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Mission statement

To contribute effectively to the best possible quality of life for the
people of South Africa, by promoting water research and the
application of research findings.

Therefore, the WRC endeavours dynamically and purposefully to:

* Promote co-ordination, communication and co-operation in the
field of water research

Establish water research needs and priorities

Fund water research on a priority basis

Promote effective transfer of information and technology.
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The year under review

The multidisciplinary
approach to water research is
evidenced by the variety of
research areas supported by the
Water Research Commission
(WRC). The research fields and
allocation of funds to the
various areas for 1993 are
reflected in the accompanying
bar chart.

Allocation of funds (%)
to the various areas
during 1993

Hydrometeorology
Rainfall stimulation
Surface hvdrology
Groundwater
Agricultiral water utifisation
Water pollution
Municipal effluents
Industrial effluents
Drinking water
Membrane technology
Water ecosystems
Developing conununities
Mine water

General

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 responsible for the
research are listed, as well as the
extent of their involvement:

Research Secior Number of Yo

times involved

Universities 138 51
CSIR 33 20
Consulting engineers 27 g
Governnient departinents i
Local authorities 7 3
Water boards fi 4
Private companies 10 4
Cther orpanisations 20 7
Toral 268 100
I

From the figures it is evident that
universities are invelved in 51% of
the total number of contracts. The
number of times that organisations are
involved, namely 268, exceeds the
number of projects supported, for the
reason that more than one organisa-
tion is, in certain cases, involved in
the execution of a project. In 1993 the
WRC financially supported 243
projects at a budgeted amount of
R39 107 062.

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

» The South African Water Informa-
tion Centre (SAWIC)

+ 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.

2,56%
8,97%
15,98%
8,45%
10,08%
7,34%
5.80%
6,25%
9,65%
5,18%
7,82%
6,04%
4,17%
LiI%



Urban sanitation
evaluation

The provision of water and sanitation
services to the rapidly expanding
urban areas in South Africa is a great
challenge facing the country. Unfor-
tunately our understanding of the
options available for doing this is lim-
ited. In order to assist in improving
this understanding, the WRC is fund-
ing a range of related projects. An
important project in this category,
completed during the year, was
Technical, Socio-economic and
Environmental Evaluation of
Sanitation for Developing Urban
Areas in South Africa (Project No
385).

The project, carried out by the
Palmer Development Group, in asso-
ciation with the Water Research
Group at the University of Cape
Town, was structured in 3 phases:

Phase I;

A review of international practice
in the field of sanitation, and a
review of the current situation
with sanitation in South Africa
(including the TBVC states). This
included for each region in the
country, a survey of urban areas
to determine who has access to
adequate sanitation, what types of
system are being used, and how
sanitation systems are funded and
managed. Questionnaires and
interviews were used as tools to
collate the information.

Phase II:

Various key issues in the imple-
mentation of sanitation projects
were identified and studied in a
series of case studies. The most
used sanitation systems were also
evaluated in terms of their cost,
acceptance by communities, ease
of construction and operation, and
environmental impact.
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The provision of water and

sanitation services to the

rapidly expanding urban

areas in South Africa is a

great challenge facing the

country

Phase IlI:

The key findings of Phases I and
IT were summarised in a report
and presented to professionals and
other interested parties in the
sanitation and water sectors at a
series of 6 workshops around the
country. On the basis of the work
completed and inputs received
during the workshops, a draft set
of guidelines for the implementa-
tion of sanitation projects was
developed and key areas for
action in the sanitation sector
identified.

Sanitation fact-finding
mission to Zambia

Very little experience exists locally
regarding the long-term functional
performance of many of the sanitation
systems being installed today. During
the early 1960z, a number of so-called
self-topping aqua privy schemes had
been installed in Zambia, and as these
represent possibly the longest existing
system of this type in the world, a
mission, initiated and led by the
WRC, visited Lusaka, Mazabuka,
Kafue and Kabwe (Broken Hill).

It was found that while some sys-
tems had totally collapsed and were in
total disrepair, other similar systems
were stiil functioning perfectly.
Simpie and seemingly insignificant
maintenance tasks being carried out
timeously, appeared to have made the
difference between success and fail-
ure.

Considerable experience was
gained during the visit and the pitfalls
to be avoided, cleariy identified.

WRC scholarships for
post-graduate training in
water-related sciences

In 1993 the WRC decided to award 2
scholarships annually for the purpose
of stimulating post-graduate training
in water-related sciences. The scholar-
ships will be awarded for a period of
2 years subject to certain conditions.
The WRC every year will identify a
specific field of water activity expe-
riencing a need for trained manpower,
For the relevant year the scholarships
will be available for study in the field
of activity identified.

The reason for this involvement
was that research organisations often
experienced problems in finding
researchers with a suitable back-
ground to participate in WRC pro-
jects. Pointing out such research areas
and promoting post-graduate training,
will eventually benefit the research
effort. At the same time a contribution
will be made towards developing spe-
cialised areas of expertise.

Water ecosystems was the first field
of activity identified, and the first
recipients of the WRC scholarships
for study during 1994 and 1995 are:

+ Ms MC Uys for study at Rhodes
University

» Mr S Pillay for study at the
University of Zululand.

Workshop on technology
transfer

Technology transfer (TT), i.e. the
implementation of successful research
results, is of primary importance to
the WRC. For this reason the WRC
has heavily stressed this facet of its
research support over the years. Much
experience has been gained and it has
become clear that TT is a complex
process and that there is no magic for-
mula for success, One principle that
has come strongly to the fore is the
important role which is often played
by the researcher himself in the
process.

In order to evaluate the TT strate-
gies which have been taken by the



WRC to date - successes and failures -
the WRC arranged a workshop in
December which was attended by a
selection of research leaders (mainly
from universities). The objectives of
the session were to develop, by criti-
cally examining the past, proposals
for improving TT strategies; to im-
press upon the research community
that TT is necessary; and to expose
researchers from variocus disciplines
and problem areas to TT approaches
in other disciplines and problem areas.

Future direction of the
South African Water
Information Centre
(SAWIC)

A workshop on the future direction to
be taken by SAWIC was held in June.
Some 21 participants took part i the
proceedings. Presentations ranged
from The Role of Research Support
Services in the Mission of the WRC
and The Role of Bibliographic
Information in the Water Research
Environment, to Emerging Tech-
nologies in the Information Field.

A number of major issues were
identified by the participants as
requiring further investigation. These
will be taken up by lask groups. the
results of which will help shape the
future of the Centre. The main conclu-
sion reached by the workshop was
that SAWIC is essential to the activi-
ties of the South African water com-
munity and that its continuation into
the future should be strongly support-
ed.

Co-ordination of mining-
related water research

The impact of mining activities on the
water environment is mostly diffuse
by nature and difficult to control. The
authorities therefore only fairly
recently started paying attention to
regulating the problem. Joint initia-
tives are now being taken by the
industry and the authorities to guanti-
Py the impact and to combat its effect
on the environment.

The WRC has substantially

increased its funding of

mining-related research

This situation has created a need to
co-ordinate mining-related research
separately from other research fields.
The WRC therefore established a Co-
ordinating Committee comprising rep-
resentatives of the mining industry,
interested authorities, specialist
researchers and the WRC, Research
objectives were identified during the
first meeting held in October, and
thereafter prioritised during a work-
shop held in November. The priorities
agreed on are as follows, in order of
priority:

* Development of new technology to
combat water pollution due to min-
ing activities

* Determination of water consump-
tion by mining

+ Determination of the impact of
mining on water quality

+ Evaluation of economic, socio-
political and regulatory issues
which affect water sources

« Definition of the best available
technology not entailing excessive
cost (BATNEEC).

Research on mining
pollution expanded

In recognition of the nining indus-
try's endeavours to curb the impact of
its gold and coal mining activities on
the water environment, and tc reduce
its consumption of fresh water, the
WRC has lately increased its research
funding in this area.

To enable the mining industry to
comply with the Department of Water
Affairs’ policy of receiving-water
quality objectives. various relevant
reseqrch projects have been launched
by the WRC. These include research
on the development of an integrated
and generic waier quality simulation

model for open-cast coal mining water

circuits and the prediction of pollution
levels from coarse sulphide rock

materials, Moreover, as the industry
comprises a large number of indepen-
dent mines experiencing different
water management problems, a survey
of the current water manpagement and
treatment procedures in the SA gold
and coal mining industries has been
mitiated to establish the BATNEEC.
Design aspects of covers for the re-
habilitation of open-cast mines and
waste dumps are also being addressed.

The rapid assessment of
in-stream water quality

A technique for the rapid assessment
of in-stream water quality was devel-
oped and refined by the CSIR’s
Division for Water Technology. The
technique makes use of the inverte-
brate fauna in a stream and is now
ready to be applied on a country-wide
basis.

A special workshop was arranged
te familiarise prospective users with
the technique. It is important that
users share the same understanding of
the technique, to ensure comparable
resuits between different users. It also
provided an opportunity to access the
best available information. in order to
effect modifications which would
facilitate the application of the tech-
nigue.



Biological testing of water
quality

In addition to heavy metals which
may be released into the water envi-
ronment, there are also an increasing
number of xenobiotic compounds
which are poiential poliutants. The
number of compounds to be tested
for, and the cost per analysis, make it
impossible to determine water quality
by chemical means alone, and biologi-
cal tests are therefore increasingly
being used.

The WRC supports a number of
projects aimed at the development and
evaluation of such biological tests.
During the course of the research it
became apparent that there was a need
for a suitable forum where people,
active in the field of biological test-
ing, could establish contact and dis-
cuss their work. The foram would
also serve a co-ordinating function in
this new field. The concept was tested
at a special workshop, which resulted
in the establishment of an Interest
Group which would meet in open
forum, e.g. at the conferences of
appropriate scientific societies.

@

The Water Research Group of

the University of Cape Town

has developed a hypothesis

which explains the cause of

bulking sludges at nutrient

removal activated sludge plants

Sludge bulking in nutrient
removal plants

In a series of projects sponsored by
the WRC, the Water Research Group,
University of Cape Town, developed
a hypothesis which explains the cause
of bulking sludges at nutrient removal
activated sludge plants. If confirmed,
this should lead to practical strategies
for bulking control with considerable
beneficial impact on the quality of
effluent produced and the cost and
ease of plant operation.

This hypothesis is based on the
theory that the floc-forming bacteria
denitrify from NO, to N, while the
filamentous bacteria only denitrify
from NO; to NO,. The less oxidised

forms of NQy, particularly NO, inhi-
bit cell metabolism. It is the inhibitory
effect of the accumulated intermediate
denitrification compounds within the
cells of the floc-formers, which gives
the filamentous bacteria the competi-
tive edge in nutrient removal activated
sludge plants.

A new WRC funded project was
initiated during 1993 to investigate
the hypothesis and to develop appro-
priate bulking control straiegies.

Algal toxins

It has been known since the 1880s
that blooms of cyanobacteria (blue-
green algae) can produce potentially
lethal toxins. However, research on
toxic algae had not been considered
very important in the past, as the
occurrence of toxic algae was general-
ly perceived to be a rare event. How-
ever, with increasing enrichment of
the water environment, there is now a
renewed interest in algal toxins. Ex-
perts now hold the view that when a
bloom of blue-green algae occurs, one
must assume it to be toxic, unless
proven otherwise.

Mr T Lakay (Warer Research Group,
UCT} in front of the experimental unit in
which the hypothesis on the causes of
sludge buiking is being verified
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Dr M7 Pieterse (WRC) with Prof GA Codd (University of Dundee, Scotland} and Dr B Rae
(Umgeni Water) at the Algal Toxin Workshop held in Durban




Against this background the WRC
entered into an agreement with Umgeni
Water and the CSIR’s Division of
Water Technology, to assess the seri-
ousness of the problem in South Africa,
to develop sensitive detection methods
for these toxins. to estimate the survival
of toxins in water afier destruction or
decomposition of algae, and to plan and
design for remedial action.

As a further initiative, a workshop on
algal toxins was held in Durban during
May 1993, under the auspices of the
WRC and Umgeni Water. The objec-
tives were to address the magnitude of
the preblem in South Africa; to evalu-
ate present and previous research; and
to look at research needs and priorities,
taking due cognizance of overseas
work. Prof G A Codd, Head of the
Department of Biological Sciences,
University of Dundee, Scotland, partici-
pated in the workshop as guest speaker.

Algae in drinking water:
Overseas co-operation

Co-operative research has been brought
about between the well-known German
research group of the Walinbachtal
Sperrenverband near Bonn, and the
Department of Botany and Genetics of
the University of the OFS (UQFS)
which is being suppoerted by the WRC

Co-operative research has

been brought about between the

well-known German research

group of the Wahnbachtal

Sperrenverband rear Bonn,

and the Department of Botany

and Genetics of the University
of the OFS

for research on the removal of algae
from drinking water. This co-opera-
tive research was officially launched
with the first study visit of one of the
German scieutists, Mr Helmut Schell.
Mr Schell and Prof AIH Pieterse of
the UOFS collaborated for a period of
3 weeks on the finer aspects of algae
remnoval in drinking-water treatment.
This was a follow-up visit on Prof
Pieterse’s 3-week visit to Wahnbach-
tal in 1992. During that visit the
German team benefited greatly from
the considerable fund of knowiedge
accumulated by Prof Pieterse and his
team,

Continued collaboration will take
the form of a further visit to the
UOFS by a German algologist, DrJ
Clasen, followed by a visit to
Germany by Prof Pieterse.

M H Schell of the Wahnbachtal Spenenverband near Bonn (left) and Prof AJH Picterse
(UOFS) (right} next to the test appearatis used for drinking-water treatment tests in

Germany and South Africa

Design guide for dissolved
air flotation

A South African guide for the design
of dissolved air flotation (DAF) water
treatment processes has recently been
published by the WRC. The guide
was compiled by the consulting engi-
neering firms GFJ Inc. and Bergman
and Partners.

The guide covers both potable
water treatment and thickening of
sewage sludges, and was based on a
country-wide survey and available
international literature. Recently, this
design guide was accepted by the
Scientific and Technical Research
Programme of the International Asso-
ciation on Water Quality (JAWQ} as a
role model for an international ver-
sion. This design guide will fill a
pressing need since, internationally,
there is currently very little detailed
design informiation available on DAF,

Novel method for phos-
phate removal

A demonstration of the “Catphate”
process for the removal of dissolved
orthophosphates from sewage
effluents was arranged at the Daspoort
Water Treatment Works, Pretoria,
during August 1993.

The process, originated by WUST
Consultants uses scrap iron shavings
in a rotating vessel to transform dis-
solved orthophosphate into precipi-
tated ferric phosphate, which may
then be removed by conventional fil-
tration. The process was evaluated by
the CSIR’s Division of Water Tech-
nology over a period of several years.
Consistent removal of low levels of
phosphates was achieved over pro-
longed periods, covering both winter
and summer climatic conditions.
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Membrane technology:
Master Plan for Research
and Development (R&D)

During recent years it became obvious
that there was an urgent need to co-
ordinate and rationalise membrane
research and development in the water
field.

In order to address this need, the
WRC conducted a 2-day workshop
during June 1993, to develop a strate-
gic plan for membrane research in
South Africa. The overall aim of this
plan is to establish research needs and
pricrities for the optimal development
and exploitation of synthetic mem-
branes in the water field. The areas of
application were limited to potable
water and industrial and municipal
waste water.

Representatives from 12 major
role-playing organisations attended
the workshop, where a general viston
of the future for membrane R&D
emerged and a mission statement was
generated. This was followed by a
strategic analysis of the current mem-
brane R&D situation in the country. A
small working group will finalise the
Master Plan,

During recent years it became

obvious that there was an

urgent need to co-ordinate

and rationalise membrane

research and development
in the water field

Application of membrane
technology

The treatiment of brackish water to
potable water standards along the
Cape west coast, has been successful-
Iy achieved by a local membrane
manufacturer, Membratek {Pty}y Lid.
At present, several villages and
small, isolated communities are totally
dependent for their drinking water on
the application of tubular reverse
osmosis {RO} technology, developed
for the WRC by the Institute for
Polymer Science (IPS), University of
Stellenbosch. A mobile desalination
plant presently serves 3 small commu-
nities, whilst a further 3 fixed units
are operating in the Bitterfontein area.

A visit by WRC members to Bitterfontein potable water desalination plant on 16 November
1993, In front of the reverse osmosis unif are, from left: Mr 'V Bath {Rond Water),
Dr R Sanderson (University of Stellenbosch), Prof P Tyson (Wits Universiry} and

Mr D Nel (Membratek)
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Membratek aiso accepted for appli-
cation, the latest capillary membrane
technelogy, developed by the IPS
with extensive WRC funding.

Guide for the marine dis-
posal of effluents through
pipelines

Several South Aftican coastal com-
munities currently discharge their
domestic and industrial effluents into
the sea. Population and attendant
industrial growth, the often limited
space available for conventional
sewage treatment facilities and the
inherent economic advantages, render
the marine disposal option increasing-
ly attractive to other coastal agencies,

Marine disposal systems must be
designed to ensure that, even under
the most adverse oceanographic con-
ditions, the resultant chemical, biolo-
gical, bacteriological and physical
impacts do not adversely affect the
marine environment or its designated
end uses. To this end, the Guide for
the Marine Disposal of Effluents
through Pipelines was compiled and
incorporates inputs from the CSIR,
the Departments of Water Affairs and
Forestry and Constitutional Develop-
ment and Planning, the Sea Fisheries
Research Institute and other experts in
the field.

The Guide is not a design manual,
but the technical information provided
will benefit those considering the
marine disposal option and those
engaged in the planning, design and
operation of outfall sewers.
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Guidelines for water and
effluent management in
industry

The need for guidelines to assist
industry in reducing its water intake
and managing its waste-water disposal
as effectively as possible, is of nation-
al concern in South Africa, in view of
the country’s water scarcity and the
growing deterioration in the quality of
available water supplies. To establish
norms for water and waste-water
management the WRC, in collabora-
tion with the Department of Water
Affairs, contracted a firm of consuit-
ing engineers, SRK (CE) Inc. to
undertake a National Industrial Water
and Waste-water Survey (NATSURV)
of all classes of industry.

As an outflow of NATSURYV, 14
different guides were published, each
of which focusing on water and
waste-water management in a diffe-
rent industrial category. The final 2
guides in the series have now been
published: NATSURYV 13 deals with
the Textile Industry, and NATSURV
14 with the Wine Industiy.

