du Plessis , 

(Impact Studies and Mitigation of 
Effects) 

• Dr TC Erasmus 
(Acid Mine Water) 

• Mr AG Reynders 
(Groundwater Pollution) 

f f (012) 330-0340 

• 699 Prediction techniques and preven-
tative measures relating to the post-
operational impact of underground 
mines on the quality and quantity of 
groundwater resources (Institute for 
Groundwater Studies, University of the 
OFS, Chamber of Mines of South Africa 
and the DWAF) 

• 700 Pilot-scale development of inte­
grated passive water treatment systems 
for mine effluent streams (Pulles, 
Howard and De Lange, The Chamber of 
Mines of South Africa, Eskom and Sasol 
Coal) 
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As can be seen from the title of this 
chapter, it was created to make pro­

vision for those research projects which 
cannot readily or logically be accommo­
dated in the other chapters. Previously 
the nature of the projects reported on in 
this chapter prominently reflected geo­
logical and/or hydraulic aspects. During 
1995 two new projects were, however, 
added to the list - one in which geology 
does not figure at all, while the other 
project concentrates exclusively on infor­
mation technology. 

None of the research projects in this 
chapter was completed during the year 
under review. The progress and results of 
one of the current projects (No 502: 
Plunge pool scour reproduction in 
hydraulic models) were promising to 
such a degree that the WRC has decided 

to extend the term of the project up to 
31 December 1996 and to make addi­
tional funds available for its execution. A 
wide range of materials has already been 
tested for use in hydraulic models in 
order to simulate rock in the plunge 
pool. The results obtained thus far have 
indicated that the material best suited to 
hydraulic models is a cohesive material 
capable of simulating the steep walls of 
actual plunge pool scouring. One of the 
materials (a mixture of lime, cement and 
coke nuts) yielded such excellent results 
that it is regarded as the ideal material 
for hydraulic models, if the disadvan­
tages of the mixture (such as relatively 
long setting time) can be reduced or 
overcome. It is precisely with this in mind 
that the project term has been extended. 

New projects 

Removal of floating and sus­
pended materials from streams 
(No 691) Department of Civil Engineering, 
University of Stellenbosch 

Informal urbanisation of river catchments 
and poor control of littering result in vast 
amounts of trash entering watercourses. 
This form of pollution becomes unac­
ceptable from an environmental point of 
view where these watercourses discharge 
into open canals, natural rivers, vleis or 
beaches. 

Several local authorities in South Africa 
have in the recent past attempted to 
design cost-effective, low maintenance 
trash-removal devices. For inter alia the 
following reasons these designs have 
failed to be generally acceptable: 

These devices still require constant 
attention, especially during periods of 
high flow. 
Significant level differences are 
required between the upstream and 
downstream sides of the trash-collec­
ting structure 
Very often the structure perse is large, 
aesthetically undesirable and expen­
sive. 

nv?WflWJ 

This project not only addresses the pro­
blem of trash removal, but also intends 
to investigate sediment removal, espe­
cially as far as pumping stations and 
diversion structures are concerned. The 
intention is to thoroughly analyse the 
designs for trash and sediment removal 
currently available, and to investigate the 
various possibilities to improve the per­
formance of these designs in order to 
provide local authorities with design cri­
teria to eliminate or at least reduce a 
problem that has far-reaching environ­
mental and aesthetic impacts. 

Estimated cost: R360 000 
Expected term: 1995-1997 

Trash racks for the removal of floating and suspended materials. 
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Pilot study to develop an 
information system to improve 
the accessibility and usability of 
research results and reports, 
through the application of 
information technology 
(No 703) Division of Information Services, CSIR 

Amongst the major products emanating 
from projects funded by the WRC are 
reports, technology transfer documents 
and research papers. The information 
contained within these documents is not 
always easily accessible to, or in a format 
required by, decision-makers and 
researchers. This is especially the case 
where informed decisions have to be 
made at short notice. With the increased 
emphasis in the RDP on the accessibility 
of information, the need to make rele­
vant information available to communi­
ties in an appropriate form, is crucial. 

Developments in the information tech­
nology field are providing many opportu­
nities to more easily and efficiently dis­
tribute and access information 
emanating from research projects. This 
information is the key to technology 
transfer. In this study it is proposed that 
information should be available electro­
nically in a hypermedia environment 
which will allow the linking between arti­
cles and reports through the use of key­
words, via computer networks. 

Research projects 

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 
for Earth, Marine and Atmospheric 
Science and Technology) 

• 579 Hydraulic roughness of tunnels 
bored by machine through various 
rock-types (University of Natal -
Department of Civil Engineering) 

N e w 

• 691 Removal of floating and sus­
pended materials from streams 
(University of Stellenbosch -
Department of Civil Engineering) 

• 703 Pilot study to develop an 
information system to improve the 
accessibility and usability of research 
results and reports, through the 
application of information tech­
nology (CSIR - Division of 
Information Services) 

C O N T A C T P E R S O N S 

* Mr DS van der Merwe 
(Hydraulics) 

• Mr AG Reynders 
(Information Technology) 

«ff (012)330-0340 

Estimated cost: 
Expected term: 

R115 000 
1995 
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South African Water 
Information Centre (SAWIC) 

The South African Water Information 
Centre (SAWIC) is now in its 21st year 

of existence. During this period its main 
task has been the development of a 
bibliographic database, WATERLIT, to 
serve the needs of the South African 
water community - a task in which 
SAWIC has managed to achieve great 
success, gaining international recogni­
tion. Changes in South Africa as a whole 
have also had an effect on the activities 
of SAWIC. The Centre is now facing the 
challenge of serving the needs and 
demands for water information of a 
much broader community and is pur­
suing several new and exciting opportu­
nities. 

With the growing participation of rural 
and developing communities in issues 
that may influence their daily existence, a 
whole new group of potential users of 
water-related information has emerged. 
Although SAWIC has had very little expe­
rience in the supply of relevant informa­
tion to those communities in the past, 
the organisation now has the opportuni­
ty to become involved in a major project 
where appropriate water-related infor­
mation has to be made available to com­
munity leaders. 

The Institute of Water Supply and 
Sanitation (IWSS) was recently estab­
lished at the University of the North with 
the aim of training the community lea­
ders in all aspects of water supply and 
sanitation, and providing them with sui­
table material for the training of the peo­
ple living in their community. SAWIC will 
assist the IWSS in the development of 
the course content and to retrieve and 
evaluate available training materials from 
all over the world for this course. To be 
able to identify suitable training materials 
for the presentation of the IWSS courses, 
it has become necessary to expand the 
coverage of the WATERLIT database by 
adding educational and other training 
material to the database. A structure to 
accommodate this type of information 
has been designed and will now be tes­
ted and evaluated. 

This past year has seen considerable 
effort being directed toward the building 
of 2 new databases, namely a water-
related research projects database 
and a database on water-related 

information sources. 
SAWIC has experimented with a 

new concept to market its products 
and services by way of holding open 
days in different centres in South Africa. 
Announcements of the open days 
appeared in the press and in all 3 cases, 
great interest was shown and an encou­
raging number of people attended the 
sessions. Attendees were introduced to 
SAWIC's activities and all 3 databases 
were demonstrated to them. 

The past year has seen a tremendous 
growth in the interest and awareness of 
the Internet. Many people have realised 
the power of this vast communication 
tool, and SAWIC has approached the 
CSIR's Worldnet Africa (WNA) system to 
have a description of its activities dis­
played in the ENVIRONMENTAL HUB on 
WNA. Subscribers to WNA now have the 
opportunity to conduct their own search­
es on WATERLIT and the other SAWIC 
databases through WNA. 

The "new" South Africa offers huge 
challenges to SAWIC to become actively 
involved in supplying water-related infor­
mation to a whole new group of users. A 
great number of information resources 
which have been previously inaccessible 
to South Africans have now opened up, 
and SAWIC will have to exploit those 
sources to the best of its ability. There is 
no doubt that information about one of 
the country's most important strategic 
resources will become of critical value in 
the future, and SAWIC is confident that 
it will be able to meet the needs and 
demands for such information. 

Computing Centre for 
Water Research (CCWR) 

The mission of the CCWR is to support 
collaboration and the dissemination 

of knowledge, data and information 
amongst researchers and practitioners 
through advanced computing and com­
munication technology in order to 
enhance water resources management. 

The number of users of the CCWR, 
both in terms of registered users and 
daily log-ins, is increasing steadily. At the 
end of September 1995 the total regis­
tered number of users stood at 334. This 
not only represents users from the hydro-
logical community in South Africa but 

also from outside our country. 
The user profile of the CCWR can be 

illustrated by the following figures, based 
on user's fields of interest: 

NO OF USERS 
Agrohydrology 13 
Chemical and salinity 40 
Climate change 15 
Climatology 32 
Crop yield 13 
Ecology 23 
Economics 5 
Forestry 13 
Floods 2 
GIS 27 
Groundwater 15 
Hydrology 58 
Irrigation 9 
Limnology 20 
Soil 12 
Treatment 15 
Urban hydrology 8 
Water consumption 5 
Wetlands 15 

In an era where integrated water 
resource management is being encou­
raged, it is somewhat disheartening to 
find that many of the required sciences 
are still practised in a fragmented 
fashion. 

Productivity of a research community 
is difficult to measure but if collaboration 
between different scientific disciplines 
and with practitioners can be improved, 
the efficiency of the total effort will no 
doubt increase tremendously. Not only 
will there be improvement in the quality 
of science being practised but it will 
most likely become better focused on 
the real needs of our society. 

There is no doubt that at a time when 
the demand for information and com­
munication is increasing rapidly, the 
CCWR can build on its experience and 
provide the service a multi-disciplinary 
research community needs. This 
demands that the CCWR maintain a 
high standard of technology and staff. 

81 



Transfer of information and technology 

The 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 pro­
mote 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 activi­
ties. Although some of these activities 
are directed at the transfer of informa­
tion, the emphasis falls mainly on tech­
nology transfer, i.e. the application of 
research results, since this will always 
represent the final dividend of the 
research investment. 

Partnership research 

Partnership research is regarded as a very 
effective method of enhancing technolo­
gy 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 scien­
tific and practical scientific. 

Water 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 enginee­
ring. The journal appears quarterly and 
the first edition was launched in April 
1975. 

Water SA has a strict refereeing system 
whereby all articles submitted for publi­
cation are first referred to referees, 
whereafter a decision is taken on publi­
cation. 

Water SA has an extensive local as 
well as overseas readership. It also enjoys 
world-wide coverage in the sense that it 
is covered by more than 20 international 
abstracting services who publish and dis­
tribute summaries of articles which 
appear in Water SA. 

SA Waterbulletin 

SA Waterbulletin is a bilingual bi-month­
ly 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 authorities and individuals, 
such as researchers, engineers, techni­
cians, government departments, local 
authorities and the industrial and agri­
cultural sectors 

s Convey social news and matters of 
interest (e.g. about conferences and 
personalities) to the water research 
community. 

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 appli­
cation thereof. More information on 
these publications appears in the rele­
vant chapters and in the Annexure. 

List of Commission publications 

Conferences, seminars, work­
shops and demonstrations 

From time to time the WRC, on its own 
or in co-operation with other organisa­
tions, arranges such meetings. These 
afford ideal opportunities for promoting 
personal contact between research scien­
tists or between research scientists and 
the users of research results. In this way 
the transfer of information and technolo­
gy is greatly enhanced. More information 
on meetings held during the year is con­
tained in the individual chapters. 

Mass media 

In this regard the accent falls on informa­
tion transfer, and press releases; radio 
and television are used to this end. 

Utilisation of overseas 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. 

Commercialisation 

In the future the WRC will focus increas­
ingly on a further aspect of technology 
transfer, which is in progress already, viz. 
the commercialisation of research results 
by e.g. the private sector. The patenting 
of research results and the sale of publi­
cations and computer programs would 
be classified as such. In this way the 
WRC earns royalties, locally as well as 
abroad. The Annexure to this annual report 

contains a list of publications (articles, 
papers and published reports) which 
appeared during 1995 and which 
emanated from research supported 
wholly or in part by the WRC. 
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Publications emanating from research financed wholly or partially by the WRC. 

This Annexure contains a list of publications released in 1995, as well as a complementary list of 1994. 
Requests for publications should be directed, as far as possible, to the authors. 

Developing communities 

Articles and papers (1995) 

• Richards WN (1995) A planning and reporting aid for sanitation 
development and delivery. Poster presentation at the IAIA'95 Conf., 
Durban. 

Reports (1995) 

° Jacobs EP (1995) Mon Villa Rural Watercare Project. WRC Report No. 
KV 79/95. 

• Kent Measurement (Pty) Ltd (1995) Development of a Plastics Bodied 
Water Meter for Use in South Africa. WRC Report No. KV 78/95. 

• Palmer Development Group (1995) Rural Sanitation Review. WRC 
Report No. KV 71/95. 

• Palmer Development Group (1995) Water and Sanitation Handbook 
for Community Leaders. WRC Report No. TT 68/95. 

• Palmer I (1995) Evaluation of Water Supply to Developing Urban 
Communities. WRC Report No. KV 73/95. 

Reports (1994) 

• Oellerman RG, Darroch MAG, Klug JR and Kotze DC (1994) Wetlands 
Preservation Valuation and Management Practices Applied to 
Wetlands: South African Case Studies. WRC Report No. 501/5/94. 

• Palmer Development Group (1994) Water and Sanitation in Urban 
Areas: Survey of On-site Conditions. WRC Report No. 561/1/94. 

• Simes CE, Lings RJ and Tshivhase T(1994) Prepayment Water 
Metering for South Africa. WRC Report No. KV 56/94. 

Drinking water 

Articles and papers (1995) 

• Botha CJ and Buckley CA (1995) Disinfection of potable water - The 
role of hydrodynamic cavitation. The Rev. J. of the Int. Water Supply 
Assoc. 13(2). 

• Dickens CWS and Graham PM (1995) The rupture of algae during 
abstraction from a reservoir and the effects on water quality. J. Water 
Supply Res. and Techno). AQUA 44 (1) 29-37. 

• Graham PM (1995) Modelling algae/environment relationships in the 
Inanda Dam, KwaZulu-Natal. Paper presented at 1995 World Conf. 
on Natural Resource Modelling, University of Natal, Pietermaritzburg. 

• Janse van Vuuren S and Pieterse AJH (1995) Environmental variables, 
abundance and seasonal succession of phytoplankton populations in 
the Vaal River. Paper presented at Joint Conf., SA Assoc. of Botanists 
and the Phycol. Soc. of South. Afr., Bloemfontein. 

Jordaan R and Pieterse AJH (1995) Algal species penetrating different 
unit processes at the Balkfontein purification plant. Paper presented 
at Joint Conf., SA Assoc. of Botanists and the Phycol. Soc. of South. 
Afr., Bloemfontein. 

Offringa G (1995) Dissolved air flotation in Southern Africa. Water 
Sci. Technol. 31 (3-4) 159-172. 

Pieterse AJH (1995) Long-term changes in phytoplankton biomass 
and environmental variables in the Loch Vaal. Paper presented at 
Joint Conf., SA Assoc. of Botanists and the Phycol. Soc. of South. 
Afr., Bloemfontein. 

Pretorius CJ, Viljoen MF, Van der Merwe RB en Van Niekerk IE (1995) 
Projektering van waterbehoeftes in stedelike gebiede (Deel 1): 
Metodologiese oorsig. Water SA 21 (1) 15-20. 

Roos JC and Pieterse AJH (1995) Nutrients, dissolved gases and pH in 
the Vaal River at Balkfontein, South Africa. Arch. Hydrobiol. 133 173-
196. 

Roos JC and Pieterse AJH (1995) Salinity and dissolved substances in 
the Vaal River at Balkfontein, South Africa. Hydrobiol. 306 41-51. 

Steynberg MC, Guglielmi MM and Geldenhuys JC (1995) Pre-
oxidation with chlorine and chlorine dioxide as a unit process to assist 
with algal removal at potable water plants. Chem. Technol. Jan/Feb. 

Steynberg MC, Pieterse AJH and Geldenhuys JC (1995) Improved 
coagulation and filtration of algae as a result of morphological and 
behavioral changes due to pre-oxidation. Paper presented at IAWQ-
IWSA Workshop on Separation of Microorganisms from Water and 
Waste Water, Amsterdam, The Netherlands. 30 October to 
1 November. 

Steynberg MC, Pieterse AJH and Geldenhuys JC (1995) The effect of 
the relationship between pre-oxidation, unit treatment processes and 
morphological characteristics of algae on potable water production 
using eutrophic water. Paper presented at 20th Congr. of the Int. 
Water Supply Assoc, Durban, South Africa. 9 to 15 September. 

Swanepoel A and Pieterse AJH (1995) Growth characteristics and 
pigment composition of two Chlamydomonas species in different 
growth media. Paper presented at Joint Conf., SA Assoc. of Botanists 
and the Phycol. Soc. of South. Afr., Bloemfontein. 

Traut DF and Pieterse AJH (1995) Coagulation and sedimentation of 
water from the Vaal River. Paper presented at Joint Conf., SA Assoc. 
of Botanists and the Phycol. Soc. of South. Afr., Bloemfontein. 

Viljoen MF en Pretorius CJ (1995) Projektering van waterbehoeftes in 
stedelike gebiede (Deel 2): 'n Ex post analise van die akkuraatheid 
van verskillende produksiemetodes. Water SA 21 (1) 21-26. 

Van Niekerk IE, Viljoen MF, Pretorius CJ en Van der Merwe RB (1995) 
Projektering van waterbehoeftes in stedelike gebiede (Deel 3): Die 
meervoudige regressiemodel as makro-projeksiemodel. Water SA 21 
(1)27-36. 
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Articles and papers (1994) Theses 

• Graham PM (1994) Algal rupture. Paper presented at WISA Water 
Scientists Inaugural Meeting of the KwaZulu-Natal branch, 
Pietermaritzburg. 7 October. 

• Pieterse AJH (1994) Morphological and taxonomical aspect of 
phytoplankton populations in the Vaal River I: Species composition 
and general features. Proc. 13th Congr. of the Assoc. pour I'Etude 
Taxonomique de la Flore d'Afrique Tropicale, Zomba, Malawi. Vol. 2 
825-839. 

• Pieterse AJH and Pienaar C (1994) Morphological and taxonomical 
aspect of phytoplankton populations in the Vaal River II: External 
characteristics of centric diatoms. Proc. 13th Congr. of the Assoc 
pour I'Etude Taxonomique de la Flore d'Afrique Tropicale, Zomba, 
Malawi. Vol. 2 841-847. 

• Pieterse AJH and Theron S (1994) Morphological and taxonomical 
aspect of phytoplankton populations in the Vaal River. II. External 
characteristics of centric diatoms. Proc. 13th Congr. of the Assoc. 
pour I'Etude Taxonomique de la Flore d'Afrique Tropicale, Zomba, 
Malawi. Vol. 2 855-860. 

• Roos JC and Pieterse AJH (1994) Light, temperature and flow regimes 
of the Vaal River at Balkfontein, South Africa. Hydrobiol. 277 1 -15. 

Reports (1995) 

• Boucher PS and Van Eeden JJ (1995) Investigation of Inorganic 
Materials Derived from Water Purification Processes for Ceramic 
Applications. WRC Report No. 538/1/95. 

8 Du Plessis JP (1995) Modelling of Flow Phenomena in Porous Media. 
WRC Report No. 585/1/95. 

• Genthe B and Du Preez M (1995) Evaluation of Rapid Methods for 
the Detection of Indicator Organisms in Drinking Water. WRC Report 
No. 610/1/95. 

• Genthe B and Kfir R (1995) Studies on Microbiological Drinking 
Water Quality Guidelines. WRC Report No. 469/1/95. 

• Gericke M, Bateman B, Rapholo F, Mashakana J, Maharaj V, Hilner 
CA and Kfir R (1995) Occurrence of Protozoan Parasites in South 
African Source and Treated Water. WRC Report No. 451/1/95. 

• Nell JH and Kafaar A (1995) The Evaluation and Improvement of the 
Anaerobic Digestion Ultrafiltration (ADUF) Effluent Treatment 
Process. WRC Report No. 365/1/95. 

• Rykaart EM en Haarhoff J (1995) Die Verfyning van Inspuitnossels vir 
Opgelostelugflottasie. WNK Verslagno. 448/1/95. 

• Steynberg MC, Kok M, Chale B, Grundlingh JA, Joubert JHB and 
Geldenhuys JC (1995) The Removal of Invertebrates by Sand Filtration 
and the Influence thereof on Water Quality. WRC Report No. 76/95. 

Reports (1994) 

• Dickens CWS (1994) The Rupture of Algae During Abstraction from 
Reservoirs. WRC Project No. KV 67/94. 

• Bezuidenhout E (1995) Evaluasie van Volskaalse Geaktiveerde 
Slykverdikking met Opgelostelugflottasie. M.Eng. Verhandeling, 
Randse Afrikaanse Univ. 

• Steynberg MC (1995) Pre-oxidation: A Unit Process to Limit Algal-
related Water Quality and Purification Problems. Ph.D. Thesis, Univ. 
of the Orange Free State. 

8 Van Beek JC (1994) Optimization of Combined Flotation and 
Filtration at a Large Water Treatment Plant. M.Eng. Thesis (Cum 
laude), Rand Afrikaans Univ. 

Municipal effluents 

Articles and papers (1995) 

• Brozel VS and Cloete TE (1995) The antibacterial mechanism of 
action of thiocarbamates. Int. Biodeterior. and Biodegr. Section IV 
108-113. 

• Brozel VS, Hall A and De Bruyn R (1995) Effect of microbial flora in 
low-grade coal on the corrosion of 3CR12 steel. Int. Biodeterior. and 
Biodegr. Section XIII 494-499. 

• Brozel VS, Pietersen B and Cloete TE (1995) Resistance of bacterial 
cultures to non-oxidising water treatment bactericides by adaptation. 
Water Sci. Technol. 31 (5-6) 169-175. 

• Brozel VS, Strydom GM and Cloete TE (1995) A method for the study 
of De Novo protein synthesis in Pseudomonas aeruginosa after 
attachment. Biofouling 8 195-201. 

• Cloete TE and De Bruyn EE (1995) The dominant sulphide producing 
bacteria in SA cooling water systems. Int. Biodeterior. and Biodegr. 
Section XIII 507-513. 

• De Bruyn EE and Cloete TE (1995) The role of Shewanella 
putrefaciens as a corrosion causing bacteria. Int. Biodeterior. and 
Biodegr. Section XIII 535-542. 