A Guide to Water and Waste-water
Management in the Poultry Abatioir
fridustry has aiso been released by the
WRC. This guide is based on a sepa-
rate investigation, also carried out by
SRK. A surprising fact which
emerged from the research, was the
great variation in water consumptien
by different poultry abattoirs, in spite
of the fact that all have to comply
with the same meat hygiene regula-
tions. The report deals with several
simple techniques that can be vsed to
reduce the pollutant load and hence
the cost of treatment.

Water metering

During the year the WRC coilabora-
ted with Kent Measurement in 3
warkshops on fluid flow measure-
ment, in order to transfer the state-of-
the-art to representatives from various
sectors of the water industry. The
workshops were held in Cape Town,
Durban and Johannesburg and were
conducted by Dr Richard Furness.
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The concept of a water

resources development game

was introduced to highlight

some of the ecological

problems faced when water

resources are developed

Business Director of ABB Kent-
Taylor, based in the UK. The work-
shops were well attended, in spite of a
very short lead time - in Johannesburg
the attendance was almost 150.

Dr Furness, inter alia, presented his
views on developments over the next
20 years. He predicted that non-con-
tact measuring is likely to become
more prominent and that the water
meter, as known today, will most like-
ly disappear.

Revised design runoff
manual

Techniques developed by the USA
Department of Agriculture’s Soil
Conservation Service {SCS) for the
estimation of design flood volume and
peak discharge from small catchments
(<30 km?} were adapted in 1979 for
use in Southern Africa, by the Agri-
cuitural Catchment Research Unit
(ACRL) of the University of Natal,
Based on extensive research and im-
proved data bases, an updated version
of the SCS design manuals was pro-
duced in 1987. By 1991 when more
than 1 000 copies of these manuals
had already been distributed, it was
decided that a computerised update
was necessary. This work was also
undertaken by ACRU.

The updated manual consists of an
80-page user manual and a user-
friendly software package for PC/
DQS environments. The latest South
African soil classification systemn has
been incorporated. The manual
includes several worked examples and
should prove extremely vseful for a
wide variety of practitioners.

Australian experts advise
on ecohydrology and low-
flow hydrology

During February, Prof Tom
McMahon, a hydrologist, and Dr
Brian Finlayson, a geomorphologist -
both from the University of Mel-
bourne, Australia - visited South
Africa and participated in a seminar
on ecohydrology and a workshop on
low-flow hydrology.

During the seminar the concept of a
water resources development game
was introduced to highlight some of
the ecological problems faced when
water resources are developed. The
approach was useful to bridge some of
the gaps between hydrologists, water
engineers and aquatic ecologists and
ceriainly wacrants follow-up in a typi-
cal South African contexl.

The workshop resulted in some
umportant recommendations. It was
generally agreed that continuous daily
hydrographs ave needed to charac-
terise South African rivers, although
correlations with traditional monthly
flows remain important. Prof
McMahon, in particular, has consider-
able experience with low-flow hydro-
logy in Australia and made valuable
inputs to the South African work.

Master Plan for research
on hydrometeorology

The strategic research plan of the Co-
ordinating Commiitee for Research on
Hydrometeorclogy (CCRH) was
tabled and accepted by the WRC in
May. It was revised and updated in
October.

According to the plan, the overall
goal of hydrometeorological research
is to acquire an adequate understan-
ding of the ways in which atmosphe-
ric and related processes influence the
amount and variability of the national
water supply, so that water manage-
ment procedures can be improved and
the potential for angmentation asses-

“sed. Of the 4 primary goals contribut-

ing towards the overall goal. the two
which currently command the most
attention are (a) to develop an ade-
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quate understanding of spatial and
temporal characteristics of precipita-
tion and other potential atmospheric
sources of water for Southern Africa;
and (b) to develop weather and cli-
mate forecasting tools needed for bet-
ter management and more effective
utilisation of Southern Africa’s water
resousrces. Good progress with respect
to (a) over recent years has resulted in
a gradual shift in emphasis from (a) to

(b).

Weather modification:
Planning of an areal rain-
Jall enhancement experi-
ment

During 1993, the WRC took the deci-
ston to immediately initiate the plan-
ning of an areal rainfall experiment,
This will possibly be the final phase
of the WR(Cs support for weather
modification research. The decision is
based on positive research findings
and the need to demonstrate the prac-
tical relevance and usefulness of the
research in the water resources con-
text. It is expected that, in the time
required to plan the area experiment,
continued good progress in research
on the modification of individual con-
vective storms would provide the final

Areal rainfall data, needed to

enable the use of distributed

hydrological models for runoff

and flood forecasting, cannot

be satisfactorily estimated

from point (vain-gauge)

measurements

justification for implementation of the
planned experiment.

To stand any chance of success the
experiment, which will be the first
serious attempt in South Africa to
increase rainfall in an area, will have
te gain the general acceptance of the
community. Experience has shown
that there are often differences and
conflicting interests in a community
which first have to be resolved.
Furthermore, as the major objective of
the technology to be tested is to har-
vest more water on the ground for the
benefit of water resources, agriculture
and forestry, without detriment to the
environment, the experiment will also
have to enjoy the support and involve-
ment of all interested and affected
parties. Representatives of communi-
ties and all affected sectors will, from
the beginning, be drawn inte the plan-

A .44k =

Electron microscope photograph of a KCl particle released from a burning hygroscopic

cloud-seeding flare
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ning process, one of the aims of
which will be to objectively select the
most appropriate experimental area.

A series of planning workshops
which will involve a planning team
and all major role-players has already
commenced.

New hydrometeorological
radar research facility for
South Africa

Weather radar presents the only viable
means of studying many of the con-
vective cloud processes responsible
for the major portion of South
Africa’s summer rainfall, and also of
directly measuring spatially distrib-
uted (areal} rainfall. Areal rainfall
data, needed to enable the use of dis-
tributed hydrological models for
runoff and flood forecasting, especial-
Iy in small and medium-sized catch-
ments, cannot be satisfactorily esti-
mated from point (rain-gauge) mea-
surements. In order to do so, the rain-
gauge density would have to be
unrealistically large.

The beneficial use of radar in South
Africa for applicatiens such as these,
has thus far been hampered by the
lack of a suitable radar facility for
research and training. To fill this gap,
the WRC decided to purchase a dual
wavelength (10 cm and 3 cm), mobile
radar of Russian manufacture. This
research radar will initially be instal-
led at Bethlehem. It will be integrated
into the Weather Bureau’s precipita-
tion research programme, but will also
be at the disposal of researchers at the
Department of Water Affairs and
Forestry, the University of Pretoria
and any other organisation which
undertakes appropriate research, A
management committee will assist the
WRC in ensuring that the facility is
used optimally.

The contract for the purchase of the
radar was signed in October during a
visit to South Africa by senior repre-
sentatives of the Russian manufactu-
rers.



“Africa needs Ground-
water” convention

The Africa needs Groundwater con-
vention was held in Johannesburg,
September 1993, Over 200 delegates
from 10 African countries and from
Europe, Australia and the USA atten-
ded the convention, which focused on
groundwater issues of particular rele-
vance to the African Continent.
Twelve papers reporting on WRC-
funded research were presented,
attracting considerable interest from
the delegates.

The convention paved the way for
closer ties with the International
Association of Hydrologists and
resulted in a proposal for the forma-
tion of a Hydrogeological Association
of Africa. These initiatives will ensure
the transfer of technology in the field
of hydrogeology between South
Africa and the rest of Africa and will
be of considerable benefit to local
groundwater researchers and practi-
tioners.

Protection of groundwater
resources

In December 1992, the National
Rivers Authority (NRA) in the UK
published the landmark document
Policy and Practice for the FProtection
of Groundwater. Dr Andrew Skinner
of the NRA, one of the principal
authors of the document, recently vis-
ited South Africa at the invitation of
the Groundwater Division of the
Geological Society. Apart from deli-
vering the opening address at the
Africa needs Groundwater conven-
tion, Dr Skinner participated in a
number of discussion groups on the
topic of preparing a groundwater pro-
tection policy and strategy for South
Africa.

The WRC has launched a number
of research projects, and is actively
pursuing new initiatives, t¢ support
the development of such a protection
strategy. The role of public education
and participation in such a process is
deemed to be crucial to success. Mr
Andrew Stone of the American

0
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and participation is deemed

to be crucial to success in

protecting groundwater

Groundwater Trust provided guidance
on the involvement of the public in
the process, at 2 workshops held in
January this vear. The workshops con-
cluded that the most effective way of
protecting groundwater in South
Africa, is te encourage its use.

Hydrogeological mapping

Mr Gerry Jacobson, principal
researcher of the Australian Geo-
logical Survey QOrganisation and co-
author of the National Hydrogeologi-
cal Map of Australia, recently visited
South Africa as a guest of the WRC.
During his visit he participated in
both the national and regional map-
ping programmes, meeting with a
number of [ocal researchers in the
field.

Australia has made great advances
in the use of geographical information
systems and automated cartography in
the compilation of hydrogeological

maps. As such, their approach serves
as a “made]” for the South African
map series,

Mr Facobson’s visit was very time-
Iy in that the projects on the prepara-
tion of the national and pilot regional-
scale maps, which are being funded
by the WRC, are drawing to a close.
His input was consequently focused
on these and his strong support of
local approaches provided conside-
rable encouragement to South African
map compilers.

Computer programs for a
flood-warning system

As was reported in 1992 the WRC
entered into an agreement with a con-
sortium of consulting engineers
known as (ood consultants, for the
development of a flood advisory ser-
vice. Arising from this, the WRC
entered into an agreement with the
Department of Civil Engineering at
the University of Pretoria in 1993 for
the further development of computer
programs for a flood-warning system.

The programs are designed to be
part of a permanent flood-warning
system and are not suitable for use on
an ad hoc basis solely in the event of
flood situations.

Publication of and training in the

-

Seen at the Africa needs Groundwater convention were, from lefi: Prof FDI Hodgson
{UOFS), Mr AG Reynders (WRC) Mr (7 Jacobson (Anstralian Geological Survey

Organisation) and Praf JOG Kirchuer (HOFS)

15




use of the programs will represent a
rounding-off phase. Should flood
situations arise in the mean time, the
programs have been made available to
the following organisations for tes-
ting:

» Johannesburg Civic Protection
Organisation

+ Umgeni Water

+ Bloemfontein office of the Depart-
ment of Water Affairs and Forestry.

Smallholder irrigation

Awvailable resources for smallholder
irrigation development, such as capi-
tal, land and especially water, are lim-
ited. South Africa cannot afford to
make these resources available with-
out confidence in long-term success
and self sufficiency in the develop-
ment of such resources. In order to
investigate the potential role of a par-
ticipative approach in smallholder irri-
gation development, a wotkshop was
held which included inter alia visits
to smallholder developments in
KaNgwane in the Eastern Transvaal.
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Available resources for small-

holder irrigation development,

such as capital, land and

especially water, are limited

The workshop was organised and
funded by the Development Bank of
Southern Africa, the South African
Sugar Association and the WRC. It
was attended by developers, consul-
tants, managers, researchers, farmers
and a number of overseas experts.
One of these, Dr Jean-Claude
Legoupil (then Regional Representa-
tive of the International Irrigation
Management Institute for West-
Africa) attended the workshop as con-
sultant to the WRC. He has conside-
rable experience of irrigation develop-
ment projects in North and West
Africa.

The main purpose of the workshop
was to confirm experience elsewhere
about the validity of, and justification
for, a participative approach in the
development and management of irri-

A minor flood in the Jukskei River ot Alexandra Township, Johannesburg, 6 October 1993,
after 85 mm of rain had fallen over a period of 6 days
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gation projects - an approach little
applied in South Africa in the past. It
was also envisaged that guidelines
{based purely on South African expe-
rience} would then be jointly formu-
lated on how to implement this ap-
proach for irrigation project planning,
implementation and management.

By and large the workshop
endorsed the participative appreach,
formulated guidelines and emphasised
the importance of community/indivi-
dual participation.

Manual for irrigation
planning in developing
areas

The Working Group on Agricultural
Resources and Soil Utilisation of the
Secretariat of the Economic Commu-
nity of Southern Africa (SECOSAF)
awarded a high priority to the plan-
ning of irrigation development in
developing areas. A multi-disciplinary
task group consequently compiled a
docurmnent titled A Manual for Irri-
gation Planning in Developing Areas
which ought largely to meet the
requirements of planners,

Paralle] to the above need the mas-
ter plan for irrigation research of the
WRC’s Co-ordinating Committee for
Irrigation Research also identified
“refining of planning methods for the
optimisation of irrigation develop-
ment” as of the highest priority.
Against this background the WRC in
collaboration with SECOSAF and the
Development Bank of Southern
Africa, funded the publication of the
above manual. The WRC views this
contribution as an input to technology
transfer which will benefit developing
agriculture,



Reduction of irrigation
return flow

Measures to improve the efficiency of
irrigation normally also result in a
reduction in drainage losses, Conse-
quently improved irrigation efficiency
will also combat the salinisation of
rivers which is associated with irriga-
tion.

The Breé River, being one of South
Africa’s severely salinised rivers, be-
came the subject of an evaluation of
the design and operation of irrigation
systems along the river with a view to
controlling potential drainage losses.
The firm MBB Inc. undertock the
evaluation. The standard of irrigation
design appeared to be high and should
enable farmers to irrigate in a manner
such as to contain drainage losses.
With only a few exceptions, however,
over-irrigation was observed in gener-
al with concomitant high drainage
losses and low water utilisation efti-
ciency.

The least drainage occurred in the
cases of drip irrigation, followed by
micro- and sprinkler irrigation. Sub-
sequent conversations with partici-
pating farmers brought to light the
fact that in general a low level of
theoretical knowledge exists cancer-
ning irrigation scheduling and that
irrigation largely takes place in accor-
dance with own experience. A follow-
up project is envisaged to ascertain to
what extent incentives and other
measures can enhance irrigation effi-
ciency.

Irrigation management
services

The WRC has contributed substantial-
Iy over many years {o research into
soil-plant-atmosphere-water relation-
ships and irrigation scheduling. The
research findings have over many
years been effectively synthesised in
the form of crop growth models.
However. these develepments have
been slow o benefit the majority of
irrigators as the challenge of packa-
ging this information into an easily
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grasped technology, has proved a
daunting task.

Research is now concentrating on
optimising the use of PC modelling
and automatic weather stations in pro-
mioting effective irrigation. Individual
farmers, irrigation boards, advisers
and potential consultants and
researchers are collaborating in this
research. The objective is to establish
how beneficial the technology is in
terms of increased efficiency, how
acceptable it is to vsers, and how
viable commercial irrigation manage-
ment services based on the technology
might be. Such services should enable
subscribing farmers to share fully in
the benefits of advances in irrigation
technology.

Liaison with irrigation
authorities in Kenya

During 1992 the WRC made contact
with the National Irrigation Board
(NIB) of Kenya with a view to inves-
tigating irrigation practices in that
country, especially with respect to the
management, use and design of irriga-
tion systems. Subsequent to this con-
tact Messrs B Bargoria (General
Manager of the NIB), S Gitonga
(Deputy General Manager of the NIB)
and W Njoroge (Deputy Permanent
Secretary of the Kenyan Department
of Rural Water Supply) in 1993 visit-
ed the WRC and a number of local
organisations concerned with irriga-
tion for developing communities.

The conclusion arrived at after this
visit was that in view of the experi-
ence gained in Kenya on irrigation
under developing conditions, taken in
conjunction with local irrigation
research financed by the WRC, oppor-
tunities existed for mutual co-opera-
tien between the irrigation set-up of
Kenya and that of South Africa. By
expanding the current liaison, mutual
inputs are sure to be to the advantage
of irrigation in the African context.

A number of Kenyan irvigation officials recently paid South Africa an exploraiory visit as
guests of the WRC. From left: Mr W Njoroge (Kenyvan Deparnment of Rural Water Suppfy),
Mr DS van der Merwve (WRC) and Messrs § Gitonga and B Bargovia (National Irrigation

Board, Kenva)
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Hydrometeorology

R ainfall deficits over the past year
have once again impacted seriously
on water resources and served to
underline Southern Africa’s sensitivi-
ty, in this regard, to climatic variabili-
ty. Developing an adequate undez-
standing of this variability at various
temporal and spatial scales, thereby
enabling better management of water
resources, is a major goal of the
hydrometeorological research support-
ed by the WRC.

At the historical time scale,
research at the South African Museum
continues to contribute to a better
understanding of the variations in the
rainfall climate over the past 2 000
years, with greater resolution being
sought in the most recent part of this
period. The research depends on joint
interpretation of data extracted from
both modern wood samples and
archaeological charceal deposits. Data
are obtained using dendrechronelogi-
cal, wood anatomical and stable iso-
tope analytical techniques.

The period of climatological record
during the present century permits
recent climatic variability to be exam-
ined in considerably greater detail.
Stochastic daily climate models have
been developed which reflect this

18

Highly sophisticated instrumentation being
installed on the research vessel SA Agulhas
by Dr Mathiett Rouault of the University of
Cape Town in order to study the effecr of
the ocean on the overlying atmosphere and
ultimately on Southern Africa’s weather.
(Photo: Prof JRE Lutieharms, University of Cape Town)

variability. Provided that climase is
not subject to any significant syste-
matic change in the short term, such
models are useful for deriving proba-
bilities associated with a wide range
of climatic scenarios. The latest devel-
opment, at the University of Cape
Town, is the derivation of interpolated
values of the 16 parameters of the
Zucchini-Adamson daily rainfall
model for 500 000 grid points at a
spacing of 1 min of a degree latitude
and lengitede over South Africa.
These parameters encapsulate, in great
detail, most of the information which
might be required concerning the rain-
fall climate at each grid point.

While previcus research has
revealed much about temporal vari-
ability of rainfall at a point and also
about spattal variability or distribution
of longer term (e.g. mean annual or
mean monthly rainfall), knowledge
about the spatial distribution of short-

term rainfall amounts (e.g. at the daily
or event scales) is still seriously lack-
ing. Such knowledge is an urgent
requirement of, inter alia, hydrolo-
gists needing to apply distributed
modelling for predicting runoff or
flooding events. The major limitation
in this regard has been one of inade-
quate measurement of spatial rainfall.
This limitation is being addressed in
joint research by the University of
Pretoria, the Weather Bureau and the
Depariment of Water Affairs and
Forestry which aims to integrate satel-
lite and radar data with data from
existing, usually sparse, rain-gauge
networks. A staet has also been made
with the stochastic modelling of spa-
tially distributed daily rainfields at the
University of Natal.