• Muyima O and Cloete TE (1995) Growth and phosphate uptake of 
immobilized Atinetobacter cells in activated sludge mixed liquor. 
Water Res. 29 (11) 2461-2466. 

« Muyima NYO and Cloete TE (1995) Immobilisation of Acinetobacter 
johnsonni cells within alginate beads. Water SA 21 (3) 239-244. 

• Muyima NYO and Cloete TE (1995) Phosphate uptake in immobilized 
Acinetobacter calcoaceticus cells in a full-scale activated sludge plant. 
Foodoflnd. Microbiol. 15 19-24. 

0 Pearce K (1995) Bioremediation of petroleum contaminated soil. 
Proc. Int. In Situ and On-Site Bioreclamation Symp., San Diego, 
California. April. 

• Pietersen B, Brozel VS and Cloete TE (1995) The reaction of bacterial 
cultures to oxidising water treatment biocides. Water SA 21 (2) 
173-176. 
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Reports (1995) Reports (1995) 

« Kerr CA (1995) Technology Transfer of Aquatic Chemical Speciation 
Modelling. WRC Report No. 530/1/95. 

• Oellermann RA and Pearce K (1995) Bioaugmentation Technology for 
Waste-water Treatment in South Africa. WRC Report No. 429/1/95. 

• Pearce K, Snyman H, Van Heerden H, Greben H and Oellermann RA 
(1995) Bioremediaiton Technology for the Treatment of 
Contaminated Soil in South Africa. WRC Report No. 543/1/95. 

« Smollen M and Kafaar A (1995) Development of Electro-osmotic 
Sludge Dewatering Technology. WRC Report No. 427/1/95. 

Reports (1994) 

• Ernst EA (1994) Occupational Competencies for the Occupation of 
Watercare Operator and Watercare Manager. WRC Report No. KV 
55/94. 

Water pollution 

Articles and papers (1995) 

<> Cloot A, Schoombie SW, Roos JC and Pieterse AJH (1995) A note on 
the modelling of the algal blooms in the Vaal River: The silicon effect. 
Water SA 21 (3)251-257. 

• De Wet CME, Steynberg MC, Venter SN, Du Plessis G, Hohls D, 
Roddda N and Kfir R (1995) In situ membrane diffusion chamber 
studies - A possible support system for the management of microbial 
water quality. Paper presented at the IAWQ Conf. on River Basin 
Management for Sustainable Development, Kruger National Park. 14-
19 May. 

• De Wet CME, Venter SN, Rodda N, Kfir R, Steynberg MC, Hohls D 
and Du Plessis G (1995) A survival study of Escherichia coli in a South 
African river using membrane diffusion chambers. Water Sci. 
Technol.31 185-188. 

• Hohls D, Du Plessis G, Venter SN, Steynberg MC, De Wet CME, 
Rodda N and Kfir R (1995) Estimation of the fate of microbial water 
quality contaminants in a South African river. Water Sci. Technol. 31 
271-274. 

• Hunter CH, Senior E, Howard JR and Bailey, IW (1995) A multi-stage 
laboratory model for determining the impacts of anthropogenic 
substances on a microbial association found in aquatic ecosystems. 
Water SA 21 271-274. 

• Johnston MA (1995) Measurement of soil salinity using the four 
electrode probe. In: Proc. South. Air. Irrig. Symp., Durban. 4-6 June. 
70-73. 

• Steynberg MS, Venter SN, De Wet CME, Du Plessis G, Hohls D, 
Rodda N and Kfir R (1995) Management of microbial water quality: 
New perspectives for developing areas. Paper presented at the IAWQ 
Conf. on River Basin Management for Sustainable Development, 
Kruger National Park. 14-19 May. 

• Wessels WPJ, Steyn WH and Moolman JH (1995) Automatic micro-
irrigation and salt injection system for research and commercial 
applications. In: Micro-irrigation for a Changing World: Conserving 
Resources/Preserving the Environment. Proc. 5th Int. Micro-irrigation 
Congr., Orlando, Florida, USA. 2-6 April. 116-122. 

• Kirchner JOG (1995) Investigation into the Contribution of 
Groundwater to the Salt Load of the Breede River, Using Natural 
Isotopes and Chemical Tracers. WRC Report No. 344/1/95. 

8 Lesch W (1995) The Development of Guidelines for the Design of 
Streamwater Quality Monitoring Strategies in the Forestry Industry. 
WRC Report No. 524/1/95. 

• Wolff-Piggott B (1995) Demonstrating the Potential of GIS 
Technology in Hydrosalinity Modelling through Interfacing the DISA 
Model and a GIS. WRC Report No. 588/1/95. 

Reports (1994) 

• Bain CAR, Schoonbee HJ, De Wet LPD and Hancke JJ (1995) 
Investigations into the Concentration Ratios of Selected 
Radionuclides in Aquatic Ecosystems effected by Mine Drainage 
Effluents with Reference to the Study of Potential Pathways to Man. 
WRC Report No. 313/1/94. 

Theses 

• Hunter CH (1995) Development of a Laboratory River Model to 
Determine Environmental Impacts of Key Xenobiotic Compounds. 
M.Sc. Thesis, Univ. of Natal. 

• Pillay M (1995) Detergent Phosphorus in South Africa: Impact on 
Eutrophication with Specific Reference to the Umgeni Catchment. 
M.Sc.(Eng) Thesis, Univ. of Natal. 

• Venter A (1995) Assessment of the Effects of Gold Mine Effluents on 
the Natural Aquatic Environment. Ph.D. Thesis, Rand Afrikaans Univ. 

• Wolff-Piggott B (1994) Coupling Geographical Information Systems 
and Catchment Hydrological Models. M.Sc. Thesis, Univ. of 
Stellenbosch. 

Groundwater 
Articles and papers (1995) 

• Botha LJ, Bredenkamp DB, Zietsman IMC and Nienaber A (1995) Use 
of the cumulative rainfall departures method to evaluate and manage 
groundwater resources. Paper presented at Groundwater '95, 
Midrand. September. 

• Bredenkamp DB (1995) An overview of quantitative estimation of 
groundwater recharge and aquifer storativity. Paper presented at 
Groundwater '95, Midrand. September. 

• McCaffrey LP, Willis JP and Watkins RT (1995) Distribution and cause 
of high-fluoride groundwater, western Bushveld, South Africa. Paper 
presented at Groundwater '95, Midrand. September. 

• Meyer R and Wedepohl E (1995) Application of radiowave 
tomography in characterizing fractured aquifers. Paper presented at 
Groundwater '95, Midrand. September. 

• Parsons R (1995) Recharge - A basis for examining leachate 
production at waste sites. Paper presented at Groundwater '95, 
Midrand. September. 
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• Pietersen K, Talma AS and Weaver JMC (1995) Hydrogeochemical 
study of the Agter-Witzenberg Valley aquifers, Western Cape. Paper 
presented at Groundwater '95, Midrand. September. 

• Van der Voort I, Vivier JJP and Botha JF (1995) Three-dimensional 
modelling of Karoo aquifers. Paper presented at Groundwater '95, 
Midrand. September. 

- Verhagen B Th and Butler M (1995) Urban isotope geohydrology. 
Paper presented at Groundwater '95, Midrand. September. 

• Verwey JP, Kinzelbach W and Van Tonder GJ (1995) Interpretations 
of pumping test data from fractured porous aquifers with a 
numerical model. Paper presented at Groundwater '95, Midrand. 
September. 

• Vivier JJP, Van der Voort I and Botha JF (1995) Fractures and the 
geohydrology of Karoo aquifers. Paper presented at Groundwater 
'95, Midrand. September. 

Reports (1995) 

• Bredenkamp DB, Botha LJ, Van Tonder GJ and Van Rensburg HJ 
(1995) Manual on Quantitative Estimation of Groundwater Recharge 
and Aquifer Storativity. WRC Report No. TT 73/95. 

• Buys J, Van Tonder GJ and Botha JF (1995) Conversion of the 
Software Packages TRICON and BAYES from Personal Computers to 
Machines Using the UNIX Operating System. WRC Report No. 
566/1/95. 

• Haupt CJ (1995) Explanation of the 1:500 000 Hydrogeological Map 
2326 Pietersburg. WRC Report No. TT 75/95. 

• Scott R (1995) Flooding of Central and East Rand Gold Mines: An 
Investigation into Control over the Inflow Rate, Water Quality and 
the Predicted Impacts of Flooded Mines. WRC Report No. 486/1/95. 

• Vegter JR (1995) Explanation of a Set of National Groundwater 
Maps. WRC Report No. TT 74/95. 

Reports (1994) 

" Parsons R (1994) A Review of Approaches and Methodologies for 
Determining Leachate Generation at Waste Disposal Sites and 
Groundwater Recharge. WRC Report No. 564/1/94. 

Agricultural water utilisation 

Articles and papers (1995) 

• Anderson JJ, Koster IA and Hensley M (1995) Evaluation of the 
CERES-Maize model on the Bethal/Hutton and Bethal/Avalon 
ecotopes. Paper presented at the Combined Conf. of the SASCP, 
SSSSA, SAWSS, SASHS and SAPBA, Stellenbosch. January. 

• Annandale JG and Campbell GS (1995) A three-dimensional soil 
water balance model for simulating the effect of soil type on micro-
irrigation uniformity. Paper presented at the Combined Conf. of the 
SASCP, SSSSA, SAWSS, SASHS and SAPBA, Stellenbosch. January. 

• Annandale JG and Campbell GS (1995) Modelling the soil water 
balance under micro-irrigation. Proc. 5th Int. Micro-irrig. Conf., 
Orlando, USA. 840-850. 

• Annandale JG, Benade N and Campbell GS (1995) SWB: A user 
friendly irrigation scheduling model. Paper presented at Combined 
Conf. of SASCP, SSSSA, SAWSS, SAHS and SAPBA, Stellenbosch. 
January. 

• Backeberg GR (1995) Die invloed van veranderende waterbeleid op 
produsente in besproeiingslandbou. Referaat gelewer by Simp, van 
die Piesangkwekersvereniging van S.-Afr., Nelspruit. 11 Oktober. 

• Backeberg GR (1995) Some aspects of sustainable management of 
water resources in agriculture. Discussion paper, Water Law Legal 
Grouping, Land and Agriculture Policy Centre, Johannesburg. 

• Backeberg GR (1995) Towards a market in water rights: A pragmatic 
institutional economic approach. Discussion paper, Water Law Legal 
Grouping, Land and Agriculture Policy Centre, Johannesburg. 

• Backeberg GR and Groenewald JA (1995) Lessons from the economic 
history of irrigation development for smallholder settlement in South 
Africa. Agrekon 34 (4). 

• Bennie ATP (1995) Sound water management concepts and their 
application at farm level. Proc. 5. Afr. Irrig. Symp., Durban. 287-294. 

• Bennie ATP, Hoffman JE and Coetzee MJ (1995) A critical evaluation 
of stubble mulching as a conservation tillage practice in semi-arid 
Southern Africa. Paper presented at the 2nd Crop Sci. Conf. for East. 
and South. Afr., Blantyre, Malawi. 

• Bennie ATP, Hoffman JE and Coetzee MJ (1995) Sustainable crop 
production on aeolian sandy semi-arid soils in Southern Africa. Afr. 
Crop Sci. J. 3(1). 