Explaining, rather than merely
characterising, climatic variability is a
research challenge which must be
addressed vigorously if the vision of
being able to predict future climatic or
rainfall patterns for South Africa is to
be realised. WRC-supported research
into causes of monthly and seasonal
variability is being undertaken at the
Universities of Pretoria and Cape
Town, complementing research being
done independently at the University



of the Witwatersrand and the Weather
Bureau. Both global and regional
mechanisms and precursors (e.g. El
Niiio) responsible for ¢limate variabil-
ity are being investigaied. Early fruits
of this research have been tentative
seasonal rainfall forecasts. These have
shown considerable promise but can
undoubtedly be refined with further
research.

The hydrometeorology projects
supported by the WRC focus largely
on high priority research areas identi-
fied in the strategic research plan of
the Co-ordinating Committee for
Research on Hydrometeorolegy. This
plan was tabled formally for the first
time in 1993 and will be revised annu-
ally.

During 1993 the WRC supported
11 hydrometecrological projects of
which 2 were completed and 1 com-
menced.

Completed projects

Reconstruction of the climatic
history of the last 2 000 years
in the summer rainfall regions
of Southern Africa (No 222) Sowh
African Museum, Cape Toven

Knowledge of the historical rainfall
variability is necessary te place more
recent rainfall variations into the cor-
rect perspective and assist in the ratio-
nal management of national water
resources. This project used changes.
over time, in wood anatomical charac-
teristics of selected tree species to
infer changes in growing conditions.
Dated charcoal from archaeclogical
deposits provided the information on
historical variations in frequency and
dimensions of xylem vessels, whereas
modern-day variations in these xylem
characteristics along a rainfall gra-
dient provided the relationships nee-
ded to infer rainfall conditions from
vessel dimensions. Species which
proved most useful for climatic recon-
struction using this technique were
Protea roupelliae, Profea caffra and
Combretun apicilatum. Rainlall
appeared to have been high at the start
of the 2 000 year period, low at 800
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AD, and to have increased sharply to
a high value in { 700 to 1 800 AD
before declining to its present lowest
level.

Cost: R215 000
Term: 19858-1992

Relationships between light-
ning and precipitation (No 279)
Division of Earth, Marine and Atos-
pheric Science and Technology, CSIR

In order to develop a better under-
standing of the processes of precipita-
tion development in convective
clouds, cloud physicists have recog-
nised the need to clarify the role of
electrical phenomena in such process-
es. South African expertise and tech-
nology for detecting and mapping the
origins of lightning flashes in storms
created a unique opportunity for
increasing knowledge concerning
relationships between lightning and
precipitation. Studies revealed that the
height of origin of lightning in storms
in the PWV area was strongly
bimaodal, with sharp peaks at 5,3 and
9.2 km above sea level. Moreover, the
20 dBZ radar reflectivity smface
which approximates the region of se-
paration between those parts of the
cloud which contain precipitation-size
particles and those which do not, is
the source of most lightning flashes. It
would therefore appear that the 20
dBZ contour coincides approximately
with the surface of greatest electrical
charge and that this charge resides
mainly in the smaller cloud particles
which co-exist with the larger precipi-
tation particles near the 20 dBZ con-
tour.

Cost: R300 000
Ternn: 1989-1992

New project

Development of models to sto-
chastically generate spatially
distributed daily rainfields

{No 550} Department of Civif
Engineering, University of Natal.

All currently available rainfall infor-
mation is based on rain-gauge {point)
measurements which have been
shown to be a poor representation of
areal or spatially distributed rainfall.
However, catchment runoff and agri-
cultural production respond to areal
rainfall and ideally therefore, areal
rainfall data are required as inputs to
distributed models. A promising start
to the problem of modelling spatially
distributed rainfields has already been
made but these efforts need to be
extended to address guestions con-
cerning both seasonal variation in
parameters and validation of models.
The aims of this one-year project are
to develop a daily model of spatially
distributed rainfall which accurately
reflects seasonal rainfall patterns and
to investigate methods of stochastical-
ly generating rainfieids that fit a ran-
dom set of peint measurements.
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Research projects
Completed

+ 222 Reconstruction of the climatic histo-
ry of the last 2 000 years in the summer
rainfall regions of Southemn Africa
{South African Museum. Cape Town)

« 279 Relationships between lightning and
precipitation (CSIR - Division of Earth,
Marine and Atmospheric Science and
Technology)

Current

= 278 Prediction of South African summer
rainfall variability trom ocean surface
temperatures {University of Cape Town -
Department of Oceanography)

+ 305 Interpolation and mapping of daily
rainfall model parameters for Seuth
Africa (University of Cape Town -
Department of Mathematical Statistics)

* 306 Techniques for seasonal and long-
term rainfall forecasting in South Africa
(University of Pretoria - Department of
Civil Engineering (Chair of Metecr-
ology))

+ 349 Evaporation measurements above
vegetated surfaces using micro-meteoro-
logical technigues (University of Natal -
Department of Agrenomy)

+ 374 The southern Agulhas Current and
its influence on the weather and climate
of Southern Africa (University of Cape
Town - Department of Oceanography)

+ 436 Mechanisims of short-term rainfall
variability (University of Cape Town -
Departiment 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)

+ 438 Development of a real-time, non-
conventional rainfall mapping system
(University of Pretoria - Department of
Civil Engineering (Chair of
Meteorology))

New

+ 550 Development of models to stochasti-
cally generate spatially distributed daily
rainfields (University of Natal -
Department of Civil Engineering)
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Rainfall stimulation

Of all unconventional water resour-
ces which may be considered as a
means of augmenting South Africa’s
water supplies, cloud water, which is
also of high quality, is potentially the
most easily and economically exploit-
able. Research on the potential of en-
hancing rainfall through the seeding
of summer convective clouds has
gone through several intensive phases
since 1983. This research has been
supported by the WRC and the
Weather Bureau, and activities have
centred arcund Nelspruit and Carolina
in the Eastern Transvaal and Bethle-
hem in the Orange Free State.

Prior to 1991, promising results
were obtained during experimentation
with dry-ice seeding of convective
clouds. Such seeding aims at enhan-
cing precipitation development by ini-
tinting large numbers of ice crystals in
the super-cooled region of the cloud
where the ice particles then start to

grow rapidly at the expense of the
super-cooled cloud droplets. Despite
these promising results, however,
there was also strong evidence, based
on several seasons of observation, that
a more appropriate and effective
means of increasing precipitation in
local convective clouds would be to
mitiate early coalescence growth of
cloud droplets in the warm region
near the base of the cloud. Conse-
quently, investigations from 1991
onwards have concentrated on hygro-
scopic seeding using aircraft-mounted
pyrotechnic flares as a means of intro-
ducing salt pacticles into updraughts
at the base of the cloud.

A randomised seeding experiment
conducted over a single season
{1991/92) yielded results showing sig-
nificant increases in precipitation in
treated clouds from approximately 25
min after seeding. These results and
others indicative of the research

progress made up to the end of 1992
have been fully documented in WRC
Report No 133/8/93. For several rea-
sons, it was not possible to carry out a
necessary repetition of the randomised
experiment in 1992/93. Nevertheless,
during this season, progress was made
in understanding some of the physical
mechanisms involved in the cloud re-
sponses to hygroscopic seeding. This
progress was based on cloud physical
calculations taking into accounnt air-
craft-observed sizes and numbers of
naturally occwrring cloud condensa-
tion nuclei, of flare-produced dry salt
particles and of cloud particles in
treated and non-treated clouds. The
calculations, carried out by collabora-
tors at the National Center for Atmos-
pheric Research in the USA. confirm
that cloud liquid water. initially occur-
ring in the form of minute cloud drop-
lets. is much more rapidly and com-
pletely converted into precipitation-
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size drops in treated than in untreated
clouds.

The promising results to date, to-
gether with financial considerations,
have prompted the WRC to aim at the
winding-up of the present research
phase after one or, at most, two more
seasons. This present phase comprises
the necessary repetition of the 1991/92
randomised seeding experiment and
further cloud physical investigations
needed for a more complete verifica-
tion of hypotheses concerning the
mechanisms whereby hydroscopic
seeding enhances precipitation. A fur-
ther objective of the WRC, dependent
on the confirmation of initially promi-
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sing results, is to enter into the final
phase of rainfall stimulation research
at the first opportunity. This final
phase will consist of a formal experi-
ment aimed at, firstly, assessing the
degree of enhancement of areal rain-
fall {as opposed to isclated storm rain-
fall) over a specified target area and,
secondly, at confirming runoff, water
vield, agricultural production and
forestry responses to seeding, estima-
ted during the course of prior desk-top
studies.

The ptanning of the area experi-
ment has already been set in motion.
All likely research participants as well
as parties who might be affected are

being invelved in the planning pro-
cess, during which the optimum target
area will also be selected.

In recent times much effort has
gone into informing communities
about all aspects of rainfall stimula-
tion research and in exploring ways
whereby communities can monitor
research activities and serve as an
external source of response informa-
tion. In this way it is hoped to dispel
unfounded suspicions and pave the
way for the remaining research and
ultimately, implementation of a poten-
tially valuable technelogy.

Updraught region of a cumulus clond where hygroscopic seeding takes place
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Research projects

Current

» 133 National precipitation research pro-
crarnme with a view to rainfall enhance-
ment {Company for Research on Atmos-
pheric Water Supply and Department of
Environment Affairs (Weather Bureau),
subcontracting CloudQuest {Pty) Lid and
Unisa)

« 439 Potential impacts of rainfall augmen-
tation on water resources and forestry in
the Melspruit-Bethlehem target zone
{Ninham Shand {Cape) Ilnc.)
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Surface hydrology

The role of modern hydrological
research is gradually shifting away
{fromn problem-solving towards provi-
ding scientifically correct information,
ailowing informed decisions e be
made in hydraulic engineering and
water management.

As a precondition for research on
surface hydrology 4 certain amount of
surface water is expected to be visible
most of the time. Hydrology of dry
regions is probably dominated by
groundwater recharge, occasional
floods and land degradatien. The
interaction of surface and ground-
water is also limited in these areas.
Water management in such areas is
totally governed by risk assessments
and extreme variability requiring long
data sets that can be obtained from
routine data collection networks.

It is no wonder, therefore, that
hydrological research is most promi-
nent in those regions where surface
water is seen to be a permanent fea-
ture of the landscape. These regions
are source areas and it is necessary to
understand them well. It is also
becoming clear that threugh rainfall
stimulation it is relatively easier to
create more surface water in these
arcas where the non-linear relation-

ship between rainfall and runoff can
be exploited advantageously. The
hydrology of the Eastern Transvaal
escarpment and the Drakensberg is
consequently of great importance.

However, in the beginning of the
year a workshop on low-flow hydro-
logy again focused strongly on an
increasingly serious problem. Even in
naturally weli-endowed regions the
streams and wetlands are frequently
drying up or are running low. The
need to quantify expected transmis-
sion losses in our large rivers has
again been confirmed. In discussicons
with aquatic ecologists it is now
becoming clear that daily flow data
are the hydrological signals to work
with if ecologically sound manage-
ment of resources is the objective.
This is an important quantum leap in
hydrology and water management. It
not only means more stringent
requirements on data processing and
moedelling capabilities, but also that
rainfall measurements have t¢ become
of an acceptable standard.

On the water management side the
competition for scarce water resources
is reaching critical proportions in
some areas. A decision support frame-
work embedded in national and

regional scenario-based policy deci-
sions could prove to be one of the
indispensabie tools in future integra-
ted catchment management. Consicde-
rable progress has been made in
analysing the possible application of
economic principles in water manage-
ment.

During 1993 the WRC supported
25 projects related to surface hydrolo-
gy of which 7 commenced during the
year and 2 were completed.

Workshop on low-flow
hydrology

In February Prof TA McMahon and
Dr B Finlaysen of the University of
Melbourne, two Australian experts in
the field of hydrology and ecohydro-
logy. visited South Africa.

This opportunity was used to hold a
workshop on low-flow hydrology.
Among the participants were many
prominent hydrologists. water ecolo-
gists and water resource managers of
the country. The workshop highliglat-
ed several key issues: flow regimes in
riverine ecosystems: waste load allo-
cation in seasonal rivers: dependency
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of raral and developing communities
on low flows; and legal requirements
to manage surface- and groundwater
as One resource.

During the workshop several
research needs were identified and it
is expected that this workshop will be
followed by similar ones in the future.

Completed projects

Effects of urbanisation on
catchment water balance

{No 183) Water Systems Research Group,
University of the Witwatersrand

Previous research into urban hydrolo-
2y had shown that urban development
affects runoff and thus the water bal-
ance in catchments. Consequently
more intense flood runeff was antici-
pated, resulting in less residual water
to maintain the ecological balance
within the catchment.

Results of this research indicate
that stormwater runoff for the deve-
loped portion of catchments was
increased by a factor of up to four
over that from an undeveloped catch-
ment. This is mainly attributed to
impervious surfaces such as roads and
roofs, and the consequent decrease in
infiltration. Garden watering, using
imported municipal water, and the
unquantifiable outflow of groundwa-
ter were complicating factors. The
results highlight the need to amend
the Town Planning Regulations to
incorporate flood retention on private
gardens and the use of dual draining
systems to enable floods to be stored
on roads or preferably on parks and
purpose-made infilteation strips.

Cost; RI 250 000
Term: [986-1992
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Quantitative structuring of
national water planning objec-
tives for use in decision sup-
port systems in South Africa
{No 286} Department of Mathematical
Statistics, University of Cape Town

This project summarises the results of
research carried out over the past few
years, aimed at providing a justifiable
basis for systematically incorporating
multiple goals and perspectives into
water management in South Africa,
particularly where these goals include
less tangible issues (such as the envi-
ronment). A procedure has been deve-
loped which incorporates concepts of
scenario planaing and multiple criteria
decision-making (MCDM), and which
emphasises the participation of many
interest groups in the planning pro-
cess, consistently with the principles
of integrated envirenmental manage-
ment. Aithough more research is
needed in order to refine the proce-
dure, it has been successfully tested in
experimental workshops with differ-
ent groups concerned with the Sabie-
Sand River catchment area, and deci-
sion support software is already avail-
able for supporting implementation of
the procedures.

Cost: R362 800
Term: 1990-1992

New projects

Classification and hydrological
modelling of low flows in
Southern Africa (No 494) ustitute
for Water Research, Rhodes University

From an ecolegical. hydrological and
waler resource management point of
view it is becoming increasingly
important to understand the impacts
of land-use change on streamflow and
specifically to be able to predict
changes in flow regimes.

Rivers are not only used to supply
water but are often used for the dis-
posal of sewage and waste water. The
assimilative capacity of rivers be-
comes most critical during periods of

low flow which may be extended by
afforestation, construction of dams,
abstractions, etc. The aims of this 3-
year study are to use existing hydro-
logical data to characterise low-flow
regimes within Southern Africa and to
assess and possibly improve existing
rainfali-runoff models to specifically
simulate low-flow regimes.

Palaeoflood hydrological
analysis for selected South
African rivers (No 509) Geological
Snrvey

Floods have always posed a threat to
man in terms of loss of life and da-
mage to property. This situation is
exacerbated by a perception that
floods have a random pattern of
occurrence with seemingly little hope
of predicting their magnitude and spa-
tial and temporal occurrence.

The current practice in selecting
design floods requires the use of
annual maximum flood-peak records
which in South Africa are on average
20 to 30 years in length. A further
problem with the use of these flood
records is that most of the flow gan-
ging records are not calibrated for
larger flood events.

Palagzoflood hydrology (PFH) is the
study of past or ancient flow events
which occurred prior to direct mea-
surement by modern hydrological pro-
cedures. In view of the potential value
of PFH as an applied research tool,
this 2-year research project {s address-
ing the following objectives:

+ To evaluate whether PFH can sup-
ply reliable maximum peak-flood
estimates for South African rivers
with the aim of placing an upper
limit to the peak maximum flood
for each river under investigation

* To refine the present peak-flood
estimates as calculated using the
statistical, deterministic and empiri-
cal approaches as applied by the
hydrologist, and in particular, to
test the validity of the probable
maximum flood and regional maxi-
mum flood figures against PFH
data,



Evaluation of river losses from
the Orange River downstream
of PK le Roux Damt (No 510) BKS

ine.

The flow in the lower Orange River is
highly regulated and centrolled by
releases from the PK le Roux Dam to
provide water for both power genera-
tion and the needs of various down-
stream users, The water released from
the dam is subject to considerable
evaporation (often in excess of 3 000
mmy) in addition to other conveyance
losses.

In a recent hydrological analysis of
the Orange River undertaken by BKS
Inc. for the Department of Water
Affairs and Forestry, it was estimated
that river losses in the order of 800
million m¥a occur between PK le
Roux Dam and the Orange River
mouth. The possible losses through
riparian vegetation and seepage from
the river (which were not taken into
account when estimating the losses)
may increase this figure.

Until recently, the Orange River
was regarded as a water resource with
considerable surplus capacity for fur-
ther utilisation, Recent investigations,
however, have indicated that the
resources are limited and any further
developments must be carefully con-
sidered, particularly in view of the
imminent implementation of Phase |
of the Lesotho Highlands Water
Project. It is. therefore, of paramount
importance that the losses be exa-
mined in detail and quantified with
confidence, to narrow down the large
variation in the initial estimates.

This |-year project will formulate a
set of practical guidelines that can
also be used to estimate losses from
other rivers where such losses are sig-
nificant in the overall water balance.

Hydrological implications of
afforestation in the North-
Eastern Cape (No 51t} Division of
Forest Science and Technology, CSIR

A forestry operation, approximately
80 000 ha in extent, is being estab-
lished in the NE Cape. Concern has
been expressed in a number of circles
about the effects of afforestation on
both the water quality and yield from
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the catchments being afforested. The
WRC shares the view of Mondi (Ltd)
and the Department of Water Affairs
and Forestry that the new afforestation
in the NE Cape presents a unique
opportunity to initiate a comprehen-
sive monitoring and research pro-
gramme.

This 3-year research project is
designed to provide practical informa-
tion to policy makers (the Department
of Water Affairs and Forestry and the
Department of Agriculture), as well as
to forest managers, on management
options for increasing both water
yield and water quality from the
forestry estate. It will provide a base-
line situation analysis from which fur-
ther monitoring and research can be
launched.

Development of procedures for
decision support in water
resources management (No 512)
Departiment of Statistical Sciences,
University of Cape Town

The previous project executed by this
research team (No 296: Quantitative
structuring of national water plan-
ning objectives for use in decision
support systems in South Africa)
has established certain basic decision
analytical principles, for the incorpo-
ration of the qualitative goals of so-
ciety into systematic water resource
planning. It is anticipated that by the
end of 1993 these principles will have

been validated in the context of long-
term water development plans for a
region. This research has provided
evidence that society’s value judge-
ments regarding the qualitative crite-
ria can in fact be captured in a syste-
matic and comparable manner. How-
ever, the research during 1990/92
raised many further questions which
need to be resolved before the princi-
ples can be incorporated into useful
and credible decision support systems
(DSS).

Consequently the overall objective
of this 3-year project is to develop the
operational framework in which the
decision analytical tools for the treat-
ment of less well quantified objectives
fas determined during the 1990-92
proiect) can be imiplemented in water
resources management in South
Africa.

Case study of stormwater
pollution control in a represen-
tative valley (No 518) Wates, Meiring
and Bamard fne.

Formal, semi-formal and informal
urban developments which are spring-
ing up around virtually all of our
major towns and cities are creating
problems of unprecedented pollution,
through inadequate. or a total lack of.
facilities for sanitation and retuse col-
lection and sometimes unacceptable
social habitats.

During the cowrse of this 1-year

Bowen ratio apparatus in the Orange River: Attention 1o detailed hivdrological processes
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project gualitative information will be
gathered from a specific valley and
the effectiveness of pollution ¢control
measures will be evaluated.

The site selected to carry out the
research programme is the Hennops
Valley, upstream of and including the
Verwoerdburg downtown lake. The
reason for selecting this valley is that
a wide assortment of pollution sources
is found there, such as the Olifants-

fontein Sewage Works, a quarry,
Tembisa and Ivory Park townships,
semi-formal and squatter areas in the
Rietspruit and Natalspruit catchments
as well as various agricultural and
industrial activities. Extended reed-
beds also accur in the catchment and
the effect of these on the pollution
load will also be observed. It is there-
fore a representative drainage system.
Similar situations have been identi-

Fit 1 Mt

The Van Ryneveld Pass Dam (31 million m3) in the Graaff-Reinet area contains 40%

sediment
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fied elsewhere and it 1s the purpose of
this study to evaluate cost-effective
measures to rectify these situations.
There are 2 approaches to this prob-
lem:

» Firstly, the quantitative approach,
requiring detailed studies over long
periods for the solution to the prob-
lem

+ Secondly, the qualitative approach
which identifies the worst cases and
solves these, thereby eliminating
80 of the pollution for 20% of the
cost,

The research will lead to guidelines
for local authorities for the control of
storm-water pollution which may
include most of the points raised
above.

Control of dam siltation in
South Africa (No 580) BKS Inc.

In spite of attempts to solve the pro-
blem of dam siltation pro-actively in
South Africa, the sediment production
rates are still high and vary between
37 and 740 m3/km2.a. This results in
an annual decrease in the storage
capacity of dams of between 0,2%
and 0,9% (with a mean for the coun-
try as a whole of 0,52%) and the dete-
rioration of dam basin characteristics
e.g. the ratio of the water surface to
the storage capacity.

The aim of this research project,
which will be executed over a period
of 30 months, is to evaluate the fol-
lowing techniques to control dam sil-
tation in Seuth Africa:

* Throughflow of incoming sedi-
ments during high-flow conditions

*» Flushing of dam basins by water-
level drawdown

+ Diverting incoming flow with high
sediment loads

» Off-channel storage

* Density current

* Removal of sediment by means of
pipe systems

+ Dredging of precipitated sediment.

Practical and cost-effective guidelines

for the operation of dams are therefore
envisaged.
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Research projects
Completed

» 183 Effects of urbanisation on catchment

water balance (University of the Wit-
watersrund - Department of Civii Engi-
neering, Waler Systems Research
Group)

« 296 Quimtitative steuciuring of national
water planning objectives for use in

decision suppoit systems in South Africa

{Universily of Cape Town - Department
of Mathematical Statistics)

Current

+ 135 Hydrological modelling stadies in
the Eastern Cape {Rhodes University -
Departiment of Geography)

» 270 Hydrological systems model deve-
lopment (University of Nata - Depart-
ment of Agricultural Engineering)

+ 298 Surface water resources of South
Africa 1990 (Consortium of consuliing
engineers)

= 299 Adaption ancl calibration ol an urban
runolf quality model (C8IR - Division of

Water Technology)

» 300 Uilisation of geographical informa-

tion systems {GIS) and integrated envi-
ronmental management {[EM) in the
planning and management of water
resources wilhin river catchments
{(University of Pretoria - Department of
Landscape Architecture)

+ 37 Urban cotchment monitoring
{Welkom City Council and SRK (CE)
Ine.)

319 Monitoring the effect of catchment
development on urban runoff and water
balance (University of the Witwatersrand
- Department of Civil Engineering,
Water Systems Research Group)

375 Development of a distributed hydro-
logical modelling system to assist with
water quantity and quality management
in the Mgeni catchment, Phase 1(
{University of Natal - Departnient of
Agricullural Engineering)

415 Application of resource economics
to water management decision making in
South Africa (University of Naial -
Institute of Natural Resources)

424 Development of an urban compo-
nent for the ACRU model (University of
Durban-Westville - Department of
Geography)

425 Development of an integrated catch-
renl maragemeni system for the Croco-

dile River catchment (CSIR - Division of

Forest Science and Technology)

442 Development of improved flow
gauging structures for South African
rivers (Sigma Beta Consulting
Engineers)

444 Development of rigorous enginee-
ring methodology for designing vegeta-
tve erosion protection systems {SRK
(CE) Inc.)

490 Development of floed damage fune-
tions and a computer program to deter-
mine the advantages of Aood and flooed
damage control measures (University of
the Orange Free Stale - Department of
Agricultural Economics)

« 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 grassiand catchment
in the summer rainfall area of Scuth
Africa (CSIR - Division of Forest
Science and Technology)

New

* 494 Classification and hydrological
modelling of low flows in Southemn
Africa (Rhodes University - Institute for
Water Research)

+ 309 Palacoflocd hydrological analysis
for selected South African rivers
{Geological Survey)

+ 510 Evaluation of river losses rom the
Orange River dowastream of PK le
Roux Dam (BKS Inc.)

+ 5H Hydrological implications of
afforestation in the North-Enstern Cape
{CSIR - Division of Forest Science and
Technology)

* 512 Development of procedures for deci-
S10N SUPPOTL N water resources manage-
ment {University of Cape Town -
Department of Statistical Sciences)

+ 518 Case study of stormwater pollution
control in a representative valley (Wates,
Meiring and Barnard Inc.)

+ 580 The control ol dam siltation in
South Africa (BKS Inc.)
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Groundwater

World-wide, groundwater serves as
a major source of urban water supply,
both for domestic and industrial pur-
poses, normally requiring only mini-
mal (reatment. It is as a supply for
rural communities and irrigated agri-
culture, however, that groundwater
comes into its own, providing a
source of cheap, clean water at the
point of need. In South Africa, where
it is estimated that some 12 million
people are without access to safe
drinking water supplies, it is particu-
larly impeortant that groundwater be
viewed as a means of rapidly address-
ing this great need in the short term.
As groundwater quality is affected
by virtually every activity of society,
it stands to reason that much can be
gained by alerting people to its sus-
ceptibility to pollution and, better still,
involving the general public in pro-
grammes to protect groundwater.
With this in mind, two workshops
were held on the topic Public Edu-
cation and Participation in Ground-
water Protection in January this year
fo assist in the development of a pro-
active aquifer protection strategy. Mr
Andrew Stone of the American
Groundwater Trust, presented key-
note addresses on these occasions.
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Dr Andrew Skinner’s participation
in the Africa needs Groundwater
convention in September provided
those interested in the field of ground-
waier protection policy with a further
opportunity to consider the complexi-
ties of this topic. Dr Skinner, of the
National Rivers Authority (NRA) in
the UK, was involved in the compila-
tion of the recently published land-
mark document Policy and Practice
Jor the Protection of Groundwater (in
England and Wales). He provided
valuable guidance on an integrated
approach to groundwater protection,
involving both source (borehole, weil-
field) and resource {aquifer) protec-
tion.

The Hydrogeological Mapping
Programme has experienced conti-
nued growth thig year with the nitia-
tion of a “pilot” regional-scale hydro-
geological map. In addition to this,
the Department of Water Affairs and
Forestry has launched an ambiticus
mapping programme whereby they
hope to complete the hydrogeological
mapping of South Africa at a regional
scale over the next 5 years. This pro-
gramme has raised awareness of
groundwater and will result in the
tools to manage this valuable resource

on a sustainable basis in the future.

During 1993 the WRC supported
28 projects retated to groundwater of
which 8 commenced during the year
and 6 were completed.

Completed projects

Evaluation and development of
geophysical techniques for
characterising the extent and
degree of groundwater pollu-
HiOn (No 267) Divisions of Earth, Marine
and Atmospheric Science and Technology,
and Water Technology, CSIR.

Geophysical techniques are used
world-wide as an aid in the detection
and monitoring of groundwater and
soil contamination. Most of these
techniques have been refined and are
applied in areas of primary aquifers
comprising uncenselidated sediments.
This project consequently investigated
the usefulness of these techniques in
the hard rock aguifers common to
South Africa for the delineation of
pollution plumes at waste sites.
During the course of the project the
importance of understanding the



structural geological setting of aqui-
fers, in particular arcund waste dis-
posal sites, was realised. A set of
guidelines for the use of geophysical
technigues for mapping and monito-
ring contamination has been prepared.
The researchers strongly recommend
that detailed geophysical surveys
should be carried out as part of the
geohydroiogical investigation prior to
the establishment of a new waste site,
and continued afier site closure to
meonitor the movement of the pollu-
tion plume.

Cost: R437 300
Term: 1989-199f

Integration of remote sensing,
digital image processing and
geographical information sys-
tems technologies for regional-
scale groundwater resources
assessment in South Africa

(No 310) SRK (CE) Inc.

The high costs and time required to
collect hydrogeological data over a
large area during an assessment of the
groundwater resources potential of a
region has often resulted m an uneven
distribution of data and an insufficient
dato base with which to make assess-
ments with any degree of confidence.

The type of data most commenly
used in regional groundwater investi-
gations. such as geology, soils. relief,
vegetation type and density, and
drainage, although very expensive to
collect in the field, can be obtained
rapidly and at a fraction of the cost of
ground surveys through the use of
satellite imagery.

Digital image processing allows
one to extract valuable data from
satellite imagery and other digital data
sets. This project has demonstrated
the value of combining these tech-
nologies in a geographic information
systermn environment for the prepara-
tion of a groundwater resources poten-
tial map of the Magalakwena River
Basin,

This approach will make an impor-
tant contribution to the regional
hydrogeological mapping programme.

Cost: R251 000
Term.: 1990-1992

Preliminary investigation of
the nitrate content of ground-
water and limitation of the
nitrate input (No 368) Division of
Warer Techmology, CSIR

Increasing nitrate levels in ground-
water are a matter of concern world-
wide as a result of their effect on
human and animal health, especially
the acute health effects on small chil-
dren when regularly drinking water
with a nitrate content of more than
10 mg/f (as nitrogen). From available
information in the National Ground-
water Data Bank, which was proces-
sed as part of this project, it seems
that this level is being exceeded in
27% of the sources. Some of these
high nitrate values are of natural ori-
gin, while others are the result of
human activities, e.g. pit latrines.
cattle-kraals, fertiliser application,
sewage sludge disposal, on-site sanita-
tion, etc. This preliminary investiga-
tion needs to be followed up to quan-
tify the situation better and to identify
measures fo curb the problem.

Costs: R70 000
Term: 1991-1992

Assessment of health aspects
of the impact of domestic and
industrial waste disposal activi-
fies on groundwater resources
(No 371) Division of Water Techinology,
CSIR

The transmission of hazardous chemi-
cal substances and infectious diseases
through contaminated drinking water
is a frequent and weil-documented
occurrence. Any disease caused by
drinking contaminated water can be
transmitted through groundwater if
the disease-causing agent reaches the
water source in infective doses to
cause the specific illness. Some conta-
minants are more likely than others to
be present in groundwater with the
result that some water-borne diseases
occur more frequently. This literature
review was aimed at gaining know-
ledge about the impact of domestic
and industrial waste disposal practices
on groundwater supplies and the asso-
ciated health implications.

Based on international experience,
the researchers believe that the few
documented cases of groundwaiter
contamination in South Africa should
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not be seen as an indicator that similar
problems do not exist in this country.

This review provides a sound basis
for more detailed investigations of the
health aspects related to contamina-
tion of groundwater resources from
domestic and industrial waste disposal
in South Africa.

Cost: R48 000
Term: 1991-1992

Development of a strategy to
monitor groundwater quality
on a national scale (No 482)
Division of Water Technology, CSIR

A one-year project aimed at identify-
ing practical strategies to monitor
groundwater quality on a national
scale was recently completed by the
CSIR. The study was literature-based
and thus used international experien-
ces to identify suitable strategies. The
report recommends that empirical and
hierarchical approaches be adepted so
that a national network can be esta-
blished relatively quickly at low cost.
Further, the groundwater network
should be linked to other hydrolegical
monitoring networks in order to
ensure the efficient use of available
resources and to reduce duplication of
effort. One of the tools developed as
an aid in identifying priority monito-
ring areas is the national groundwater
vuinerability map. The results of the
study are presently being put to use in
the design and implementation of a
pilot-scale groundwater quality moni-
toring network.

Cost; RI150 000
Term: 1992-1993

IHdentification and verification
of polluted areas in the dolo-
mitic aquifer of the PWV-area
{No 500) Atontic Energy Corporation of
South Africa

The dolemitic aquiters of the PWV
area are one of the most impottant
sources of groundwater in South
Africa. They have been investigated
and developed to provide emergency
water supplies in times of drought. It
is therefore imperative that this vul-
nerable resource be protected from
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pollution arising from mining, indus-
trial and urban development, and agri-
cultural activities.

Water samples taken before 1987
by the Department of Water Affairs
and Forestry indicated that elevated
levels of pollutants are present at cer-
tain localities within the dolomites.
Although ihe aim of this project was
to resample the identified boreholes
showing elevated levels of pollutants,
such as sulphates and nitrates, it was
found that many of these boreholes
had been destroyed as a result of
mushrooming informal settlements.

Sampling of additional holes has,
however, provided valuable data on
the extent, as well as identifying pos-
sible sources, of the pollution pro-
blem.

Cost: R70 (000
Term: 1992-1993

New projects

Groundwater abstraction in
the Port Elizabeth municipal
area (No 5i5) SRK (CE) Inc. and the
Mumicipality of Port Elizabeth

This joint 2-vear project is in progress
to determine the distribution of bore-
holes and volumes of groundwater
abstracted from the Table Mountain
Group sandstone aquifer in the Port
Elizabeth municipal area.

The results will be used to formu-
late suitable guidelines for the control
of groundwater development and pro-
tection of the aquifer in terms of
groundwater quality and volumes of
water abstracted. The potential for
saline water intrusion to the aquifer is
being investigated. The research is
also aimed at determining;

+ Spatial and seasonal variations in
groundwater abstraction and
groundwater chemistry

= Potential for groundwater contami-
nation through swrface disposal of
effluents and the application of fer-
tilisers

* Impacts of groundwater abstraction
on municipal consumption,

Application of seismic tomo-
graphy and ground-penetra-
ting radar for the detection of
Jractures and the determina-
tion of hydraulic properties of
Jractured rock aquifers (No 516;
Division of Earth, Marine and Afmos-
pheric Science and Technology, CSIR

It has been estimated that more than
90% of South Africa’s groundwater
occurs in fractured rock aquifers, In
order to locate these water-bearing
zones, and to expleoit them in a man-
ner that will assure their long-term
integrity, a thorough understanding of
the location, physical nature and
orientation of these fractures is re-
quired. Fractures, when present in an
aquifer system, also influence the
flow of groundwater., Geophysical
fracture characterisation technigues
based on seismic anisotropy and rela-
ted shear-wave splitting as well as
radar have been under investigation
for a number of years to address this
problem. Recently, armed with new
theoretical cancepts and hardware
developments, significant progress has
been made in fracture characterisa-
tion.

The main aim of this 3-year project
is to investigate the physical nature of
hardrock aquifers using seismic bore-
hole tomography and ground-penetra-
ting radar techniques.

Production of the Pietersburg
1:500 000 hydrogeological
map sheet 2326 (No 517} Water
Systenms Management and the Department
of Water Affairs and Forestry

The increasing importance of ground-
water in South Africa, particularly as
a source of supply of domestic water
for remote rural communities, small
urban settlements, and for farm-scale
irrigation development, has created an
urgent need for summarised and
mapped hydrogeological information
country-wide in a synoptic and visual
form, at all planning levels. The
recent deveiopment of a fully opera-
tional and dynamic National Ground-
water Data Base at the Department of
Water Affairs and Forestry, the
advancements made in geographic
information system technologies and



the design of effective linkages
between various data bases and other
information systems have created the
opportunities of meeting this need in
the near future.

Considerable progress has been
made over the past 3 years with
regard to the planning of a hydrogeo-
logical mapping programme for South
Africa. This l-year project is aimed at
producing a pilot map tegether with
an explanatory document to serve as a
“blueprint” for the entire 1:500 000
series, comprising some 23 sheets.