• Breytenbach P, Meiring JA en Oosthuizen LK (1995) Die ontwikkeling 
en illustrering van 'n kosteberekeningsprosedure vir sleeplyn-
besproeiingstelsels. Landbou-ingenieurswese in S.-Afr. 27 (1) 1-9. 

• Breytenbach P, Meiring JA en Oosthuizen LK (1995) Die formulering 
en ekonomiese evaluering van energiebestuurstrategiee vir 
besproeiingsboerdery. Landbou-ingenieurswese in S.-Afr. 27 (1) 
10-22. 

• Chutter FM, Palmer RW and Walmsley JJ (1995) Orange River re-
planning study: The Orange River Valley. Overview of the Natural 
Environment. Report prepared for BKS Inc. and submitted to the 
Directorate of Project Planning, Department of Water Affairs and 
Forestry. 135 pp. 

• Coetzee CB, Casey NH and Meyer JA (1994) Fluoride tolerance in 
broilers and layers. Proc. 13th Sci. Day of the South. Afr. Branch of 
the World Poultry Sci. Assoc, Pretoria. 

• Coetzee CB (1995) Fluoride tolerance in broilers and layers. Poultry 
Bulletin April. 

• De Clercq WP, Moolman JH and Meiri A (1995) Estimating the leaf 
area index of trelised Vitis vinifera L (cv. Colombar) with a sunfleck 
ceptometer. Paper presented at the Joint Congr., Challenges for 
Agric. in the 21st Century, Stellenbosch. 24-26 January. 

• De Jager JM (1995) Water use efficiency, radiation use efficiency and 
wheat crop growth. Paper presented at the Combined Conf. of the 
SASCP, SSSSA, SAWSS, SASHS and SAPBA, Stellenbosch. January. 

• De Jager JM and Kennedy JA (1995) Weather based irrigation, 
scheduling for numerous farms: Commercial and small scale. Paper 
presented at ICID Special Techn. Session on Irrig. Scheduling, Rome, 
Italy. 11-16 September. 
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e De Lange M and Crosby CT (1995) Irrigation for small farmers: 
Growers don't like being managed. Farmers Weekly 10 March. 

• De Lange M and Crosby CT (1995) Small-scale irrigation: Going it 
alone. Farmers Weekly 17 March. 

• De Lange M and Crosby CT (1995) Towards successful small farmer 
irrigation. SA Waterbulletin October. 

• Du Plessis HM (1995) Researching and applying measures to conserve 
natural irrigation resources. In: Proc. South. Afr. Irrig. Symp., Durban. 
4-6 June. 61-69. 

• Du Toit, SF en Moolman JH (1995) Ruimtelike variasie in die 
soutaansameling van 'n wingerdgrond wat met soutryke water 
besproei word. Referaat gelewer by die Gesamentlike Kongr., 
"Challenges for Agric. in the 21st Century", Stellenbosch. 24-26 
Januarie. 

» Du Toit WHO, Killian WH, Purchase JL, De Wet JCH, Rautenbach A, 
Hensley M, Snyman KC and Oberholzer U (1995) The preliminary 
validation of the soil water content, as predicted by CERES 2.10 crop 
growth simulation model for dryland wheat (Triticum aestivum L) in 
the Orange Free State. Paper presented at the Combined Conf. of 
the SASCP, SSSSA, SAWSS, SASHS and SAPBA, Stellenbosch. 24-26 
January. 

• Hensley M (1995) The value of growth simulation models for land 
evaluation. Paper presented at ISCW Wise Land-use Symp., Pretoria. 
27-28 October. 

• Hensley M, Van den Berg WJ and De Jager JM (1995) Testing an 
improved runoff subroutine for crop models. Paper presented at the 
Combined Conf. of the SASCP, SSSSA, SAWSS, SASHS and SAPBA, 
Stellenbosch. January. 

• Jovanovic NZ, Annandale JG and Van der Westhuizen AJ (1995) An 
evaluation of Watermark electrical resistance and Campbell scientific 
heat dissipation blocks. Paper presented at the Combined Conf. of 
the SASCP, SSSSA, SAWSS, SASHS and SAPBA, Stellenbosch. 
January. 

• Marais D, Steynberg RE and Rethman NFG (1995) Dry matter yield 
and allocation of assimilate in soybeans and maize at four levels of 
irrigation. Proc. Congr. Grassl. Soc. South. Afr., Kroonstad, Free 
State. January. 

• Meiring JA en Oosthuizen LK (1995) Besluitnemingsondersteuning vir 
die evaluering van boerderybestuursbesluite op vertakkingsvlak. 
Landbou-ingenieurswese in S.-Afr. 27 (1) 71-79. 

• Meyer JA, Casey NH and Coetzee CB (1995) A new approach to 
define the target guideline for fluoride in the drinking water for 
livestock. Paper presented at Workshop on Fluoride and Fluorosis: 
The Status of S. Afr. Res., Pilanesberg National Park. 10-11 August. 

• Monnik KA, Savage MJ and Everson CS (1995) Comparison of eddy 
correlation estimates of evaporation with Bowen ratio and 
equilibrium evaporation. Proc. South. Afr. Irrig. Symp. 167-171. 

• Moolman JH and De Clercq WP (1995) Using the probability density 
fluctuation of soil water content to locate representative soil water 
monitoring sites in a drip irrigated vineyard. In: Proc. South. Afr. 
Irrigation Symp., Durban. 4-6 June 1991. 81-87. 

• Moolman JH, De Clercq WP, Wessels WPJ and Meiri A (1995) Initial 
results of the effect of saline irrigation water on the performance of 
Vitis vinifera L (cv. Colombar) grapevines. Paper presented at the 
Joint Congr., Challenges for Agric. in the 21st Century, Stellenbosch. 
24-26 January. 

• Moolman JH, De Clercq WP, Wessels WPJ, Meiri A and Du Plessis HM 
(1995) Salinity effects on Vitis vinifera L (cv. Colombar) grapevine. In: 
Micro-irrigation for a Changing World: Conserving Resources/ 
Preserving the Environment. Proc. 5th Int. Micro-irrigation Congr., 
Orlando, Florida, USA. 2-6 April. 123-128. 

• Moolman JH, De Clercq WP, Wessels WPJ, Meiri A and Du Plessis HM 
(1995) Salinity effects on yield and the sodium and chloride content 
of must and wine of Vitis vinifera L (cv. Colombar) grapevine. In: Proc 
S. Afr. Soc. Oenol. and Vitic, Cape Town. 4-11 November. 108-110. 

• Myburgh WJ en Vermeulen HJ (1995) 'n Ondersoek na die 
funksionering van oewerplantegroei van die Olifantsrivier in 
Transvaal. SA Waterbulletin 21 (5). 

• Olivier FC and Annandale JG (1995) Modelling the growth and 
development of green peas Pisum sativum. Paper presented at the 
Combined Conf. of the SASCP, SSSSA, SAWSS, SASHS and SAPBA, 
Stellenbosch. January. 

• Oosthuizen LK (1995) Decision support systems in irrigation. Paper 
presented at a Workshop on Priorities for Reform and Transformation 
of Irrigated Agriculture in South Africa: A Research Agenda for 
Agricultural Economists, during the Annu. Conf. of the Agric. Econ. 
Soc. S. Afr., Bloemfontein. 26 September. 

• Oosthuizen LK, Breytenbach P en Meiring JA (1995) Die formulering 
en ekonomiese evaluering van energiebestuurstrategiee vir 
besproeiingsboerdery. Referaat gelewer tydens die S.-Afr. Inst. vir 
Landbou-ingenieurswese Simp., Pietermaritzburg. 26-28 September. 

• Oosthuizen LK, Breytenbach P en Meiring JA (1995) Die ontwikkeling 
en illustrering van 'n kosteberekeningsprosedure vir sleeplyn-
besproeiingstelsels. Referaat gelewer tydens die S.-Afr. Inst. vir 
Landbou-ingenieurswese Simp., Pietermaritzburg. 26-28 September. 

• Oosthuizen LK en Meiring JA (1995) Besluitnemingsondersteuning vir 
die evaluering van boerderybestuursbesluite op vertakkingsvlak. 
Referaat gelewer tydens die S.-Afr. Inst. vir Landbou-ingenieurswese 
Simp., Pietermaritzburg. 26-28 September. 

• Palmer RW (1995) Blackfly control in the Thyolo Highlands, Malawi. 
A report of a 4-day field trip and the results of a larvicide trial using 
VectobacR 12AS. Internal report submitted to Abbott Laboratories, 
Somerset West, South Africa. 15 pp. 

• Palmer RW (1995) Bye bye blackfly. Effective Farming 10 (6) 390. 

• Palmer RW (1995) Threatened invertebrates and their conservation in 
the middle and lower Orange River. Paper presented at Zool. and 
Aquat. Sci. in South. Afr. Symp., Rhodes Univ., Grahamstown. 27-30 
June. 

• Palmer RW and Palmer AR (1995) Impacts of repeated applications of 
Bacillus thuringiensis var. israelensis de Barjac and temephos, used in 
blackfly (Diptera: Simuliidae) control, on macroinvertebrates in the 
middle Orange River, South Africa. South. Afr. J. Aquat Sci. 21 (1/2). 

• Pieterse PA, Rethman NFG en Van Bosch J (1995) Invloed van 
stikstofbemesting, grondtipe en waterstremming op die produksie en 
watergebruikdoeltreffendheid van Digitaria eriantha cv. Irene onder 
glashuistoestande. Wafer SA 21 (4) 351-356. 

8 Pieterse PA, Rethman NFG and Van Bosch J (1995) The influence of 
N-level, soil type and water stress on the production and water-use 
efficiency of Digitaria eriantha. Proc. Joint Congr., SSSSA, SAWSS, 
SASCP, SASHS and SAPBA, Stellenbosch. January. 
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• Pieterse PA, Rethman NFG and Van Bosch J (1995) The production, 
water-use efficiency and quality of four Panicum maximum cultivars 
at different levels of applied nitrogen. Proc. Congr. Grassl. Soc. 
South. Afr., Kroonstad, Free State. January. 

• Rethman NFG, Venter PS and Lindeque JP (1995) The influence of soil 
water availability on the root development of sub-tropical grass 
species. Proc. Congr. Grassl. Soc. South. Afr., Kroonstad, Free State. 
January. 

• Savage MJ, Everson CS and Metelerkamp BR (1995) Evaporation 
measurement comparisons and advective influences using Bowen 
ratio, lysimetric and eddy correlation methods. Proc. South. Afr. Irrig. 
Symp. 160-166. 

<> Savage MJ, Heilman JL, Mclnnes KJ and Gesch RW (1995) Placement 
height of eddy correlation sensors above a short grassland surface. 
Agric. and Forest Meteorol. 74 195-204. 

• Steynberg RE, Rethman NFG and Lindeque JP (1995) Water-
use efficiency of perennial temperate pastures under irrigation. Proc. 
Congr. Grassl. Soc. South. Afr., Kroonstad, Free State. January. 

• Steynberg RE and Rethman NFG (1995) Water use and water-
use efficiency of three perennial temperate pasture species. Proc. 
Joint Congr., SSSSA, SAWSS, SASCP, SASHS and SAPBA, 
Stellenbosch. January. 

• Symington HM en Viljoen MF (1995) Optimale bestuurstrategiee vir 
tipiese boere in die Vaalhartsbesproeiingsgebied tydens toestande 
van wisselende watervoorsiening. Referaat gelewer by Jaarkongres 
van Landboubestuursver. van S.-Afr., Bloemfontein. Junie. 