Distribution of fluoride-rich
groundwater in the Eastern
and Mogwase regions of
Bophuthatswana: Influence of
bedrock and soils, and con-
strainits on utilisable drinking-
water supplies (No 526) Department
of Geonlogy. University of Cape Town

Fluoride is one of a few potentially
toxic trace elements whose primary
path into the human body is via drin-
king water. Ad hoc sampling of
groundwater which provides the
drinking-water supply of approxi-
mately 95% of villages in Bophutha-
tswana has shown that fluoride con-
centrations in seme parts of the coun-
try grossly exceed water quality
guidelines. Fluorosis, a severely debi-
litating illness resulting from exces-
sive consumption of fluoride, is clear-
ly manifested in many villages. This
3-year study is designed to provide a
comprehensive picture of the extent
and underfying causes of fluoridisa-
tion of the groundwaters of Bophu-
thatswana, and the intervening areas
of the Transvaal, and the distribution
of potentialy harmful groundwater
liable to promote fluorosis when used
as a drinking-water supply.

Review of approaches and
methodologies for determining
recharge and leachate genera-
tion rates at waste disposal
Sifes (No 564) Division of Water
Technology, CSIR

The CSIR is currently undertaking a
literature review of methods used to
determine groundwater recharge and
to predict leachate generation raies at
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waste disposal sites. When dealing
with drier or water-deficient areas, the
2 approaches apparently yield contra-
dicting results. The 1-year project will
evaluate local and internationally used
approaches in order to assess the
apparent problem in greater detail.
From this, the state of current know-
ledge and praciice can be appraised
and further research needs defined.,

Hydrogeological, isotopic and
hydrochemical assessment of
the response of a fractured
multi-layered aquifer to long-
terin abstraction (No 565}
Schonland Research Centre, University of
the Winwarersrand

A fractured sandstone aquifer in the
Northern Kalahari has been used for
groundwater abstraction since 1967,
Excellent records of drawdowns and
volumes pumped have been main-
tained. This vast wealth of data is
being used to evaluate the response of
a fractured rock aguifer to long-term
abstraction. The same aquifer can be
found in NW Souih Africa and
Zimbabwe. Through an understanding
of the behaviour of one part of the
aquifer, the management of future
groundwater schemes may be
enhanced.

The objectives of this 1-year project
are:

* To establish a GIS compatible data
base and interpret 22 years of moni-
toring data

» To establish the extent and charac-
teristics of the aquifers in the study
area with reference to the Karoo
sequence

* To develop a preliminary mathe-
matical model for assessing the
response of a fractured and multi-
layered aquifer to long-term
abstraction with specific attention
being paid to the analysis and eva-
luation of test pumping results

» To assess recharge to the fractured
aquifer using historical and new
isotopic analyses, hydrochemistry
and water level monitoring data.

Conversion of the software
packages TRICON and
BAYES from personal compu-
ters to machines using the
UNIX operating system (No 566)
Institte for Groundwater Stndies,
Laiversity of the OFS

The software packages TRICON and
BAYES emanated from a WRC pro-
ject entitled A comparative study of
two- and three-dimensional ground-
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water models. They were originally
developed for IBM-compatible per-
sonal computers, using the DOS ope-
rating system, with the following
objectives in mind:

* To draw accurate and aesthetically
acceptable contour maps of a
regionalised variable, i.e. a variable
that varies in space

+ To estimate values of a regionalised
variable, and its associated exror, at
points where no measurements are
available,

The restriction to IBM-compatible
machines unfortunately limited their
practical application considerably.
Boih packages are, therefore, being
converted during this 1-year project to
machines that use the UNIX operating
systemn which will allow later incorpo-
ration into a GIS package. also under
development by the Institute for
Groundwater Studies.

o
Investigation of the contami-
nant attenuation capacity of
the soil/aguifer system with
special emphasis on the vadose
ZORE {No 5372} Division of Water Tech-
nolegy, CSIR, and the Department of Soil

and Agricultural Wetter Science, Univer-
sity of Stellenbosch

During infiltration through seils and
transport in aquifers many contami-
nants are naturally attenuated, but not
all subsurface environments are equal-
ly effective in this respect. The unsa-
turated zone provides the first line of
natural defence against groundwater
pollution. This is not only because of
its strategic position between the land
surface and the groundwater table, but
also because it provides a favourable
environment for pollution attenuation
or elimination. Attenuation may occur
as a result of processes such as
adserption, retardation, physical filtra-
tion, precipitation, biological and
radicactive decay.

During the course of this 4-year
study, the contaminant attenuation
capacity characteristics of various
soils, aquifers and the subsurface
environment as a whole for specific
contaminants will be determined. The
results are expected to provide plan-
ners, policy makers and pollution con-
trol authorities with a useful tool with
which to assess groundwater pollution
risks.

Outcrop of Table Mowntain Group rocks in the Struisbaai area, Southern Cape
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Research projects
Completed

+ 267 Evaluation and development of geo-
physical techniques for characterising
the extent and degree of groundwater
pollution (CSIR - Division of Earth,
Marine and Atmospheric Science and
Technology, and Division of Water
Technology)

+ 310 Integration of remote sensing, digl-
tal image processing and geographical
information systerms technologies for
regional-scale groundwater resources
assessment in South Africa (SRK (CE)
[nc.y

» 368 Preliminary investigation of the
nitrate content of groundwater and limi-
tation of the nitrate input (CSIR -
Division of Water Technology)

+ J71 Assessment of health aspecis of the
impact of domestic and industrial waste
disposal activities on groundwater
resources {CSIR - Division of Water
Technology}

+ 482 Development of a strategy to moni-
tor groundwater quality on & national
scale (CSTR - Division of Waier
Technology)

« 500 [dentification und verification of
poelluted areas in the dolomitic agquiler of
the PWV area {Atomic Energy
Corporation of South Africa Lid)

Current

+ 221 Geohydrologica] investigation and
evaluation of the Zululand coastal
aquifer (CSIR - Division of Earth.
Muarine and Atmospheric Science and
Technelogy)

+ 273 Investigation of the potential use of
NOAA satellite remotely sensed data for
identificalion of regional-scale fracture
zones (or groundwaier supply purposes
in Southern Afvica (SRK (CE) [ne.)

+ 291 Regional investigation into ground-
water quality deterioration in the
Qfifants River catchment above the
Loskop Dam. with specialised investiga-
tioms in the Witbank Dam subcaichment
(University of the Orange Free State -
Institute for Groundwalter Studies)

« 311 Development and evaluation of geo-
hydrological and isotope hydrological
methodologies for the identification of
arens potentially suitable For waste dis-
posal (University of the Witwatersrand -
Schonland Research Centre. and Atonae
Energy Corporation ol South Africa Ltd}

352 Development of a method for the
selection of suitable landfill sites, and of
guidelines for sanitary landtill in munici-
pal aveas (CSIR - Division of Water
Technology)

353 Preparation of a manual on quantita-
tive estimation of groundwater recharge
and aquifer storativity (Department of
Water Affaivs and Forestry)

377 Use of geographic information sys-
tems and other compulter-aided drafiing
facilities for the production of geohydro-
logical maps {University of the Orange
Free State - Institute for Groundwater
Stuclies)

378 Development of Llechniques for risk
analysis and groundwater management
of Sauthern African aquifers (University
of the Orange Free State - Institute for
Groundwater Studies and CSIR - Bivi-
sion of Earth. Marine and Atrnospheric
Science and Technology)

481 Geochemistry and isotopes {or
resource evaiuation in the lractured rock
aquifers of the Table Mountain Group
{CSIR. - Division of Water Technology)

483 Compilation ol a hydrogeological
map of South Africa (JR Vegter Esq.
and Department of Water Altairs and
Forestry)

484 Integrated muliidisciplinary geody-
namic/geophysical approach to ground-
water exploration around the South
Alrican coastline {Atomic Energy
Corporation of South Afvica Lt}

4835 Drevelopment of a systematic
methed for evaluating site suitability for
waste disposal based on geohydrological
eriteria {CSIR - Division of Water
Techinology)

486 Catchment waler guality deteriora-
tion as a result of waler-level recovery in
abandoned gold mines on the eastern and
central Witwatersrand (Universily of the
Orange Free State - [nstitute for
Groundwater Studies)

487 Anadysis and interpretation of
aguifer tests in secondary aguifers
{University of the OFS - Institute for
Groundwater Studies)

New

515 Groundwater abstraction in the Port
Elizgbeth municipat area (SRK (CE) Inc.
and the Municipality of Pert Elizabeth)

516 Application of seismic tomography
and ground-penetrating radar for the
detection of fractures and the determina-
ton of hydraulic properties of fractured
rock aquifers (CSIR - Division of Earth.
Marine and Almospheric Science and
Technology)

517 Production of the Pietersburg

1:500 000 hydrogeological mayp sheet
2326 (Water Systems Management and
the Department of Water Affairs and
Forestry - Directorate of Geohydrology)

526 Distribution of fluoride-rich ground-
water in the Eastern and Mogwase
regions of Bopluthatswana: [otluence of
bedrock and sotls and constraints on uti-
lisable drinking-water supplies (Univer-
sity of Cape Town - Department of
Geoloay)

564 Review ol approaches and method-
olagies for determining recharge and
leachate generalion rates at waste dispo-
sl stes (CSIRE - Diviston ol Water
Technology)

565 Hydrogeological, isowopic and
hydrochemical assessment of the
response of o fractured multi-layered
aguiler to long-term abstraction
{University of the Witwatersrand -
Schonland Research Centre)

66 Copversion of the sollware packages
TRICON and BAYES {tom personal
computers 10 machines using the UNIX
operating system (University of the
Orange Free State - Institue for Ground-
waler Studies)

572 Invesiigation of the contaminant
attentation capacity of the sotl/aquifer
system with special emphasis on the
vadose zone (CSIR - Division of Water
Technoloey and the University of
Stellenbosch - Department of Soil and
Agricultural Water Science)
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Agricultural water utilisation

Agn’cultural development, more
especially irrigation development,
resulis in changes in ecosystems. The
degree of change will depend on the
relevant circumstances. Viable irriga-
tion calls for meaningful planning,
implementation and management. If
these are lacking, not only is irrigation
as such detrimentally affected, but
also the two major natural resources
in this regard, viz. soil and water.

Damage to these resources can take
a number of forms viz. waterlogging,
salinisation, nutrient losses, pollution
and erosion. The vast majority of
WRC projects related to agricultural
utilisation, launched in the past, were
therefore aimed at either eliminating
the mentioned deleterious effects or at
least largely minimising them. In the
recent past other variables have also
been taken into account and projects
on increased economic water-use effi-
ciency at global farming level, as well
as on the interdependent factors deter-
mining the viability of irrigation farm-
ing were launched.
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Investigation of the actual and
potential impact of irrigation on
ecosystems and of possible habitat
losses is, however, a facet which has
in the past been restricted virtually
exclusively to salinisation research. In
view of the reselutions of the United
Nations Conference on Environment
and Development (held in 1992 in Rio
de Janeiro), it is, however, clear that
more prominence will have to be
given in future 1o environment-related
irrigation research, under conditions
of developing agriculture as weil.

From the above it is clear that the
interdisciplinary nature of research on
agricultural water use is an aspect
which is fundamentally different from
other fields of water research. This
interdisciplinary nature needs to be
accepted and encouraged, as it is only
then that research programmes in
which the following broad objectives
are being pursued, will be initiated
and carried out in such a manner that
the end result meets the demands of
acceptability and applicability:

» Data cellection and processing with
a view to planning, projections and
therefore management

* Improved performance of the cur-
rent commercial irrigation systems,
for developed as well as for deve-
lIoping agriculture

+ (Given the necessary information,
improved management of irrigation
systems

» Establishment of environmentally
friendly imigation practices

» Effective information and technolo-
gy transfer in the agricultural water
industry.

These objectives once again confirm
the priorities set out in the Master
Plan for Agricultural Water Research.
During 1993 the WRC funded 32
agriculturally related research pro-
jects, Of these 5 projects were com-
pleted during the year while 6 new
research agreements were concluded.



Workshop on the field
water balance in the
modelling of cropping
systems

The ability to address components of
the field water balance accurately is a
key to the successful application of
maodels in irrigated and dryland agri-
culture and in agrohydrology. With
models being regarded as the encapsu-
lation of useful knowiedge and in
increasing demand for research and
management purposes, this workshop
provided an opportunity for a stock-
taking exercise regarding the central
element of these modeis, i.e. the field
water balance.

The group involved in the work-
shop had the advantage of the inputs
of Prof Gaylon Campbell of the
Department of Soil Physics and
Environmental Sciences, Washington
State University, which included an
introductory overview of almost all
topics dealt with, Topics addressed
during the workshop were infer alia
variation in modelling approaches;
objective assessment of model perfor-
mance; field validation of models and
identification of model limitations. It
1s anticipated that this workshop will
contribute significantly to the deve-
lopment and application of these mo-
dels in South Africa.

"
Membership of the Inter-
rational Commission on

Irrigation and Drainage
(ICID)

The ICID was established in 1950
with the broad objective of raising the
technical standards of irrigation and
drainage projects, flood control sys-
tems, as well as the improvement of
the operation and maintenance of
these projects and systems. It, there-
fore, endeavours to stimulate and pro-
mote the development and application
of the sciences and technigues of
engineering, agriculture, economics,
ecology and social science in mana-
ging water and land resources for irri-
gation and drainage.

Presently the ICID is the only inter-
nationzl organisation which concen-
trates exclusively on irrigation and
drainage. Up to December 1992 South
Africa had not been a member of this
organisation, but in 1992 South
Africa’s application for membership
as from 1 January 1993, was
approved. In the initiatives to obtain
full membership for South Africa, the
WRC, the Departments of Water
Affairs and Forestry and of Agricul-
ture, the Agricultural Research Coun-
cil and the SA Irrigation Institute,
played important roles.

A stccessful workshop on modelling the soil warer balance of agrictdfural and hvdrologi-
cal svsiems was airended inter alia by (from left} Prof GS Campbell (Washington State
University), Dr J Ananandale (University of Pretovia) and Dr GC Green (WRC)

From an irrigation point of view,
South Africa is in certain respects
unique in the world. Consequently the
local experience and expertise puts
South Africa in a position to make
significant contributions to the aims
of the ICID. At the same time South
African membership provides a plat-
form for regular liaison between local
irrigation scientists/ engineers/tech-
nologists and their counterparts in
other parts of the world.

Completed projects

Maximising irrigation project
efficiency in different soil-
climate-irrigation situations
{No 226) Department of Agrometeorglogy,
University of the OFS

This project’s major aim was to im-
plement and test irrigation scheduling
methedelogies under practical farm
situations.

The results of the research prove
conclusively that scientific irrigation
scheduling not only results in greater
water-use efficiency but is also
amenable to practical, day-to-day,
farm operations. In situations where
farimers had sufficient water, the
scheduling procedures maximised
yield without necessarily increasing
total water use. In water-deficient si-
tuations the scheduling programme
was able to indicate water require-
ments at critical growth stages, so
minimising yield decrease.

During the experimental period it
was gratifying to note the generally
high level of interest of the farming
community mvolved, The experiments
also showed, however, that successful
transfer of new technology. such as
irrigation scheduling, requires inten-
sive co-operation between researcher
and the farming community.,

Cost: R974 000

Term:  [988-71903
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Estimation and evaluation of
moisture stress in crops by
means of remote control aerial
surveillance (No 229) Department of
Soil Science, University of the North

The aim of this project was to develop
the use of remote-controlled aircraft
as low-cost remote sensing platforms
for the detection of crop water stress.

The project team built and tested a
wide range of remote-controlled air-
craft that varied in sophistication from
the simplest glider type to a highly
sophisticated long-range type aircraft.
This was done in order to ensure that
the widest possible range of condi-
tions, as regards landing and take-off
conditions, would be accommaodated.
Similarly, en-board instrumentation
varied in sophistication, with the top
end having colour video imagery
relayed directly from the aircraft to a
ground station and alse being compu-
ter compatible.

The project proved that the remote-
controlled platforms and instrumenta-
tion ¢could identify crop water stress
quickly, accurately and cheaply. The
methodeology could also be applied in
identifying crop disease and nutrient
imbalances.

Cost:  R360 300
1988-1993

Term:

Relationship between climate
and crop factors (No 260)
Deparnnent of Agrometeorology,
Universiey of the OFS

This project aimed at identifying the
relationship between climatic vari-
ables and variation in crop factors.
Traditionally the establishment of a
specific set of crop factors at any one
location, was a fime-consuming
process and spanned a number of sea-
sons. Extrapolation of these factors to
other locations was also very difficult.

The research team was able to iso-
late the influences of the various cli-
matic variables, such as radiation,
wind and humidity on variation in
crop factors, and to express these tela-
tionships in mathematical terms.
Given the climate at any location, the
research team is able to determine
applicable crop factors, at the new
location, with a great degree of confi-
dence. Sound irrtgation scheduling
strategies, of which crop factors are a
core component, can therefore be
implemented swiftly and with confi-
dence at such locations.

Cost:  R241 000

Term:  1989-1993

Eddy correlation appa-
ratus which measures
the transfer of heat
and the water vapour
above a crop through
the high frequency
measurement of flucti-
ations in femperature,
humidity and vertical
wind speed (Photo:
Prof MJ Savage,
University of Natal)
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Development of a consolidated
computer software package for
the management of an irriga-
tion scheme (No 367) Energy
Laboratary, Rand Afrikaans University

This project sought to integrate two
existing simulation packages into a
single irrigation project management
package. These two individual pack-
ages, developed by the same laborato-
ry, firstly simulated water flow in
canals and secondly put in place an
administrative office base.

The consolidated software package
now makes it possible to caleulate
irrigation water releases inte a canal
system, based on water orders, and at
the same time debit each user indivi-
dually for water consumed. The pack-
ages have been successfully tested on
the Loskop Iirigation Scheme and
implemented on various other similar
schemes.

Cost: R49 000
Term: 1991-1902

Decision-making procedures
Jor determination of crop
water requirements (No 379) MBR
inc.

The primary objective of this pilot
project was to assess the feasibility of
establishing a PC-based decision sup-
port system for the estimation of crop
water requirements under irrigation.
The intention was that the procedures
should;

» Be suitable for use by practitioners
with limited computer experience
and training

* Be in line with current international
practice

+ Incorporate both interpreted
research results and the practical
experience of specialists.

An implied secondary objective was
to incorporate in the procedure the
tesults of WRC supported research
projects dealing directly, or indirectly,
with crop water requirements.

A PC-based program, SAPWAT
(Southern African Procedure for esti-
mating irrigation WATer require-
ments) is the main product of this
pilot project. SAPWAT is a comput-




erised procedure for estimating crop
irrigation requirements, and, in com-
mon with sirnilar procedures, is an aid
to estimation, and not a calibrated
simulation model. Each element of the
procedure is an improvement on what
is cwrrently available, even in the ac-
cepted FAO procedures, It is a synthe-
sis of international trends and local
research incorporating information
and models such as ZONEFINDER,
ACRU, PAWC, PEMWAT and
BEWARB developed by the Universi-
ties of Natal, Fort Hare and the
Orange Free State,

Following the recommendation that
SAPWAT be developed to the stage
where it is accepted as the standard
procedure for estimating irrigation
requirements of crops in Southern
Africa, the WRC entered into a fur-
ther agreement with the same research
team. The follow-up project is to
commence in 1994,

Cost: R237 000
Term: 1991-1992

New projects

Effect of pre-programmed
deficit irrigation on crop reac-
HOR (No 423} Departinent of Soil
Science, University of the OFS

In a previous WRC-funded irrigation
project, a water balance scheduling
model (BEWAB), was developed with
the main objective of managing soil-
induced crop water stress in such a
manner as to ensure the maximum
effective use of irrigation water at
farm level. This management tech-
nique has proved to function well
under total irrigation.

It is already known that the occur-
rence and duration of crop water
stress depend on environmental condi-
tions, soil water retention ability and
content, as well as the growth stage
during which the stress occurs.
Various results have indicated that the
application of continuously rationed
water to grain crops does not cause
additional reduction in yield. This
would indicate that a plant physiologi-
cal mechanism exists whereby planis

o

can adapt to deficit irrigation. Too lit-
tle information is, however, available
to offer a proper explanation for the
adaptation phenomena of crops under
sub-optimal water supply conditions.
The purpose of this 4-year investiga-
tion is to launch field experiments,
using different crops, to determine the
effect of pre-planned rationed water
application on the development and
production of crops.

Improved estimation of plant
and soil evaporation from
cropped lands (No 507) Deparment
af Agrometecrology, University of the
OFS

The partitioning of total crop evapora-
tion into the transpiration {effective
use) component and the soil evapora-
tion {wastage) component is one of
the weakest links in current crop
growth and hydrological models. Such
modeis are in increasing demand for
planning and managing irrigation and
for contributing information on the
hydrotogy of agriculturai lands.
Recent evidence suggests that soil
evaporation is a larger and more vari-
able contributor to inefficient crop
water use than previously realised. In
order to use available models for opti-
mising water use efficiency in various
crop production systems, their ability
o correctly partition total crop evapo-
ration into plant and soil components
will have to be improved. The main
aim of this 2-year research project is
to bring about such an improvement.

Modelling the water balance
on bench-mark ecotopes

(N 508) Institute for Soil, Climate and
Water, Agricultural Research Council

In recent years much effort by
researchers in the fields of irrigation,
dryland crop water use and surface
hydrology has gone into the develop-
ment and adaptation of simmlation
models to be used for water manage-
ment within these fields. However,
these models. which are in increasing
demand for decision support purposes.
still have weaknesses.

In South Africa model validation,
especially with regard to the all-
important water budgeting conpo-

nents, bas been largely opportunistic.
The main reascn for this deficiency is
that the acquisition of representative
data sets is extremely costly and labo-
rious. It has therefore become neces-
sary to undertake a well-planned data
acquisition and model evaluation pro-
gramme which will reduce this defi-
ciency.

This 3-year research project aims to
identify 8 benchmark situations, in
each of which a comprehensive data
set of lasting value will be obtained,
expressly for the purpose of evalua-
ting anrd refining water budgeting
model routines typical of those used
in the models to which reference has
been made.

Development of a compu-
terised management system for
irrigation projects (No 513} Energy
Laboratory, Rand Afrikagns University

For a number of years the WRC fun-
ded 2 projects, both compieted at the
end of 1992, that related directly to
the computerised management of
water in irrigation projects, The one
project, at RAU, aimed at an optimi- :
sation system for minimising distribu-
tion losses in irrigation canal systems. i
The second project, at UOFS, aimed
at maximising on-farm irrigation effi-
ciency.

The optimisation system currently
consists of an administrative data
base, a flow simulation model and
concomitant insfrumentation, The sys-
tein has been implemented (partially
or fully} on various irrigation projects
throughout Scuth Africa. Models used
to maximise on-farm irrigation effi-
ciency have been implemented, with
marked success, on a number of farms
in the Bergville-Winterton area,
Taung and in Aliwal-Nouth.

The major aim of this 2-year pro-
ject is to integrate the canal simula-
tionfadministrative data base model
with the on-farm: irrigation scheduling
models, A total package will be made
available to the managers of irrigation
projects that will assist them in ensu-
ring the most efficient use of water in
their projects.
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Evaluation of irrigation tech-
niques used by subsistence and
emergent farmers (No 578) MMB
Inc.

Irrigation systems for subsistence and
emergent farmers have to comply with
the relevant economic criteria, huma-
nitarian objectives and human capa-
bilities. Financial considerations will
provide the incentive and motivation
for these farmers to switch over gra-
dually to commercial irrigation farm-
ing.

An appropriate irrigation system
has to enable the farmer to optimise
the natural resources. In addition the
physical characteristics of the irriga-
tion system have to be such that the
farmer is capable of using it and that
its performance is acceptable from a
water usage point of view. The need
is therefore for relatively inexpensive,
less complicated, irrigation systems.

On the one hand this 2-year project
aims at evaluating existing irrigation
techniques and equipment with a view
to their use by subsistence and emer-
gent farmers and on the other hand
establishing design approaches and
criteria with a view to effective plan-
ning and application of irrigation
under developing conditions.

CH

Computerised weather-based
irrigation water management
system (No 581) Department of Agro-
meteorology, University of the OFS

The Department of Agrometeorology
is in the cjosing stages of a research
contract during which several metho-
dologies aimed at maximising irriga-
tion scheme efficiency in different
soil-climate-irrigation sitwations have
been developed. Some of these
methodologies, which depend largely
on real-time weather data, will en-
hance efficiency of individual irriga-
tors while others will promote effi-
ciency at the decision-making level
relating to water allocation and distri-
bution on the scheme.

This 3-year project is a logical
extension of the past research. Metho-
dologies developed have to be scaled
up and integrated into a comprehen-
sive irrigation water management sys-
tem ultimately to be operated, as a
service, either by the University,
and/or the government extension ser-
vice to irrigation managers country-
wide. There is a growing realisation
that a service of this nature is the most
feasible way of enabling the majority
of irrigators to share fully in the bene-
fits of recent technological advances
in the management of irrigation.

Research projects
Completed

» 226 Maximising immigation project effi-
ciency in different soil-climare-irrigation
situations {University of the Orange Free
State - Department of Agrometeorology)

+ 229 Estimation and evaluation of meis-
ture stress in crops by means of remote
control aerial surveillance (University of
the North - Department of Scil Science)

+ 260 Relationship between climate and
crop factors (University of the Orange
Free State - Department of Agro-
meteorclogy)

« 367 Development of a consolidated com-
puter software package for the manage-
ment ot an irrigation scheme (Rand
Afrikaans University - Energy
Laboratory)

+ 379 Decision-making procedures for
determination of crop waier requirements
{MBB Inc.)

A community garden at Shawela in Gazankulu. Irrigation is by means of short furrows and
water from the reservoir. Each participant cultivares a 45 x 5 (225 ) lot and merkets

the produce locally
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Monitoring the sap flow (transpiration
rate) of eucalyprus irees using a srem
steady state energy balancing technique
{Phota: Prof MJ Savage, University of
Natal)
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Current

227 Storage and utilisation of rain water
in the s0il for the stabilisation of plant
production in semi-arid areas (University
of the OFS - Department of Soil
Science)

228 Factors affecting the water-use effi-
clency of immigated crops with special
reference to the physiological responses
of these crops {University of the OFS -
Department of Agronomy and
Hortology}

257 Water-use efficiency of certain irri-
gated temperate pasture species (Univer-
sity of Pretoria - Department of Plant
Production)

261 Soilfplant/water relations in the
upper reaches of plant available soil
waler {University of Pretoria - Depart-
ment of Soil Science)

262 Moisture sensors to facilitate water
managentent {University of Stellenbosch
- Institute of Polymer Science)

290 Flood and furrow irrigation: A criti-
cal evaluation of design procedures and
the computerisation of the most suitable
approaches (Universily of Pretoria -
Department of Agricultural Enginesring)
301 Tovestigation into the quality of
water for animal production (University
of Pretoria - Department of Animal and
Wildlife Science)

303 Use of saline water for irnigation
purpases and an assessment of sali tole-
rance criteria of crops (University of
Stellenbosch - Department of Seil and
Agricultural Water Science)

-

307 Influence of different water-nitrogen
regimes on crop canopy development,
water flow resistance and crop yield,
with & view to improvement ot irrigation
models {Agricultural Research Council -
Soil, Climate and Water Institute)

343 Developnent of an effective and
envirommentally safe larviciding pro-
gramime for the control of the blackfly,
Stautlivem chutterd, along the Orange
River {Agricultural Research Council -
Onderstepoort Veterinary Institute}

347 Global farm approach to enhancing
the economic efficiency of water and
energy use for inigation in the centrai
RSA {University of the OFS - Depart-
ment of Agricultural Economics)

348 Root development and water usage
of commercial timber species {(Univer-
sity of Natal - Departiment of Agronomy}

372 Assessing the impacts of varying
rainfall conditions on vegetation dyna-
mics, production and centain hydrologi-
cal properties of natural grassland, using
a systent modeiling approach (Potchef-
stroom University for CHE - Department
of Plant and Soi Sciences)

382 Evaluation of the interdependent
faclors which determine the viabiliy of
irrigation [arming (MBB Inc.)

389 Scheduling irrigation of tuber crops
with specific reference to potatoes (Agri-
cultural Research Council - Vegetable
and Omamental Plant Tnstitwe)

417 Optintal water utilisation by wif
{Potchefstroom Umversity for CHE -
Department of Plant and Soil Sciences)

440 Identification of irrigated land in an
intensively cuitivated agricultural area in
the South-Western Cape by means of
satellite remtote sensing (University of
Steilenbosch - Institute for Cartographic
Analysis)

441 Determination of the relationship
between transpiration rate and declining
available soil water for Encalyptus gran-
dis (CSIR - Division of Forest Science
and Technology)

476 Transfer of research results on the
irrigation of vegetable crops inlo practice
{University of Pretoria - Department of
Plant Production}

479 Molecular approach (o drought to-
lerance {Agricultural Research Council -
[nstitute for Plant Biotechnology)

499 Efiect of exchangeable sodium per-
ceniage and clay mineralogy on the infil-
trution capacity of soils already sealed
due to cyclic irrigation (Potchefstroom
University for CHE - Department of
Plant and Seil Sciences)

Bonsmaray wsed in the fluoride grovwedr srial
ar University of Pretoria experinentad farm
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New

423 Effect of pre-programmed deficit
ircigation on crop reaction {University of
the OFS - Department of Soil Science)

507 Improved estimation of plant and
s0i] evaporation from cropped lands
(University of the OFS - Department of
Agrometeorology)

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

513 Development of a computerised
management system for irigation pro-
jects (Rand Afrikaans University -
Energy Laboratory)

578 Evaluation of irrigation techniques
used by subsistence and emergent far-
mers (MMEB Inc.}

581 Computerised weather based niga-
tion water management system {Univer-
sity of the OFS - Department of Agro-
meteorology)

A sovbean root (| mm dia. with branches and nodules) as seen by the minirhisotron video
camera (48 d after planting and ai 35 cmn depth)

The new helicoprer of the Department of Agriculiure preparing for blackfly control along the Orange River. The river between Hopetown
and Augrabies Falls was rreated 5 times between July and September 1993
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Water pollution

I n spite of the fact that experts have
long been warning that pollution ren-
ders our water sources less suitable or
even wholly unsuitable for an inten-
ded purpose this realisation is now
also starting to dawn on the broad
population. It is therefore increasingly
being accepted that in a water-defi-
cient country such as South Africa,
not only is it important to develop
water sources. but that the quality of
these sources should be maintained. In
actual fact, certain experts already
regard the provision of water of an
acceptable quality as a greater long-
term challenge than merely supplying
water in sufficient quantities. In order
1o meet the challenges in this regard. a
two-pronged strategy is being adopted
with regard to the research: on the one
hand research is aimed at eliminating
pollution as far as possible, while on
the other hand determining which le-
vels of pollution would be acceptable
to consumers. The WRC already
funds high-priority research projects
in both categories. As the Department
of Water Affairs and Forestry suc-
ceeds increasingly in managing ihe
various factors determining water
quality in an integrated fashion, the
relative importance of diffuse pollu-

tion is becoming increasingly appa-
rent. These aspects, as well as others,
are therefore also being reflected in
changing research needs and in new
research priorities,

[ this chapter the emphasis is on
Salinisation, Eutrophication and
Water Quality Studies.

Salinisation continues to be one of
the most problematic consequences of
water pollution in South Africa. It is
caused by the addition of a varietly of
salts to the water environment which
is almost inevitably the result of,
among others, the increasing use and
reuse of water necessitated by deve-
lopment. As the sall content of water
increases, it becomes less suitable for
most users. incurring additional costs.
In 1993 the WRC financed 11 salini-
sation prajects of which 2 commenced
during the year and 3 were completed,

Eutrophication is the enrichment
of the water environment with plant
nutrients and the ensuing excessive
growih of algae and water plants.
Serious problems concerning waler
purification and deterioration of the
water environment are still being
experienced as a result. During the
year the WRC financed 7 cutrophica-
tion projects of which one com-

menced during the year and one was
completecl,

The gradual deterioration of water
quality and the increasing awareness
of water guality as a factor determi-
ning the utilisation potential of water,
ied to the identification of a number
of research needs. The WRC currently
finances 13 projects relating to Water
Quality Studies of which 4 com-
menced during the year and 3 were
completed.

Completed projects

Abilities of several solute and
water transport models to pre-
dict the quantity and quality of
water leaving the root zone

{No 196) Department of Soil and Agricul-
fral Water Science, University of
Stellenbosch

Although sophisticated mathemarical
models are available to describe the
physical and hydrochemical processes
occurring in the root zone of soils, the
difference between reality and the
ideal situation which they simulate
often prevents the full potential of the
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models from being realised. The abili-
ties of such models which have vary-
ing degrees of process description
sophistication, were evajuated against
field data, as part of the project. Based
on these evaluations guidance is pro-
vided to researchers and other poten-
tial users with regard to the selection
of mathematical models which can be
used to predict the quantity and com-
position of water draining through the
root zone of irrigated soil. In this way
a contribution is made to the responsi-
ble application of the type of model
used.

Cost: R317 200
Term: 1986-1990

Phosphate export models for
catchments (No 197) Division for
Water Technology, CSIR

This project was aimed at providing
the tools to predict phosphate export
from catchments experiencing
changing phosphate leads from point
and non-point sources. Water quality
management requires predictions of
the effects catchment changes will
have on reservoir eutrophication
under conditions of both good and
poor data availability. To cater for
both situations two distinct types of
models were developed to predict P-
export from non-point sources, viz. a
deterministic model coupled to hydro-

Ci

logy. and a stochastic model based on
measurements of P-concenirations.
The products of this project facilitate
improved predictions of P-export,
both tor catchments with sufficient
data on land-use characteristics, as
well as for catchments with few land-
use data, but with phosphate concen-
tration measurements.

Cost: R266 036
Term: 19588-199]

Design and use of irrigation
systems in the Breé River with
a view to the control of poten-
tial drainage losses (No 256) MBB
Ine.

Measures taken to improve irrigation
efficiency fargely correspond to those
leading to a reduction in drainage
losses, thereby combating the salinisa-
tion of rivers associated with irriga-
tion. The investigation proved the
standard of irrigation design in the
Breé River to be high, thus enabling
farmers to irrigate in such a manner
that drainage losses are reduced.
However, with only a few exceptions,
over-irrigation with concomitant high
drainage losses was generally
observed and low levels of water-use
efficiency were calculated. The least
drainage was calculated for drip imi-
gation, followed by micro- and sprin-
kler irrigation. Subsequent discussions
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with participating farmers indicated a
low level of theoretical knowledge
regarding irrigation scheduling and
that they largely irrigate from own
experience.

Cost: R559 000
Term: 1988-1991

Applicability of hydrodynamic
reservoir models for water
quality management in strafi-
fied water bodies in South
Africa (No 304) Ninham Shand Inc. and
the Department of Civil Engineering,
University of Cape Town

This project aimed to evaluate exis-
ting mathematical models for their
ability to predict stratification and
related processes for South African
impoundments, adapt them as
required and demeonstrate their appli-
cation value. Modelling data bases
were assembled for Hartbeespoort
Dam, Inanda Dam, Roodeplaat Dam
and Vaal Barrage. Four hydrodynamic
reservoir models (DYRESM, MIN-
LAKE, CE-QUAL-W2 and WASP4)
were selected for the investigations. [kt
was found necessary to develop sup-
porting software to enhance both the
input and output side of models, with
a strong accent on computer screen
graphics. The technical feasibility of
destratification by air bubble piume
action was demenstrated for
Roodeplaat Dam and the two-dimen-
sional nature of the translation of the
low-salinity release through the Vaal
Barrage was successfully simulated.
Additional applications will be
demonstrated as part of an extension
of the project to the end of 1994.

Cost: R277 274
Term: 1990-1992

Two-dimensional representation of model-
predicted water guality changes in the
Inanda Dam



Assessment of the feasibility
and impact of alternative water
pollution control options on
TDS concentrations in the
Vaal Barrage and Middle Vaal
(No 326) SRK (CE) Inc.

The 2-year study reviewed the relative
contributions from major sectors to
the salinity loads in the Vaal Barrage
and Middle Vaal catchment areas.
Data from industrial premises, mines,
power stations and municipal sewage
works were assembled, collated and
analysed to provide an integral view
of point-scurce salinisation of the
Vaal River. The combined point
sources discharge 298 M{/d of efflu-
ent, containing 568 t of TDS, to the
Vaal River.

Of the various pollution control
options, blending still seems the most
attractive interim means of controlling
TDS levels; this is because it is rela-
tively inexpensive and is also applica-
ble to non-point sources. Centralised
effivent treatment can be considered
when adequate areal grouping of simi-
lar industry types is realised in future.