• Van den Berg WJ, Jordan L and Hensley M (1995) The simultaneous 
measurement of rainfall intensity and runoff. Paper presented at the 
Combined Conf. of the SASCP, SSSSA, SAWSS, SASHS and SAPBA, 
Stellenbosch. January. 

• Van der Westhuizen AJ en Annandale JG (1995) 'n Groei- en 
ontwikkelingsmodel vir fabriekstamaties. Referaat gelewer by die 
Gekombineerde Konf. van die SASCP, SSSSA, SAWSS, SASHS en 
SAPBA, Stellenbosch. Januarie. 

• Van der Westhuizen AJ, Annandale JG and Benade N (1995) 
Encouraging irrigation scheduling: A cost benefit approach. Paper 
presented at ICID Special Techn. Session on Irrig. Scheduling, Rome, 
Italy. 11-16 September. 

• Van Zyl WH and De Jager JM (1995) Climate compensation of 
evaporation coefficients for potato and maize. Paper presented at the 
Combined Conf. of the SASCP, SSSSA, SAWSS, SASHS and SAPBA, 
Stellenbosch. January. 

• Venter PS, Rethman NFG, Joubert JG and Lindeque JP (1995) 
The use of a water gradient to study the drought tolerance of 
grasses. 5th Int. Rangeland Congr., Salt Lake City, Utah, USA. July. 

Articles and papers (1994) 

• Botes JHF and Oosthuizen LK (1994) The effects of pumping 
restrictions on irrigation efficiency: Implications for Eskom's time-of-
use electricity supply to rural areas. Agrekon 33 (4) 248-251. 

• Coetzee CB, Casey NH and Meyer JA (1994) Fluoride tolerance in 
broilers and layers. Proc. 13th Sci. Day of the South. Afr. Branch of 
the World Poultry Sci. Assoc, Pretoria. 

• De Jager JM (1994) Accuracy of vegetation evaporation ratio 
formulae for estimating final wheat yield. Wafer SA 20 (4) 307-314. 

• De Jager JM (1994) Options for estimating reference crop 
evaporation: Is there a case for standardisation? Paper presented at 
WRC Workshop on Irrig. Scheduling Services based on Automatic 
Weatherstations, Silverton. 14June. 

• De Lange M and Crosby CT (1994) Small-scale irrigation in South 
Africa. Farmers Weekly 24 February. 

• Mottram R and De Jager JM (1994) Stocktaking of irrigation 
scheduling services either in planning or existence, whether 
experimental or commercial. Paper presented at WRC Workshop on 
Irrig. Scheduling Services based on Automatic Weather Stations, 
Silverton. 14 June. 

8 Oosthuizen LK and Botes JHF (1994) The effects of pumping -
restrictions on irrigation efficiency: Implications for Eskom's time-of-
use electricity supply to rural areas. Paper presented at the Annu. 
Conf. of the Agric. Econ. Soc. of South. Afr., Pretoria. September. 

• Palmer RW (1994) Detrimental effects of fenthion (QueletoxR), used 
to control red-billed quelea (Quelea quelea), on rheophilic benthic 
macroinvertebrates in the Orange River. South. Afr. J. Aquat. Sci. 
20 (1 & 2) 33-37. 

Reports (1995) 

• Palmer RW (1995) Biological and Chemical Control of Blackflies 
(Diptera: Simuliidae) in the Orange River. WRC Report No. 343/1/95. 

• Walker S, Fyfield TP, McDonald JPA and Thackrah A (1995) The 
Influence of Different Water and Nitrogen Levels on Crop Growth, 
Water Use and Yield, and the Validation of Crop Models. WRC 
Report No. 307/1/95. 

• Water Research Commission (1995) Proceedings of the Southern 
African Irrigation Symposium 4-6 June 1991. WRC Report No. 71/95. 

Reports (1994) 

• Bennie ATP, Hoffman JE, Coetzee MJ en Vrey HS (1994) Opgaring en 
Benutting van Reenwater in Grond vir die Stabilisering van 
Plantproduksie in Halfdroe Gebiede. WNK Verslagno. 227/1/94. 

Theses 

• Breytenbach P (1994) 'n Ekonomiese Evaluering van Energiegebruik 
by Besproeiing in die Wintertongebied met Inagneming van Risiko. 
M.Com. Verhandeling, Dept. Landbou-ekon., Univ. van die Oranje-
Vrystaat. 

• Coetzee CB (1995) Fluoride Tolerance in Broilers and Layers. 
M.Sc.(Agric.) Dissertation, Univ. of Pretoria. 
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Industrial water and effluents 

Articles and papers (1995) 

• Carliell CM, Barclay SJ, Naidoo N, Buckley CA, Mulholland DA and 
Senior E (1995) Microbial decolourisation of a reactive azo dye under 
unaerobic conditions. Water 5A 21 (1) 61-70. 

• Naidoo N and Mulholland DA (1995) The nitrification of dye and dye 
degradation products. Poster presentation at Frank Warren Natl. Org. 
Chem. Conf., Aventura Aldam, Free State. 2-7 April. 

<■ Naidoo N, Mulholland DA, Barclay SJ and Buckley CA (1995) The 
identification, separation and degradation of an azo reactive dye 
(Cl Reactive RED 2). Poster presentation at Hong Kong Int. Symp. 
on Heterocyclic Chem., Univ. of Hong Kong. 13-16 August. 

« Wadley S, Brouckaert CJ, Baddock LAD and Buckley CA (1995) 
Modelling of nanofiltration applied to the recovery of salt from 
waste brine at a sugar decolourisation plant. J. Membrane 5c/. 
102 163-175. 

Articles and papers (1994) 

• Buckley CA (1994) Industrial effluents. Session Chairman at Int. 
Water Supply Assoc./lnt. Assoc. on Water Quality/Australian Water 
and Wastewater Assoc, Int. Spec. Conf. on Desalination and Water 
Reuse, Perth, Western Australia. 1-2 December. 

Reports (1995) 

• Fourie JW (1995) A Study on a Mine Water Reclamation Test Plant. 
WRC Report No. 322/1/95. 

6 Pollution Research Group, University of Natal (1995) Technology 
Transfer of Aquatic Chemical Speciation Modelling. WRC Report No. 
530/1/95. 

• Smit JJ (1995) Extractive Purification of Industrial Effluents. WRC 
Report No. 533/1/95. 

• Strohwald NKH (1995) An Investigation into the Application of the 
Anaerobic Digestion Ultrafiltration Process for the Treatment of 
Metal-Cutting-Fluid Waste Water. WRC Report No. 593/1/95. 

• Van der Heever JA and Grobbelaar JU (1995) The Use of Algae in 
Bioassays to Detect the Presence of Toxic Compounds in Natural 
Waters. WRC Report No. 393/1/95. 

Theses 

' Chetty S (1995) The Evaluation of the Cavitation Process to Produce 
Radical Species Capable of Oxidising Organic Pollutants in Industrial 
Wastewaters and Potable Water. M.Sc.(Eng.) Thesis, Univ. of Natal. 

• Naidoo N (1995) Chemical Treatment and Structural Elucidation of 
Textile Dyes. M.Sc.(Eng.) Thesis, Univ. of Natal. 

• Schwikkard G (1995) An Investigation of the Sonochemical 
Degradation of Hydantoin Compounds. M.Sc.(Eng.) Thesis, Univ. of 
Natal. 

Membrane technology 

Articles and papers (1995) 

• Beckman IN, Bessarabov DG and Sanderson RD (1995) 
Phenomenological theory of the facilitated diffusion of gases in fixed 
site carrier membranes at nonsteady state. Poster presentation at 
Euromembrane '95, University of Bath, UK. September. 

• Bessarabov DG and Sanderson RD (1995) Olefin separation by hybrid 
membrane systems. Poster presentation at 35th IUPAC Congr., 
Istanbul, Turkey. 14-19 August. 

• Bessarabov DG, Sanderson RD and Jacobs EP (1995) High-efficiency 
separation of an ethylene/ethane mixture by a large scale liquid-
membrane contactor containing flat-sheet nonporous polymeric gas-
separation membranes and a selective flowing-liquid absorbant. Ind. 
Eng. Chem. Res. 34 1769-1778. 

8 Bessarabov DG, Vorobiev AV, Jacobs EP, Sanderson RD and Timashev 
SF (1995) Separation of olefin/paraffin gaseous mixtures by means of 
facilitated-transport membranes based on metal-containing 
perfluorinated carbon-chain copolymers. Poster presentation at 
Euromembrane '95, University of Bath, UK. September. 

• Burton SG, Edwards W, Leukes WD, Rose PD, Jacobs EP and 
Sanderson RD (1995) The effects of immobilization on polyphenol 
oxidase in a hollow-fibre bioreactor on its monophenolase activity. 
Poster presentation at Biotrans'95, England. 

• Edwards W, Bownes R, Leukes WD, Burton SG, Jacobs EP, 
Sanderson RD and Rose PD (1995) Treatment of phenolic and cresylic 
industrial effluent using hollow-fibre membrane immobilised 
polyphenol oxidase. Paper presented at Biotechnol. for Afr. '95, All 
Afr. Conf. on Biotechnol., Univ. of Pretoria. 13-15 November. 

• Edwards W, Leukes WD, Burton SG, Jacobs EP, Sanderson RD and 
Rose PD (1995) Dephenoiisation of a synthetic industrial wastewater 
using hollow-fibre immobilised polyphenol oxide. Poster presentation 
at Joint ASM/SGM Meeting in Bioremediation, Scotland. 

• Hurndall MJ, Spies HSC and Sanderson RD (1995) Characterization of 
copolymeric poly(2-vinylimidazoline). J. Appl. Polymer Sci. 55 47-55. 

• Jacobs EP, Botes JP, Sanderson RD, Domrose SE, Saayman HM and 
Edwards W (1995) Ultrafiltration in potable water production. Poster 
presentation at IWSA Conf. 11-13 September. 

• Leukes WD, Burton SG, Jacobs EP, Sanderson RD and Rose PD (1995) 
Biofilm dynamics of Phanerochaete chrysosporium in a hollow-fibre 
bioreactor for sustained continuous production of lignin peroxidase. 
Paper presented at Biotechnol. for Afr. '95, All Afr. Conf. on 
Biotechnol., Univ. of Pretoria. 13-15 November. 

• Leukes WD, Burton SG, Edwards W, Jacobs EP, Sanderson RD and 
Rose PD (1995) A critical investigation into the use of Phanerochaete 
chrysosporium in a hollow-fibre bioreactor for the degradation of 
cresol. Poster presentation at Joint ASM/SGM Meeting in 
Bioremediation, Scotland. 

• Linkov VM, Kaizer K, Sanderson RD and Lapidus AL (1995) 
Composite carbon-ceramic hollow fibre membranes. Chem. of Solid 
Fuels 1 92-93. 

• Maartens A, Swart P and Jacobs EP (1995) The use of enzymes for 
the cleaning of UF membranes fouled in abattoir and woolscouring 
effluents. Paper presented at SA Biochem. Soc. Xlllth Conf., 
Bloemfontein. 
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• Sanderson RD and Economy J (1995) Material science in South Africa 
and the need for new awareness programmes at schools/colleges -
Creation of an African materials group to function under IUPAC and 
UNESCO. Poster presentation at Chem. Conf. in Afr., Accra, Ghana. 
31 July-4 August. 

• Sanderson RD and Jacobs EP (1995) Overview of recent advances in 
the supply of potable water by membrane process. Paper presented 
at 6th Int. Chem. Conf. in Afr., Accra, Ghana. 31 July-4 August. 

• Sanderson RD and Jacobs EP (1995) Recent advances in membranes 
for potable water provision in unserviced or underprivileged areas. 
Poster presentation at 35th IUPAC Congr., Istanbul, Turkey. 14-19 
August. 

• Sanderson RD and Jacobs EP (1995) The use of membranes in the 
food industry. Paper presented at 9th Annu. Food Sci. Symp., 
Engineering and Marketing for Food in the Future, Somerset West. 
15-16 May. 

• Smith SPJ, Linkov VM, Sanderson RD, Petrik LF, O'Connor CT and 
Keiser K (1995) Preparation of hollow-fibre composite carbon-zeolite 
membranes. Microporous Materials 4 385-390. 

• Van Rensburg S, Sanderson RD, Lorenzen Land Linkov VM (1995) 
Inorganic catalytic membranes. Poster presentation at 35th IUPAC 
Congr., Istanbul, Turkey. 14-19 August. 

Articles and papers (1994) 

• Brouckaert CJ (1994) Prospects and problems with large-scale 
membrane filtration of juices. Paper presented at SMRI Colloq. on 
Classification, Sugar Milling Res. Inst, Univ. of Natal, Durban. 24 
November. 

• Buckley CA (1994) Environmental protection with membranes -
South African experience. Paper presented at Conf. on Cleaner 
Production - The Role of Membrane Technol., The Univ. of New 
South Wales, Australia. 31 October - 2 November. 

• Fane G, Schippers JC and Buckley CA (1994) Membrane technology. 
Paper presented at Workshop presented at the Int. Water Supply 
Assoc./lnt. Assoc. on Water Quality/Australian Water and Wastewater 
Assoc, Int. Spec. Conf. on Desalination and Water Reuse, Perth, 
Western Australia. 30 November. 

• Maartens A, Swart P and Jacobs EP (1994) Biological cleaning of 
abattoir fouled membranes. Paper presented at Afr. Water Technol. 
Conf., Johannesburg. 

• Maartens A, Swart P and Jacobs EP (1994) Enzymatic cleaning of UF 
membranes fouled in abattoir effluent. Paper presented at 1st WISA-
MTD Workshop and Seminar, Van Stadens River Mouth Resort, 
Eastern Cape. 

• Maartens A, Swart P and Jacobs EP (1994) The application of 
recombinant DNA technology in the production of enzymes for 
industrial application. Paper presented at 1st WISA-MTD Workshop 
and Seminar, Van Stadens River Mouth Resort, Eastern Cape. 

• Maartens A, Swart P and Jacobs EP (1994) The development of 
characterizing and cleaning techniques for the classification of 
organic fouling of ultra- and microfiltration membranes (An abattoir 
case study). Paper presented at Biochem. Soc. Xllth Conf., 
Stellenbosch. 

• Swart AC, Swart P, Roux SP, Maartens A and Jacobs EP (1994) The 
application of recombinant DNA technology in the production of 
enzymes for industrial application. Paper presented at 1st WISA-MTD 
Workshop and Seminar, Van Stadens River Mouth Resort, Eastern 
Cape. 

• Swart P, Maartens A, Swart AC and Jacobs EP (1994) Enzymes as the 
active components in biological cleaning techniques for UF-
membranes used in biological process plants. Paper presented at 1st 
WISA-MTD Workshop and Seminar, Van Stadens River Mouth Resort, 
Eastern Cape. 

Reports (1995) 

• Brouckaert CJ, Wadley S and Hurt QE (1995) Research on the 
Modelling of Tubular Reverse Osmosis Systems. WRC Report No. 
325/1/95. 

• Hurt QE (1995) EMILY (Electronic Membrane Information Library). 
WRC Report No. KV 70/95. 

• Malherbe GF, Morkel CE, Bezuidenhout D, Jacobs EP, Humdall MJ 
and Sanderson RD (1995) Industrial Application of Membranes. WRC 
Report No. 362/1/95. 

• Schoeman JJ and Steyn A (1995) Evaluation of Membrane 
Technology for Electroplating Effluent Treatment. WRC Report No. 
275/1/95. 

Theses 

• Linkov VM (1995) Preparation and Applications of Hollow-fibre 
Carbon Membranes. Ph.D. Thesis, Univ. of Stellenbosch (Inst. of 
Polymer Sci.). 

• Oliver DM (1995) Morphology of Thermal Phase Inversion Polymer 
Precipitates. M.Sc. Thesis, Univ. of Stellenbosch (Inst. of Polymer Sci.). 

Patents 

• Domrose SE, Jacobs EP and Sanderson RD (1994) Capillary 
membrane modules. WRC, Provisional SA Patent Application 
94/9427. 28 November. 

• Jacobs EP and Sanderson RD (1995) Method of making hollow-fibre 
membrane. WRC, Provisional SA Patent Application 95/4648. 5 June. 

• Jacobs EP, Sanderson RD and Domrose SE (1994) Membrane 
arrangements. WRC, SA Patent 94/0834. 8 February. 

<• Leukes WD, Jacobs EP, Rose PD, Burton SG and Sanderson RD (1995) 
Method of producing secondary metabolites. WRC, Provisional SA 
Patent Application 95/7366. 1 September. 

Hydrometeorology 
Articles and papers (1995) 

• Adam BF and Kroese NJ (1995) Spatial and temporal characteristics 
of rainfall events using radar-raingauge network and streamflow 
measurements. Paper presented at the 7th S. Afr. Natl. Hydrol. 
Symp., Grahamstown. September. 
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• Crimp SJ (1995) Temperature sensitivity tests using the Colorado 
State University Regional Atmospheric Modelling System (RAMS). 
Paper presented at the 12th Annu. Conf. of the S. Afr. Soc. of 
Atmos. Sci. October. 

• February EC (1995) Archaeological charcoal as a potential tool for 
environmental management. Veld and Flora 81 (1) 10-11. 

• February EC (1995) Atmospheric carbon dioxide through time from 
stable carbon isotope analysis of tree rings. Paper presented at the 
Regional Conf. of the Int. Geosphere-Biosphere Programme. 

• February EC (1995) Stable carbon isotope ratios of wood charcoal as 
a climate indicator. Paper presented at the XII Bienn. Conf. of the 
South. Afr. Soc. for Quaternary Res. 

8 Mason SJ and Tyson PD (1995) Modelling droughts over Southern 
Africa. Paper presented at Int. Symp. on Afr. Drought, ICTP, Trieste, 
Italy. 31 July-4 August. 

Reports (1995) 

• Sandham LA (1995) The Development of a Rainfall Estimation 
Algorithm from Meteosat Imagery. WRC Report No. KV 69/95. 

• Van Heerden J, Rautenbach CJdeW en Truter MM (1995) Tegnieke 
vir Seisoenale en Langtermyn Reenvalvoorspelling in Suid-Afrika. 
WNK Verslagno. 306/1/95. 

• Van Heerden J, Truter MM, Rautenbach CJdeW and Booysen RG 
(1995) Development of a Real-time, Non-conventional Rainfall 
Mapping System. WRC Report No. 438/1/95. 

Thesis 

• Van den Heever SC (1995) Modelling Tropical-temperate Troughs 
over Southern Africa. M.Sc. Thesis, Univ. of the Witwatersrand. 

Rainfall stimulation 
Articles and papers (1995) 

• Adam BF (1995) A preliminary radar climatology of the Tzaneen 
experiment. Paper presented at the 12th Annu. Conf. of the S. Afr. 
Soc. for Atmos. Sci. October. 

• Adam BF, Hiscutt FO and Botha GA (1995) RF telemetry: Providing 
realtime data transmission during aircraft operations. Proc 12th Int. 
Conf. on Cloud Physics, Dallas, Texas. January. 

• Adam BF and Hiscutt FO (1995) The airborne data acquisition system 
used in the Bethlehem Precipitation Research Project. 5. Afr. J. Sci. 91 
368-370. 

• Adam BF and Hiscutt FO (1995) The cloud physics research aircraft of 
the Bethlehem precipitation research project (BPRP): Instrumentation 
and PC-based data acquisition system. Proc. 12th Int. Conf. on Cloud 
Physics, Dallas, Texas. January. 

• Adam BF and Kroese NJ (1995) Moving towards an area experiment 
in the Bethlehem Precipitation Research Project (BPRP). Paper 
presented at the IUGG 21st Gen. Assembly, Boulder, Colorado. July. 

• Adam BF and Mittermaier MP (1995) The "response" of Southern 
African summertime convective storms to hygroscopic seeding. Paper 
presented at the IUGG 21st General Assembly, Boulder, Colorado. 
July. 

• Adam BF and Mittermaier MP (1995) The Tzaneen experiment-
Design and preliminary analysis. Paper presented at the 12th Annu. 
Conf. of the S. Afr. Soc. for Atmos. Sci. October. 

• Gbrgens AHM and Jewitt GPW (1995) Can Vaal Dam basin runoff be 
augmented by connective cloud-seeding? Paper presented at 
SANCIAHS Natl. Hydrol. Symp., Grahamstown. 4-6 September. 

• Kroese NJ (1995) Comparison between the 1993/94 and 1994/95 
summer seasonal rainfall using a densely instrumented raingauge 
network. Paper presented at the 12th Annu. Conf. of the S. Afr. Soc. 
for Atmos. Sci. October. 

• Markham R (1995) From radar echoes to streamflow. Paper 
presented at the 12th Annu. Conf. of the S. Afr. Soc. for Atmos. Sci. 
October. 

8 Mather GK (1995) South African rain augmentation research. Paper 
presented at the Precipitation Enhancement Workshop, Terrigal, 
Australia. April. 

• Mather GK and Cooper WA (1995) Some possible influences of 
aerosols on cloud microstructure in sub-Saharan Africa. Paper 
presented at the Int. Symp. on African Drought, Trieste, Italy. 31 July 
- 4 August. 

• Mittermaier MP (1995) CAPPI processing techniques and their 
applications. Paper presented at the 12th Annu. Conf. of the S. Afr. 
Soc. for Atmos. Sci. October. 

• Niewoudt R and Steffens FE (1995) Merging radar and raingauge 
data for improved rainfall measurement. Paper presented at the 12th 
Annu. Conf. of the S. Afr. Soc. for Atmos. Sci. October. 

• Steffens FE and Fletcher L (1995) Evaluation of the results of the 
Tzaneen cloud seeding operation. Paper presented at the 12th Annu. 
Conf. of the S. Afr. Soc. for Atmos. Sci. October. 

• Terblanche DE (1995) Simulating linear, logarithmic and quadratic 
responses from a radar's logarithmic receiver through digital signal 
processing. Preprints, 27th Conf. on Radar Meteorol., Vail, Colorado. 
October. 

• Terblanche DE and Dicks DJ (1995) The Water Research 
Commission's MRL5 radar: A unique meteorological and hydrological 
research opportunity. Paper presented at the 7th S. Afr. Natl. Hydrol. 
Symp., Grahamstown. September. 

• Terblanche DE, Dicks DJ, Hiscutt FO and Pienaar HG (1995) 
Commissioning a MRL5 dual-wavelength radar in South Africa: 
Upgrades, performance testing and data collection. Paper presented 
at the IUGG 21st Gen. Assembly, Boulder, Colorado. July. 