Cost: RO0OO 000
Term: 1990-799]

Establishing revised water
quality criteria for the South
African coastal zone (No 401)
Division of Earth, Marine and Atmos-
pheric Science and Technalogy, CSIR

Use of the Water Quality Criteria for
the South African Coastal Zone
(WQCSA), which were formulated in
1984, revealed certain shortcomings,
especially regarding human health
aspects. To enable incorporation of
interim local and international deve-
lopments in the field, the CSIR was
commissioned te convene a user-
representative workshop to update the
existing WQCSA.,

The revised version, entitled Warer
Quality Guidelines for the SA Coastal
Zone (WQGSA), addresses aesthetics,
chemical and physical variables, nu-
trients, toXic organic and inorganic
compounds. microbiclogical variables
and radioactivity. Its application will
not only enable deep-sea outfall
design, but also acceptable develop-

&

ment and maintenance of the coastal
Zone.

WQGSA will be incorporated into
the Department of Water Affairs and
Forestry’s envisaged publication
series of various water-related quality
guidelines.

Cast: R65 000
Term.; 1991-1992

Soil buffering of rain-water
salinity in the Vaal Dam catch-
ment (No 414) Department of
Agronomy, University of Natal

Indications ate that the sulphur dio-
xide levels, due to combustion, in the
Eastern Transvaal highveld air are
equivalent to ten times the annual salt
load entering the Vaal Dam. If only
[0% of the sulphur dioxide disselved
as sulphates in rain should fall in the
catchment area, it wili in the long
term cause the salt content of the Vaal
Dam to double. One of the uncertain-
ties in this regard is the degree to
which these salts can be retained by
the soil. This investigation indicated
that although certain soils in the
catchment area have the ability to
absorb large quantities of salts, these
in total cannot retain significant
amounts. On the other hand the pre-
sent sulphate content of the so0il is
already at such levels as to make it
virtually impossible to distinguish it
from additionally added sulphate in
rain.

Cost: Ri42 200
Term: 199i-1993

New projects

Pilot study fo investigate alter-
native management options to
enhance the use of saline
water for irrigation purposes
{No 5322) Department of Soil and
Agriculriral Hvdrology, University of
Steflenbosch

Salt concentration is one of the major
variables which deterntines the quality
of water for irrigation purposes. The
Department of Water Affairs and

Forestry attempts to manage water
quality in such a way that it complies
with the demands of among others,
irrigators. In order to verify these
requirements for wine-grapes nnder
local conditions, the WRC already
funds research to determine how
yields are affected when irrigating
with water of varying salt concentra-
ticns. For this purpose irrigation prac-
tices generally found in the area, are
employed. It is, however, known that
the effect of high salt concentrations
i irrigation water can be reduced by
management measures at farm level,
e.g. high-frequency and subsurface
drip irrigation. During this pilot study
over 30 months the effectiveness of
such alternative management mea-
sures will be investigated.

Lower Vet River water quality
situation analysis with particu-
lar reference to the OFS gold-
fields (No 523) Siewart Sco Ing.

As part of a previous WRC-funded
investigation in the OFS Goldtields a
good deal of water quality related
information was gathered which
should form the background for the
drawing-up of a water quality
management plan for the area, The
gap between the information gathered
during this investigation and the needs
of a management plan can be best
bridged by an analysis of the water
quality situation in the greater catch-
ment area. As such a sitvation analy-
sis will assist in the practical applica-
tion of research results, the WRC sup-
ports this I-year project.

Developing a rule model for
the design of stream water
quality monitoring strategies in
the forestry industry (No 524)
Division of Forest Teclmology, CSIR

The need for information on the
impact of different forestry practices
on water quality, is expected to
increase as a result of the greater
emphasis that the Department of
Water Atfairs and Forestry is placing
on water pollution originating from
diffuse sources. A data base with
information on water quality under a
wide range of flow conditions for a
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variety of different forest treatments
was assembled over a period of 17
years by the former South African
Forestry Research Institute. This data
base is expected to yield valuable
information about the potential for
water quality degradation posed by
different forestry treatments. It will be
used as part of this 1-year study to
derive a rule-based model or set of
guidelines for the forestry industry.
The rule model will be used in deter-
mining the most cost-effective
methods for water quality monitoring
for both short- and long-term goals.

Development of a dynamic
model for the growth and
bloom of algae in the Vaal
River (No 536) Department of Applied
Mathematics, University of the OFS

The runoff to the Vaal River of
dornestic and industrial waste pro-
ducts rich in plant nutrients leads to a
eutrophic condition and therefore
favourable conditions for algal bloom.
These algae cause aesthetic problems
for all river users, increase the purifi-
cation costs of drinking water and
create considerable problems for the
organisations having to provide drin-
king water from the river, inter alia
due to the unpleasant odours and
tastes of this water. From a manageri-
al point of view it is therefore de-

Ci

sirable to have an efficieni mathemati-
cal model with which reliable predic-
tions ¢an be made of the occurrence,
nature and extent of algal blooms, in
order that suitable countermeasures
may be taken timeously. The purpose
of this 3-year project is to develop
such a management model, based on a
promising model already developed
by the University.

Potential for the use of eco-
nomic instruments to protect
the quality of water resources
in South Africa {No 574) Economic
Praject Evaluation (Pty) Lid

It is generally accepted that the tradi-
tional legislative, or command-and-
control, approach to controlling water
quality faces many difficulties. This
approach can experience daunting
administrative problems and is often
difficult and costly to apply. It can,
furthermore, be inequitable, and may
also have dubious incentive effects. It
is anticipated that an economic
appreach to water quality control may
offer significant benefits by way of
enhanced effectiveness and reduced
cost. This, however, needs to be con-
firmed in practice. This 2-year project
will use the upper Olifants River basin
to compare the two approaches and
assess the practicality of employing
economic measures to protect water

A laboratory model that can practically determine changes in the microbial

poptilation in a river
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quality in South Africa. It will also
assess the benefits that could ensue
from adopting an economic approach
to water quality management.

Development of a laboratory
river model to determine the
environmental impacts of key
xenobiotic compounds (No 583)
International Centre for Waste Tech-
nology, University of Natal and Umgeni
Water

Man-made molecules already com-
prise in excess of 20% of the 4 mil-
lion chemicals present in the bios-
phere. Although some of these are
toxic, the environmental impact
potential of the majority has yet to be
determined and this situation keeps on
deteriorating. As effluents consist of a
mixture of various substances, it is
even more difficult to assess their
potential impact, This 3-year project
makes use of the fact that the micro-
biolegical population is one of the
foundations on which higher life
forms depend and build on to get an
indication of the impact of foreign
substances on the environment. For
this purpose a physical laboratory
model will be developed imitating
microbiological processes in a river
and determining the effect of man-
made compounds of key interest on
these processes. The large numbers in
which microbes occur make it easier
to arrive at statistically significant and
justifiable conclusions,



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

Most hydrological models require
geographically based input data.
Before the advent of geographical

bt
information systems (GIS) most of the
required data were labour-intensively
measured and calculated from existing
maps. Due to the time-consuming
nature of the process the potential of
the hydrological models could often
not be fully realised. Currently the
potentiai of GIS technology is still not
properly realised in hydrological mo-

delling, one of the reasons being that
it is necessary to bring together the

skills of divergent disciplines for this.
The aim of this 18-month project 1s to
demonstrate the potential of GIS tech-
nology by integrating a GIS model
with the DISA model (a daily irriga-
tion and salinisation analysis systems
model).

L . S

Instrumentation used in a projecr ro derermine the relarionship between annospheric deposition and water guality in o small upland

catchment
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Research projects

Completed

196 Abilities of several solute and water
transport models to predict the quantity
and quality of water leaving the root
zone {(University of Stellenbosch -
Departrment of Soil and Agricultural
Water Science)

197 Phosphate export models for catch-
ments {CSIR - Division of Water
Technology)

256 Design and use of irrigation systems
in the Breg River with a view to the con-
trol of potential drainage losses (MBB
Inc

304 Applicability of hydrodynarmic
reservolr models for water quality man-
agement in stratified water bodies in
South Africa (Ninham Shand Inc. and
the University of Cape Town -
Department of Civil Engineering)

326 Assessment of the feasibility and
impact of alternative water pollution
control options on TDS concentrations in
the Vaal Barrage and Middle Vaal (SRK
(CEY Inc.}

41 Revised waler quality criteria for the
South African coastal zone (CSIR -
Division of Earth, Marine and Atmos-
pheric Science and Technology)

414 Soil buffering of rain-water salinity

in the Vaal Dam catchment (University
of Natal - Department of Agronomy)

Current

195 Hydrosalinity stodies in the Eastern
Cape (Rhedes University - Institute for
Water Research)

266 Extension of the management-
onentated models for euttophication
control (CSIR - Division of Water
Technology)

269 Four-electrode electrical conductivi-
ty and electromagnetic tinduction tech-
nigques of $01] salinity measurement for
use under South African conditions
(University of Natal - Department of
Agronemy)

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

313 Concentration ratios of selected
radionuclides in aquatic ecosysiems
affected by mine drainage effluents
{Rand Afrikaans University -
Department of Zoology)

344 Contribution of groundwater to the
salt load of the Breg River using natural
isotopes and chemical tracers (University
of the Orange Free State - Institute for
Groundwater Studies

359 Phytoplankion blooms in the Vaal
River and the environmental variables
responsible tor their development and
decline (University of the Orange Free
State - Department of Botany)

364 Field dilution studies on large off-
shore pipelines (CSIR - Division of
Earth, Marine and Atmosphenic Science
and Technology)

369 Completion of research relating to
the DISA model - A daily irvigation 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 - Divisicn of Water Technology
and Rand Water)

404 Manual for waste koad allocations in
South Africa (CSIR - Environmental
Services)

403 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 polintion: Pathogenic micro-

organisms (University of Pretoria -
Department of Medical Virology}

419 Water quality and gquantity 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
Vaalharts irrigation scheme (Stewart
Scett Inc.)

421 Relationship between armospheric
deposition and water quality in a small
upland catchment {CSIR - Division of
Water Technology)

443 Compilation of guidelines for the
use of peraxone and other oxidants in
the treatment of eutrophic water (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 entrophication with
specitic reference to the Umgeni catch-
ment (University of Natal - Department
of Chemical Engineering and Umgeni
Water)

+ 498 Collection and evaluation of ranoff
water quality data from a disused teedlot
in Natal (CSIR - Division of Water
Technology)

New

+ 522 Pilot study to investigate alternative
management opticns 1o enhance the use
of saline water for irrigation purposes
{University of Stellenbosch - Department
of Soil and Agricultural Hydrelogy)

+ 523 Lower Vet River water quality sia-
tion analysis with particular reference to
the OFS gold-fields {Stewart Scott ing.)

« 524 Developrment of a rule mode! for the
desizn of stream water quality monito-
ring strategies in the forestry industry
(CSIR - Division of Forestry Science)

+ 336 Development of a dynamic model
for the growth and bioom of algae in the
Vaal River (University of the OFS -
Department of Applied Science)

+ 574 Potential for the use of economic
instruments to protect the quality of
water resources in South Africa
{Economic Project Evaluation (Pty) Lid}

¢+ 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)

« 588 Demonstrating the potential of geo-
graphical information systems technolo-
gy in hydrosalinity modelling by using
the DISA model (University of
Stellenbosch - Institute for Geographical
intormation)
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Municipal effl

The Co-ordinating Committee for
Sanitation reviewed the research plan
for sanitation during 1993, but no
major changes were made. For the
first time this Committee was able to
review a list of current research pro-
jects in the field from the WRC-
funded project register.

The number and complexity of
organic chemicals available to, and
therefore subject to release by indus-
try, is so great that the time and cost
of analysing for each is prohibitive.
The use of standard organisms to test
for the presence of toxic compounds
is a cost-effective method for assaying
water quality, and the first few stan-
dard tests have recently been specified
by the Environmental Protection
Agency in the USA as part of the bat-
tery of tests for monitoring water
quality. In recognition of the bioassay
being a cost-effective way of testing
for toxicity in water and effluents
which is suitable for use by the
Department of Water Affairs and
Forestry, the WRC is currently fund-
ing projects in this field, the first of
which are due te be completed during
1994,

Internationally, the technologies of

bioaugmentation, bioremediation and
biostimulation are increasingly pro-
ving to be economic methods for the
rehabilitation of sites polluted by
industrial waste or spillage. This reha-
bilitation of sites using biologicai
organisms is seen as a future growth
industry worid-wide. In recognition of
South Africa’s need for this type of
technelogy, the WRC is funding pro-
jects in this area which aim to address
specific problems known to occur in
South Africa.

The WRC has continued to support
the initiative of transferring the tech-
nology of waste-water treatment {o the
works personnel. The development of
competency-based training for water-
care personnel is progressing well,
and has almost reached the point
where the first courses can be deve-
loped. In addition to this, a number of
one-day workshops were funded at
venues throughout the country to
instruct works personnel on the use of
the Operating Guide for the Anaero-
bic Digestion of Waste-water Sludge
published during 1992.

In this field which encompasses
Sewage Treatment, Sewage Sludge
Treatment and Disposal and Wet-

lands, the WRC supported 22 projects
during 1993, of which 6 commenced
during the year, 14 are current and 2
were compieted.

Completed projecis

Biological phosphate removal
mechanisms in the activated
sludge process (No 314) Department
of Microbiology and Plant Pathology,
Uiversity of Pretoria

An understanding of the metabolic
mechanisms responsible for the accu-
mulation of excess phosphate by bac-
terial cells in the activated sludge
process would enable the management
of the phosphorus removal process to
be refined. Application of the refined
process would enable the industry to
consistently achieve a higher quality
of effluent. With this in mind, the
researchers classified al! the strains of
Acinetobacter (the bacteria responsi-
ble for most of the P-removal) and
investigated possible connections
between the presence of enzymes and
the ability to remove P. A finding
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Dr WR Ross photographed iogether with works personnel witending his one-day workshop
on the use of the “Operating Guide for the Anaerobic Digestion of Waste-water Sludge” in

Pretoria

emerging from this project was that
Acinetobacter is not the only bacte-
rium responsible for phosphorus
removal in P-removal activated sludge
systems.

Cost: R153 000
Term: 1990-1993

Comprehensive study of an iron-
phosphate removal system

{No 430) Division of Water Technology.
CSIR

The main aim of the study was to
optimise conditions for the continuous
removal of phosphates from sewage
effluents in & contacior filled with iron
filings. The effects of pH, tempera-
ture, presence of other ions and heavy
metals in solution and the retention
time in the contactor were investiga-
ted,

It was shown that phosphate levels
could be reduced from about 6 mg P//
to less than | mg P/ The optimal pH
range was 6,8 to 8,2 and a tempera-
ture range of between 10°C and 28°C
had ne detrimental effect on the
process.

Heavy metals, such as chrome, cop-
per and nickel, as well as calcium and
magnesium ions, had no significant
effect on phosphate removal. As
expected, the Jonger the tetention time
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of the effluent in the contactor, the
higher the level of phosphate removal
proved to be.

Cost: R89 600
Term: 1993

New projects

Causes and control of A/A
Jilament bulking in nutrient
removal activated sludge sys-
tems (Np 542) Department of Civil
Engineering, University of Cape Town

Sludge bulking is a persistent problem
in nutrient removal activated sludge
plants, causing poor solid/liquid sepa-
ration through poor sludge settleabili-
ty. The prevention of sludge bulking
would enable existing plants to treat
more effluent, thereby saving the
industry a substantial sum of money.
Other methods aimed at specific con-
trol of bulking sludges have been
unsuccessful, but during this 3-year
project the researchers will investigate
the hypothesis that the intermediate
products of denitrification are respon-
sible for inhibiting the growth of the
tloc-forming bacteria, thereby giving
the filamentous bacteria the competi-
tive advantage.

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

Sites contaminated by organic pollu-
tants are widespread in South Africa,
although the extent of the problem has
not been fully assessed. During this 2-
year project the researchers will make
a preliminary assessment of the extent
of the problem. and then address cer-
tain specific organics. A protocol will
be developed [or assessing the effi-
ciency of specific bacteria for the
bioremediation of specific substances.
The project tearn will investigate the
bioremediation of a number of refrac-
tory chemicals using defined proce-
dures, and the economics of the tech-
nology, and will make recommenda-
tions for the application of the tech-
nelogy to contaminated sites,

Study of activated sludge
microbial population dynamics
Jfor the optimisation of biologi-
cal phosphorus removal (No 554)
Department of Microbiclogy and Plant
Pathology, University of Pretoria

Previous studies of the process of
enhanced biclogical phosphorus
removal {EBPR) have focused on the
process rather than the species of bac-
teria invelved. During this project the
researchers will investigate two main
aspects of the process which address
the role of individual species. The
first is to what extent EBPR depends
on community structure in the activa-

Soil columns used to study the bio-
rewnediation of soils in the laboratory



ted sludge, and the second is what
role do genera other than Acfreto-
bacter play in the uptake and storage
of excess phosphorus.

This 3-year project aims to isolate
and determine the efficiency of organ-
isms other than Acinetobacter which
can take up and store excess phos-
phate and to establish the role of
species diversity in the activated
sludge community structure in phos-
phorus removal.

Limitation of convection cur-
rents in clarifiers (No 555) .
Department of Chemical E;zgiiiéerfn o,
University of Pretoria

In the purificatien of drinking water
and sewage the gravity separation of
floc plays a decisive réle. Unfortu-
nately the temperature of the water in
a clarifier is virtually never in equilib-
rium with that of the environment.
The resultant heat exchange gives rise
to convection currenis in the clarifier
which affect gravity separation detri-
mentally. If convection currents could
be brought under control, not only
could smaller clarifiers be built, but
water of a betier quality could also be
produced.

In order to possibly utilise the
potential benefits mentioned, the 1-
year project aims to quantify the
occurrence of convection currents at a
sewage works and at an industrial
effluent treatment works, as well as to
conduct laboratory studies to evaluate
the impact of various anti-convection
mechanisms.

Refinement of design parame-
ters for sludge thickening by
dissolved air flotation (No 556)
Energy Laboratory, Rand Afrikaans
Universiiy

During a plant survey of flotation
units conducted at the request of the
WRC. the thickening plants for acti-
vated sludge showed a wide variation
with respect to certain critical design
parameters, At the same time it is a
fact that dissolved air flotation is con-
sidered by certain users to be an
unsatisfactory methed of sludge thick-
ening. while others find the process to
be highly satisfactory. The major defi-

s

ciency in the survey just completed,
was that such statements can virtually
never be supported by reliable analyti-
cal data.