• Truter MM and Mittermaier MP (1995) Radar-satellite rainfall 
algorithms developed in South Africa. Paper presented at the 12th 
Annu. Conf. of the S. Afr. Soc. for Atmos. Sci. October. 

• Van der Hoven, AM and Kroese NJ (1995) An automated tipping 
bucket raingauge calibrator. Paper presented at the 7th S. Afr. Natl. 
Hydrol. Symp., Grahamstown. September. 

Water resource management 
Articles and papers (1995) 
6 Scott L (1995) River basin planning through scenario analysis. Paper 

presented at World Conf. on Natural Resour. Modelling, 
Pietermaritzburg. July. 

91 
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• Stewart TJ (1995) Convergence of interactive methods in MCDM -
A simulation study. Paper presented at 12th Int. Conf. on Multiple 
Criteria Decision Making, Hagen, Germany. June. 

• Stewart TJ (1995) Decision analysis and river basin planning. Poster 
presentation at Int. Spec. Conf. on River Basin Management for 
Sustainable Development, Kruger National Park. May. 

• Stewart TJ (1995) Robustness of value-based approaches to MCDM. 
Paper presented at Eur. Conf. of Operations Res., Jerusalem, Israel. 
July. 

• Stewart TJ and Scott L (1995) A scenario-based framework for 
multicriteria decision analysis in water resources planning. Water 
Resour. Res. 31 (11) 2835-2843. 

Thesis 

• Heynes WG (1995) Selection of Multicriteria Decision-making 
Methodologies in Scenario-based Planning. M.Sc. Thesis 
(Cum laude), Univ. of Cape Town. 

Surface hydrology 

Articles and papers (1995) 

• Breen CM, Biggs H, Dent MC, Gorgens A, O'Keeffe J and Rogers KH 
(1995) Designing a research programme to promote river basin 
management. Proc. IAWQ Conf. on River Basin Management for 
Sustainable Development, Kruger National Park. 

• Dent MC (1995) Marketing hydrological models in southern Africa. 
Paper presented at 7th S. Afr. Natl. Hydrol. Symp., Rhodes Univ., 
Grahamstown. September. 

• Dent MC (1995) Strategic issues in natural resource modelling. Paper 
presented at World Conf. on Natural Resour. Modelling, Univ. of 
Natal, Pietermaritzburg. July. 

• Dent MC (1995) Strategic issues in water resource modelling in 
southern Africa. Paper presented at S. Afr. Inst. of Agric. Eng. Annu. 
Symp., Univ. of Natal, Pietermaritzburg. September. 

• Donkin AD, Smithers JC, Lorentz SA and Schuize RE (1995) Direct 
estimation of total evaporation from a southern African wetland. 
Proc. ASAS/AWRA Conf. on the Versatility of Wetlands in the 
Agricultural Landscape, Tampa FL, USA. 9 pp. 

• Du Plessis LA en Viljoen MF (1995) 'n Vloedskadesimulasiemodel vir 
die herbeplanning/-strukturering van 'n vloedvlakte. Referaat gelewer 
by LEVSA, Bloemfontein. September. 

• Everson CS (1995) Energy flux measurements of a South African 
grassland catchment using micrometeorological techniques. Abstract: 
Proc. of the 20th Gen. Assembly of the European Geophys. Soc. in 
Hamburg, 3 - 7 April. Also in Annales Geophysicae, Part II. 

• Holden AP and Stephenson D (1995) Finite difference formulations of 
kinematic equations. ASCEJ. Hydraul. Eng. 121 (5)423-426. 

• Hughes DA, Sami K and Murray E (1995) Rural water supply 
development - A perspective on the relevant water source 
assessment issues. Proc. 7th S. Afr. Natl. Hydrol. Symp., 
Grahamstown. September. Available on World Wide Web using 
http://www.ru.ac.za. 
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• Hughes DA (1995) Monthly rainfall-runoff models applied to arid and 
semi-arid catchments for water resource estimation purposes. Hydrol. 
Sci. J. 40 (6). 

• Hughes DA (1995) The rainfall-runoff modelling programme of the 
FRIEND project - Initial results. Proc. 7th S. Afr. Natl. Hydrol. Symp., 
Grahamstown. September. Available on World Wide Web using 
http://www.ru.ac.za. 

• Howe BJ and Lorentz SA (1995) Modelling sediment yield in the 
Mzinduzi basin using contributing area techniques. Proc. 7th Natl. S. 
Afr. Hydrol. Symp. IWR, Grahamstown. 12 pp. 

• Kienzle SW (1995) Using DTMs and GIS to define input variables for 
hydrological and geomorphological analysis. Paper presented at ESRI 
User Conf. 1995, Palm Springs, USA. 

• Kienzle SW and Schuize RE (1995) An evaluation of the impacts of 
commercial afforestation of eucalypt species on water table 
depression for six selected sites in southern Mozambique. ACRUcons 
Report to WMB Inc. and INR. 21 pp. 

• Kienzle SW and Schuize RE (1995) Low flow analysis for the 
management subcatchments upstream of Inanda dam. ACRUcons 
Report to Umgeni Water, Pietermaritzburg. 21 pp. 

• Kienzle SW and Schuize RE (1995) Modelling the impacts of forest 
and other land use on streamflow in the Mgeni catchment. Proc. 6th 
Annu. Congr. of the S. Afr. Inst. of Civil Eng. on "Engineering the 
Environment", Port Elizabeth. 25 pp. 

• Kienzle SW and Schuize RE (1995) Simulating daily streamflows in 
the Mgeni catchment under past, present and future land uses. Proc. 
7th Natl. S. Afr. Hydrol. Symp., IWR, Grahamstown. 13 pp. 

• Kunz RP, Scholes RJ and Schuize RE (1995) An approach to modelling 
spatial change of plant carbomnitrogen ratios over southern Africa 
with climate change. J. of Biogeogr. 22. 

• Lecler NL (1995) Generation of composite daily weather sets for 
climate prediction applications. Paper presented to the Int. Res. Inst. 
for Climate Prediction, Columbia University, Palisades, New York, 
USA. 16 pp. 

• Lecler NL, Lorentz SA, Smithers JC and Schuize RE (1995) Off-channel 
storage and analysis with the ACRU agrohydrological model. Paper 
presented at Symp. of S. Afr. Inst. of Agric. Eng., Pietermaritzburg. 

• Lorentz SA, Ballim F and Musto JW (1995) Hydraulic and physical 
properties of soil covers for mine and waste dump rehabilitation. 
ACRUcons report to Wates, Meiring and Barnard, Johannesburg. 29 
pp plus 20 pp Appendices. 

• Lorentz SA and Howe B (1995) Modelling sediment yield at a basin 
scale. Agric. Eng. in S. Afr. 27 57-70. 

• Lorentz SA and Schuize RE (1995) The ACRU hydrological model 
and sediment yield module. Paper presented at NATO Adv. Res. 
Workshop Global Change: Modelling Soil Erosion by Water, 
Oxford, UK. 

8 Lynch SD, Reynders AG and Schuize RE (1995) Preparing input data 
for a national-scale groundwater vulnerability map of southern 
Africa. ESRI Map Book, Volume 10. Environmental Systems Research 
Institute Inc., Redlands CA, USA. 8-9. 

8 Lynch SD and Schuize RE (1995) Techniques for estimating areal daily 
rainfall. Proc. 7th Natl. S. Afr. Hydrol. Symp., IWR, Grahamstown. 9 
pp. Also presented at ESRI User Conf. 1995, Palm Springs, USA. 

http://www.ru.ac.za
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• Maaren H and Dent MC (1995) Broadening participation in 
integrated catchment management for sustainable water resources 
development. Proc. IAWQ Conf. on River Basin Management for 
Sustainable Development, Kruger National Park. 

• McKenzie RS (1995) Evaluation of evaporation losses from flowing 
water. Paper presented at the 5th Natl. Hydrol. Symp. of the British 
Hydrol. Soc, Heriot Watt Univ., Edinburgh. 4-7 September. 8.11-
8.16. 

• Meier KB and Schuize RE (1995) A new spatial database for 
modelling hydrological responses within southern Africa. Proc. 7th 
Natl. S. Afr. Hydrol. Symp., IWR, Grahamstown. 

•> Meier KB and Schuize RE (1995) A new spatial database for 
modelling anticipated impacts of climate change on water resources 
within southern Africa. Paper presented at Symp. on Global 
Environmental Change: Implications for Southern Africa, Pretoria. 

• Murray E, Sami K and Hughes DA (1995) Planning water supplies for 
rural development projects. Proc. Workshop held in East London. 
May. 

• New MG and Schuize RE (1995) Hydrological sensitivity to climate 
change in the western Cape Province, South Africa. Paper presented 
at Symp. on Global Environmental Change: Implications for Southern 
Africa, Pretoria. 

• O'Callaghan M, Hurford JL, Midgley GF, Wand SJE and Schuize RE 
(1995) Modelling the potential responses of animal species to climate 
change. Paper presented at Symp. on Global Environmental Change: 
Implications for Southern Africa, Pretoria. 

8 Reader HG, Savo F, Lecler NL and Lorentz SA (1995) Time domain 
methods for soil moisture determination. Proc. IEE JCAP95 Conf., 
Publication No 407 (Eindhoven, Netherlands). 387-390. 

• Rutherford MC, O'Callaghan M, Hurford JL, Powrie LW, Schuize RE, 
Kunz RP, Davis GW, Hoffman MT and Mack F (1995) Realized niche 
spaces and functional types: A framework for prediction of 
compositional change. J. Biogeogr. 22. 

• Rutherford MG, O'Gallaghan M, Hurford JL, Powrie LW and Schuize 
RE (1995) Modelling survival of plant populations with differing 
mobility and sensitivity to climate change over real and simulated 
terrain types. Proc. Int. Congr. on Modelling and Simulation, 
Newcastle, Australia. 8 pp. 

• Sami K and Hughes DA (1995) Modelling runoff from surface-
subsurface interactions in southern Africa. Proc. 2nd Int. Conf. 
Hydrol. Processes in the Catchment, Cracow, Poland. April. 289-302. 

• Sami K, Hughes DA and Smakhtin VY (1995) The application of a 
daily surface-groundwater model to simulate low flows. Proc. 7th 5. 
Afr. Natl. Hydrol. Symp., Grahamstown. September. Available on 
World Wide Web using http://www.ru.ac.za. 

• Schuize RE (1995) Modelling small catchments design hydrology with 
the SCS-SA package. Paper presented at CDD Summer School, Yildic 
Techn. Univ., Istanbul, Turkey. 

8 Schuize RE (1995) Strategies, approaches and needs in researching 
hydrological impacts of climate change over southern Africa. Invited 
Keynote Address at Symp. on Global Environmental Change: 
Implications for Southern Africa, Pretoria. 

• Schuize RE (1995) Water use by commercial forestry. Are we asking 
the right questions and do we have answers to them? Paper 
presented at Timbermech Sustainable Forestry Seminar, 
Pietermaritzburg. 

• Schuize RE and Kunz RP (1995) Potential shifts in optimum growth 
areas of selected commercial tree species and subtropical crops in 
southern Africa due to global warming. J. Biogeogr. 22 10 pp. 

<> Schuize RE, Kunz RP and Kiker GA (1995) Potential shifts in 
agricultural production patterns in southern Africa with climate 
change. Paper presented at Symp. on Global Environmental Change: 
Implications for Southern Africa, Pretoria. 

• Schuize RE and Pike A (1995) Agrohydrological modelling as a tool 
for conflict resolution in integrated and sustainable water resources 
management. Paper presented at the Symp. of the S. Afr. Inst. of 
Agric. Eng. Pietermaritzburg. 

• Schuize RE and Pike A (1995) Hydrological impacts assessment of 
proposed afforestation in the Franklin area. ACRUcons Report to 
Venter Forestry Services, Pietermaritzburg. 28 pp. 

• Schuize RE and Pike A (1995) Reservoir yield analysis: Esidumbini 
dam. ACRUcons Report to Partners in Development CC, 
Pietermaritzburg. 13 pp and 11 pp Addendum. 

• Schuize RE and Pike A (1995) Reservoir yield analysis: Sikoto dam. 
ACRUcons Report to Partners in Development CC, Pietermaritzburg. 
12 pp. 

s Schuize RE and Pike A (1995) Water resources assessment: Ndundulu 
Service Centre, Biyela. ACRUcons Report to Hawkins, Hawkins and 
Osborn, Pietermaritzburg. 10 pp. 

• Schuize RE, Smithers JC and Lynch SD (1995) Agrohydrological 
modelling with PC-ACRU: Where from? Whats new? Where to? 
Paper presented at 7th Natl. S. Afr. Hydrol. Symp., IWR 
Grahamstown. 

o Smakhtin VY and Hughes DA (1995) A pragmatic approach to 
patching or extending daily streamflow records - Examples and 
potential value. Proc. 7th S. Afr. Natl. Hydrol. Symp., Grahamstown. 
September. Available on World Wide Web using 
http://www.ru.ac.za. 

• Smakhtin VY and Watkins DA (1995) Low flow analysis for large 
South African basins. Proc. 7th S. Afr. Natl. Hydrol. Symp., 
Grahamstown. September. Available on World Wide Web using 
http://www.ru.ac.za. 

• Smakhtin VY, Watkins DA and Hughes DA (1995) Preliminary analysis 
of low-flow characteristics of South African rivers. Water SA 21 (3) 
201-210. 

• Smithers JC, Donkin AD, Lorentz SA and Schuize RE (1995) 
Uncertainties in estimating evaporation and the water budget of a 
southern African wetland. In: Pett G (ed.) Man's Influence on 
Freshwater Ecosystems and Water Use. IAHS Publication 230 103-
112. 

• Smithers JC, Kienzle SW and Schuize RE (1995) Design flood 
estimation in the Mgeni catchment upstream of Midmar Dam. 
ACRUcons Report to Keeve Steyn Inc., Johannesburg. 23 pp. 

o Stephenson D (1995) Effect of temporal scale on erosion modelling. 
Proc. IAHR Conf. Boulder. 

• Stephenson D (1995) Factors affecting the cost of water supply to 
Gauteng. Water SA 21 (4) 275-280. 

• Stephenson D (1995) The implications of soil erosion in Southern 
Africa. Proc. Hydrol. 2000, IAHR, London. 
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• Summerton MJ and Schuize RE (1995) Modelling water use patterns 
from commercial forest plantations under irrigation. Proc. 7th A/at/. 
5. Air. Hydro!. Symp., IWR, Grahamstown. 11 pp. 

Articles and papers (1994) 

• Booysen HJ (1994) Die ontwikkeling van 'n rekenaarmodel vir 
vloedskadebepaling in die stedelike gebiede van die Republiek van 
Suid-Afrika. Referaat gelewer by IMIESA Konf., Kaapstad. 18-21 
Oktober. 

• Everson CS, Molefe GM and Hudson KH (1994) Hydrological balance 
of a montane grassland catchment in the summer rainfall area of 
South Africa. Final report to DWAF. Report FOR-DEA 722. 

• Schuize RE (1994) Comparison of observed and simulated herbage 
yield at three locations in South Africa using the primary productivity 
function in the ACRU model. Report to Potchefstroom Univ. 6 pp. 

• Schuize RE and Lynch SD (1994) A review of intrinsic agricultural 
productivity in KwaZulu-Natal: Initial approaches and results. Report 
to INR, Pietermaritzburg. 18 pp plus 14 pp Appendices. 

6 Stephenson D (1994) Realtime modelling of catchment runoff in 
Transkei. J. SAICE 36 (3) 22-24. 

• Viljoen MF and Lacewell R (1994) Computer model for flood damage 
assessment and flood control planning for an irrigation area in South 
Africa. Paper presented at American Agric. Econ. Assoc, San Diego. 
August. 

Reports (1995) 

• Hoffman JR (1995) Non-point Source Pollution in the Hennops River 
Valley. WRC Report No. 518/1/95. 

e Lotriet HH and Rooseboom A (1995) River Discharge Measurement in 
South African Rivers: The Development of Improved Measuring 
Techniques. WRC Report No. 442/2/95. 

• Rossouw J, Rooseboom A and Wessels P (1995) Laboratory 
Calibration of Compound Sharp-crested and Crump Weirs. WRC 
Report No. 442/1/95. 

• Schuize RE (1995) Hydrology and Agrohydrology: A Text to 
Accompany the ACRU 3.00 Agrohydrological Modelling System. 
WRC Report No. TT 69/95. 

• Smithers JC and Schuize RE (1995) ACRU Agrohydrological Modelling 
System: User Manual Version 3.00. WRC Report No. TT 70/95. 

Theses 

• Booysen HJ (1994) Die Ontwikkeling van 'n Rekenaarmodel vir 
Vloedskadebepaling in die Stedelike Gebiede van die Republiek van 
Suid-Afrika. M.A.-verhandeling, Univ. van die OVS. 

8 Du Plessis LA (1994) Die Ontwikkeling van Verliesfunksies en 'n 
Rekenaarmodel vir die Bepaling van Vloedskade en 
Vloedbeheerbeplanning in die Benede-Oranjeriviergebied. 
M.Sc.(Agric.)-verhandeling, Univ. van die OVS. 

• Lungair G (1995) Water Supply Tariff System. M.Sc. Thesis, Univ. of 
the Witwatersrand. 
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Conservation of water ecosystems 

Articles and papers (1995) 

• Birkhead AL and Heritage GL (1995) Techniques for evaluating river 
and reservoir sedimentation on the Sabie and Letaba river systems. 
Paper presented at 7th S. Afr. Natl. Hydrol. Symp., Grahamstown. 
September. 

• Birkhead AL, James CS and Olbrich BW (1995) Monitoring bank 
storage dynamics in the riparian zone of the Sabie River, Kruger Park. 
Water 5/4 21 (3)211-220. 

• Breen CM, Biggs H, Dent MC, Gdrgens J, O'Keeffe, J and Rogers KH 
(1995) Designing a research programme to promote river basin 
management. Paper presented at Int. Spec. Conf. on River Basin 
Management for Sustainable Development, Skukuza. 15-17 May. 

• Broadhurst L, Heritage GL, Van Niekerk AW and James CS (1995) 
Translating discharge into local hydraulic conditions on the Sabie 
River: An assessment of channel roughness. Paper presented at 7th S. 
Afr. Natl. Hydrol. Symp., Grahamstown. September. 

• Burger EJ, Du Preez HH and Van Vuren JHJ (1995) The effect of pH 
and Al on the haematology and osmoregulation of freshwater fish 
Oreochromis mossambicus. Abstract: ZSSA and SASAQS Symp. 27-30 
June. 

• Chutter FM (1995) The role of aquatic organisms in the management 
of river basins for sustainable utilisation. In: Proc. IAWQ/WISA Int. 
Spec. Conf. on River Basin Management for Sustainable 
Development. Vol 2 Paper 43. 

• Dallas HF (1995) An evaluation of SASS as a tool for the rapid 
bioassessment of water quality. Paper presented at the SASAQS/Zool. 
Soc. Congr., Grahamstown. July. 

• Day JA, Dallas HF and Wackernagel A (1995) Regionalisation of rivers 
using water quality. Paper presented at the SASAQS/Zool. Soc. 
Congr., Grahamstown. July. 

6 Day JA and King JM (1995) Geographical patterns, and their origins, 
in the dominance of major ions in South African rivers. S. Afr. J. Sci. 
91 299-306. 

• Donald PD, Van Niekerk AW and James CS (1995) GIS modelling of 
sediment yields in semi-arid environments. Paper presented at 7th S. 
Afr. Natl. Hydrol. Symp., Grahamstown. September. 

s Goetsch P-A and Palmer CG (1995) Salinity tolerances of selected 
macroinvertebrates of the Sabie River, Kruger National Park, South 
Africa. Paper presented at 5th SETAC Europe Congr., Copenhagen, 
Denmark. 24-28 June. 

• Goetsch P-A, Palmer CG and Rouhani QA (1995) The survival of 
Sabie River macroinvertebrates in Selati River water. Paper presented 
at Joint Symp. of the ZSSA and SASAQS, Grahamstown. 27-30 June. 

• Heritage GL and Van Niekerk AW (1995) Drought conditions and 
sediment transport in the Sabie River. Koedoe 38 (2) 1-10. 

• Heritage GL, Van Niekerk AW, Moon BP and Kapur K (1995) The 
influence of flow regime on the geomorphology of the Sabie River. 
Paper presented at 7th S. Afr. Natl. Hydrol. Symp., Grahamstown. 
September. 

• Heymans JJ and Baird D (1995) Energy flow in the Kromme estuarine 
ecosystems, St Francis Bay, South Africa. Estuarine, Coastal and Shell 
Sci. 41 39-59. 



• Jewitt GPW and Gorgens AHM (1995) Integration of multi-
disciplinary predictive tools for management of the rivers of the 
Kruger National Park, South Africa. Paper presented at SANCIAHS 
Natl. Hydrol. Symp., Grahamstown. 4-6 September. 

• King J (1995) Critical assessment of the instream flow incremental 
methodology. Proc. Workshop on the Hydraulics of Physical Biotopes 
- Terminology, Inventory and Calibration, Citrusdal. February. 

• King J (1995) Environmental flows and river classification in South 
Africa. Proc. Workshop on Decision Support Systems for the Murray-
Darling Basin Commission, Canberra, Australia. June. 

• King J (1995) Integrating ecology and hydrology in South African 
instream flow assessments. Abstract: Proc. Queensland Hydrol. 
Symp., Brisbane, Australia. July. 

• King J (1995) The effects of soil erosion on river ecosystems. 
Extended abstract: Proc. WRC Workshop on The Interrelationship 
Between Soil Erosion, Sediment Transport and the Living 
Environment, Pretoria. November. 

• King J (1995) The use of hydraulic modelling of physical biotopes in 
South African instream flow assessments. Proc. Workshop on the 
Hydraulics of Physical Biotopes - Terminology, Inventory and 
Calibration, Citrusdal. February. 

• King JM, Gorgens AHM and Hollands JR (1995) In search of 
ecologically relevant low flows in Western Cape streams. Paper 
presented at SANCIAHS Natl. Hydrol. Symp., Grahamstown. 4-6 
September. 

• King J and Louw D (1994-1995) Assessment of the instream flow 
requirements of rivers using the building block methodology. 
Standard paper in starter documents for all Instream Flow workshops 
organised by the Department of Water Affairs and Forestry. 

• King J and Louw D (1995) Development and use of the building 
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