The aim of this 2-year project,
therefore, is to attempt to ascertain the
optimum values of certain major
design variables, with the aid of the
critical evaluation of full-scale thick-
ening plants and supporting laboratory
tests. The extent to which pilot-scale
results can be applied directly for the
design and optimisation of full-scale
plants will be determined.

Development of a cross-flow
microfiltration unit to improve
the performance of anaerobic
digesters at waste-water treat-
ment works (No 560) Department of
Chentical Engineering, University of Naval

The use of a suitable filtration unit to
recycle biomass effectively decouples
the solids and liquid residence times
within an anaerobic digester. Such
decoupling enables the volumetric
throughput of a digester to be substan-
tially increased without impairing bio-
mass digestion. As a result, existing
works are able 1o cope with small
increases in flow and to delay the con-
struction of additional digesters,
which would otherwise be necessary.
Moreover, downstream processes also
benefit because of the reduced volu-

metric loading to the sludge dewate-
ring equipment.

The aim of this 3-year project is to
develop and demonstrate the ability of
the woven-tube cross-flow microfil-
tration unit to improve the perfor-
mance of anaerobic digesters. The
study will be conducted at the Durban
Carporation’s Northern Waste-water
Treatment Works.

High-rate recirculation and
solids contact optimisation of
biological filtration plants

{No 569) Wates, Meiring and Barnard Inc.

Biofiltration has been the workhorse
of the South African waste-water
treatment industry for decades, but its
inflexibility and the large volumes of
media required to achieve acceptable
effluent quality make this process less
desirable. However, many biofilter
plants are operational in the country,
and so South Africa needs technolo-
gies to upgrade these plants cost-
effectively. The aims of this 2-year
project are to develop operational and
design criteria for two moditications
of the conventional biofiltration
process, the first of which is the high-
rate recirculation directly around the
biofilter, and the second is optimisa-
tion of the biofiitration solids contact,
a process which can remove some
phosphorus when managed properly,

Pilot plai for high-rate recirenlation of secondary efffuent through a biofilter
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The first electron-microscope
Photos of “small round viruses”
in South Africa:

{a) without antibodies; and

(b) with antibodies which cause
virus clumping. This facilitates
observations and typing

(Rod = 100 mim)

{Photos: Dr MB Tayior, UP)

Aerial view of Lethlabite Waste-water Treatiment Works near Brits, Transvaal, where the PETRO process has been successfully applied
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Research projects
Completed

« 314 Biological phosphate removal mech-
anisms in the activated sludge process
{University of Pretoria - Departument of
Microbiology and Plant Pathology)

+ 430 Comprehensive study of an iron-
phosphate removal system (CSIR -
Division of Water Technology)

Current

* 232 Preparation of engineering design
zuidelines for artificial wetlands for
waste-water reatment {CSIRE - Divislon
of Water Technology and Stewart Scott
Ine.)

+ 248 Chemical augmentation of biologi-
cal phosphate removal (City Council of
Johannesborg)

+ 286 Deveiopment and evaluation of spe-
cific control methods for ameliorating
low AFA bulking (University of Cape
Town - Department of Civil
Enginesring)

* 316 Aspects of sewage sludge weatment
and disposal (City Council of
Johannesburg)

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

* 356 Consolidation of activaled sludge
research {University of Cape Town -
Department of Civil Engineering)

366 Full-scale piict plant studies on
phosphate crystallisation in biological
systems (CSIR - Diviston of Water
Technology and City Councii of
Pretoria)

391 Ce-disposal of sewage sludge and
refuse {City Council of Cape Town)

416 Application apd performance of
full-scale constructed wetlands for
waste-water treatment in South Africa
{8RK Inc.)

427 Development of electro-osmotic
sludge dewatering lechnology (CSIR -
Division of Water Technotogy)

429 Bic-augmentation technoiogy for
waste-water treatment in South Africa
{CSIR - Division of Water Technology)
462 Activated fixed and suspended cul-
tures for nitrification (University of
Pretoriz ~ Department of Chemical
Engineering)

491 Pond enhanced irickling filter oper-

ation {PETRO) {Wates, Melring and
Barnard Ine. and CSIR - Division of
Waler Technology)

496 Human viruses in diffuse effiuents
and related water environments
{University of Pretoria - Department of
Medical Virology)

New

542 Causes and control of Af4 filament
bulking in ntutrient removal activated
sludge systems (University of Cape
Town - Department of Civil
Engineering}

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

554 Stwudy of activated sludge microbial
population dynamics for the optimisation
of biological phosphorus remaval
{University of Pretoria - Depariment 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 flota-
tion (Rand Afrikaans University -
Energy Laboratory)

360 Development of a cross-flow micro-
filtration unit 1o improve the perfor-
mance of anaerobic digesters at wasle-
water treatment works (University of
Natal - Department of Chemical
Engineering. Pollution Research Group)
569 High-rate recirculation and solids
contact optimisation of biological filtra-
tion plants (Wates, Meiring and Barnard
Inc.)




Industrial effluents

I n 1973 overseas consultants, by rea-
son of their extensive experience re-
garding the environmental problems
cansed by industrial effluents, identi-
fied research needs and developed
guidelines according to which re-
search in this field ought to be under-
taken. Research priorities were also
determined and the WRC has
financed a number of projects in the
industrial field over the years.

The serious drought of 1983, with
the concomitant water restrictions,
challenged industries anew and guide-
lines focusing on water conservation
had to be adapted especially. One of
the consequences was the well-known
NATSURV project. The project com-
prised a national survey of industrial
water and waste water. The aim of
this investigation was firstly to deve-
lop a data base which could be used
for water intake and pollution loads

readily attained by industry. Secondly,

an attempt was made to establish the
areas requiring research to assist
industry in improving its water and
waste-water management at minimam
cost or even to its own advantage.
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Fourteen industry-directed guides
resulted from the NATSURYV project.
During the year the last two of these
guides were published, viz. Warer and
Waste-water Management in the
Textile Industry and Water and
Waste-water Management in the Wine
Industry.

The 38 research projects supported
during the year in this category deal
with water and waste-water manage-
ment in a wide range of industries
which include the sugar; pulp and
paper; meat; wool; sorghum beer;
steel; dairy; hides and skins; and fruit
and vegetable industries. Projects
aimed at power station water econo-
my are also dealt with in this chapter.

Of the 38 projects 3 were comple-
ted during the year and 6 commenced.

Completed projects

Degradation of mortar linings
and concrete by micro-orga-
nisms in industrial water sys-
Lems (No 398) Engineering Investiga-
tions Division, Eskom

This study evaluated the effects of
micro-organisms and the concentra-
tion of aggressive chemical species on
the mortar linings and concrete used
to protect mild steel pipework.

Active microbially induced corro-
sion occurred in the test rigs as
demeonstrated by the metal loss deter-
mined on the mild steel samples. The
evaluation showed no deleterious
effects on the coucrete and mortar
samples under the test conditions,
while uniform microbial attachment
was identified on all the material eva-
luated.

The addition of a biodispersant to
the non-sterile rig resulted in a signifi-
cant reduction in the numbers of
attached bacteria.

Mortar linings and concrete were
therefore considered to be suitable



alternative materiais for the corrosion
protection of industrial water systems
with similar water chemistry to that
used in this investigation.

Caost: RI0O0 000
Term: 199]-1993

Interaction between the boun-
dary layer and Kendal Power
Station natural-draught dry-
cooling tower (No 452) Division of
Earth, Marine and Afmospheric Science
and Technology, CSIR, and Eskom

Earlier work at Grootvlei Power
Station revealed a significant interac-
tion between the cooling towers and
the stable boundary layer. In the light
of the importance of dry-cooling, and
its susceptibility to environmental
temperature fields, it is impertant to
establish the effect of scale-up on the
performance of natural-draught dry-
cooling towers. The earlier study was,
therefore, repeated at Kendal Power
Station where the cooling towers each
serve 660 MW generators.

The results obtained indicate that
the existing inter-tower spacing is
prebably insufficient to prevent inter-
action between adjacent cooling tow-
ers under calin wind conditions and
during prevailing winds from certain
quadrants. Tower interaction disturbs
the stable boundary layer causing air
warmer than that of the undisturbed
boundary layer to enter an adjacent
cooling tower and could, therefore,
impair its efficiency.

Cost: R200 000
Term: 1992

Laboratory-scale treatment of
acetic acid effluents by the
anaerobic digestion/ultrafiltra-
tion (ADUF) process (No 459)
Membratek (Piy) Lid

The possibility of treating sugar pro-
ducers” acetic acid effluent by means
of the ADUF process, was investiga-
ted using a laboratory set-up.

The results of the preliminary study
indicated that although the effluent
was readily biodegradable, high load
rates could not be obtained. Two
causes were thought to have an inhibi-

Ci

tory effect on microbial action. First-
ly, the effluent contained furfural
which is known for its bactericidal
properties, and secondly the effluent
suffered severe nutrient deficiencies,
even though phosphate and nitrogen
were added on a regular basis.
Nevertheless, the flux values of the
ultrafiltration unit conld be main-
tained at 20 to 30 //m2.h and fouling
was never serious enough to cause
decreased throughput,

Cost: R39 800
Term: 1992

New projects

Technology transfer of aguatic
chemical speciation modelling
{No 5330) Department of Chemical
Engineering, University of Natal

An in-depth knowledge of the chemi-
cal composition of a water system and
its interaction with its surroundings is
essential for the understanding of phe-
nomena as diverse as bioavailability
and nutrient cycling, biotoxicity, sca-

The United States Envirenmental
Protection Agency (USEPA) has
funded the development of a PC-
based general geochemical speciation
program, called MINTEQA2, which
can be used to calculate the equili-
brinm composition of solutions or
natural aquatic systems. The aim of
the 2-year project is to promote the
local use of the chemical speciation
program MINTEQA? - acting as a
link between the USEPA and South
African users.

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

The plating industry generates large
quantities of heavily contaminated
effluents containing a variety of metal
cations, organic acids and other
organic derivatives. Such effluents are
difficult to treat, even with existing
precipitative techniques. Consequently
the etfluents either have to be dis-
posed of in costly evaporation ponds,
thereby merely transferring the eco-
logical problem, or have to be treated

ling and corrosien, ground-
water quality, leachate atten-
uation, water and effiuent
treatment, chemical dosing
and desalination.

A model of the proposed tan-
nery waste-water tregivent
pilor plant to be constructed at
LIR!, Grahamstown, Eastern
Cuape, for the extension of
Project 437




destructively, resulting in further and
worse ecopollution,

There is therefore a need for real
purification of plating effluents. The
techniques to be investigated in the
course of this 1-year project, will be
restricted to the so-called liquid-
membrane extraction systems. Selec-
tive chemical precipitation is a strong
support technique planned for com-
plementary application.

Use of filamentous micro-
organisms for the purification
of industrial effluents (No 535)
Departmeny of Chemical Engineering,
University of Pretoria

The University of Pretoria has been
engaged for the past 10 years in pur-
posefully cultivating filamentous
micro-organisms to purify effluents,
while at the same time producing
single-cell protein. From this research
has now emerged the fact that, due to
the specific chemical composition of
the effluents, each effluent has its own
specific micro-organism yielding the
best result. In this regard it was found
that the fungus Geotrichum yielded
the best results for petroleum effluent,
while Aspergillus shows promise for
the treatment of paper effluent.

Ci

As considerable experience and
expettise have been gained in the cul-
ture of Geotrichum and Aspergillus,
this 2-year project aims to expand this
expertise to make the treatment of
paper and sugar effluents with fungi
a practical reality.

Development and demonsira-
tion of effluent treatment sys-
tems appropriate fo the needs
of the red meat abattoir indus-
Iry (No 546) SRK (CE) Inc.

The red meat abattoir industry is re-
presented by some 300 abattoirs in the
Republic of South Africa. These abat-
toirs exert a significant influence on
national water resources in that they
are water-intensive operations using at
least 7 million m¥a and impose heavy
loads on treatment works and recei-
ving waters, discharging about 6 mil-
lion m¥a of effluent.

Over the period 1983 to 1984 the
WRC supported investigative work
aimed at establishing water and efflu-
ent management guidelines for the red
meat abattoir industry. A number of
treatment technologies were evaluated
including screening, sedimentation,
dissolved air flotation and membrane
systems.

There is a strong feeling within the
abattoir industry that the time is now
appropriate o evaluate the effluent
treatment needs of abattoirs of all
sizes and situations, The work envi-
saged during this 2-year project would
include:

+ Auditing water-use and effluent
production across a spectrum of
different abattoir operations

+ Reviewing and confinming water
reuse opportanities in abattoirs

» Updating the industry’s knowledge
on effluent treatment technologies
available

+ Developing these treatment tech-
nologies into the context of cost-
effective systems.

A scanning electron micrograph of filtered raw waiter obtained from Wiggins Water Treatment Plant in Durban (scale is shown at bottom

of micrographs):

fa) Before hydrodynamic cavitation
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{b) After hydrodynamic cavitation. The dispersion of bacteria and

algae is shown clearly




Evaluation of the potential
quantity of methane gas from
85 anaerobic household
digesters (No 551) BE La Trobe

The Grahamstown municipality has
installed 85 individual anaerobic
digesters at its new site and service
area of the Coloured township as an
alternative sewage treatiment system.
Permission has been obtained from
the City Council to collect the digester
emitted gases by inter-connecting all
the digester vent pipes. It wil} thus be
possible to monitor gas formation, its
quality and quantity, at a central col-
lection point. If sufficient, the biogas
could be utilised to provide energy for
communal hot water or a cooking
facility.

If this 2-year project provides posi-
tive results, it couid be of great bene-
fit to the local inhabitants of the site
and services areas throughout South
Africa. Although the research on the
production and capture of methane
gas from large anaercbic digesters and
sewage works is well documented, the
collection of methane gas from
digesters serving individual facilities.
as a sanitation facility. needs further
study.

q

Evaluation of immobilised
semi-conductor particles for
the photo-catalytic oxidation of
organic pollutants in industrial
and municipal waste water

{No 552) Department of Chemistry,
University of Stellenbosch

The purification of polluted water has
become a priority as far as the conser-
vation of the environment is con-
cerned. Considerable progress has
already been made with varions tech-
nologies to deal with this problem.
Biolegical degradation is an important
technique but is restricted by the slow
rate at which certain compounds break
down. Other compounds are immune
to biological degradation. New deve-
lopments have, in the mean time,
taken place and oxidants can now be
generated photochemically in solu-
tion.

The aim of this 2-year project is to
develop a system at laboratory scale
in which immobilised semi-conductor
particles will be used to oxidise pollu-
tants in runoff photo-catalytically by
means of commercial lamps and/or
sunlight.

Should the above investigations be
concluded successfully, the systems
can be scaled up to pilot-plant scale
and eventually to commercial scale. It
is foreseen that a portable system
could be developed for application
wherever crisis poliution may arise.

Application of capillary mem-
branes in the biotechnological
treatment of industrial
effluents (No 553) Institure of Polymer
Science, University of Stellenbosch

Pressure-driven membrane separation
is a relatively new unit process initial-
ly developed for the purpese of water
desalination. As the various unit pro-
cesses have become established in the
course of time, membrane separators
have also been used more often in
applications other than the traditional
removal of salt or colour from
drinking water.

The pressure-driven membrane
processes in particular, can profitably
be used in conjunction with other unit
processes for the treatment of indus-
trial effluents. The effective separa-
tion and reclamation of biomass or its
products in the biotechnological treat-
ment of effluents represent a problem
and delay the estabiishment of this
technology.

The aim of this 2-year project is
specifically to investigate the use of
capillary membranes in the bio-
technological treatment of industrial
effluents. The research will centre on
two biological treatment processes.

Treated
water

MNeutralization
reactor

|

Limestone
feader

o0,
bt

1

Crystaliization
reactor

Limestong Water level

Loadeel

o I Fluidised
limeskzne

Feed
waler

Pitot-scale high-rate oxidation ponds constructed at Western

Tanning Company, Wellington, Cape Province

Flow diagran of cone-shaped fluidised bed reactor and crvsial-
lisation reactor for the nentralisation of water containing ligh
concentrations of sulphuric acid with cafcium carbonate
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Research projects
Completed

+ 398 Degradation of moriar linings and
concrete by micro-organisms in indusirial
water systems {Eskom - Engineering
Investigations Division)

» 452 Interaction between the boundary
layer and Kendal Power Station natural-
draught dry-cooling tower (CSIR - Divi-
sion of Earth, Mariae and Atmospheric
Science and Technology and Eskom)

» 459 Laboratory-scale reatment of acetic
acid effluents by the anaercbic digestion/
ultrafiltration (ADUF) process
(Membratek (Piy} Lid)

Current

« 161 Treatment of wool scouring effluents
{University of Natal - Department of
Chemical Engineering, SRK (CE) Inc. and
Gubb and Inggs {Pty) Ltd)

+ 239 Transfer of waste-water management
technology to the meat processing industry
{SRK {CE)} Inc. and South African
Abattoir Corporation)}

+ 241 Dewatering of compressible filter
cakes {University of Natal - Department of
Chermical Engineering)

+ 263 Biological treatment of industrial
water with the simultangous production of
single cell protein (University of Pretoria -
Department of Chemical Engineering)

+ 285 Evaluation of various factors affec-
ting dry-wet cooling {Eskom ancl
University of Stellenbosch - Bureau of
Mechanical Enginesring)

+ 308 Recovery of water and chemicals
from ien-gxchange regeneration effluents
{University of Natal - Department of
Chemical Engineering}

+ 309 Phase diagrams of complex precipi-
tants (University of Natal - Depariment of
Chemical Engineering)

+ 315 Utilisation of the tungus Georrichum
in waste water (University of Pretona -
Department of Chemical Engineering)

* 318 Optimisation of biofouling contral
programimes (University of Pretoria -
Diepartment of Microbiology)

+ 322 Study on a mine-waler reclamation
test plant {Chamber of Mines Research
Organisation)

+ 331 Improved oxygen transfer for high
biosludge concentrations {University of
Pretoria - Department of Chemical
Engineening}

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

342 Improvement in waier usage control
and waste-water treatment in the sorghum
beer industry {Universily of Pretoria -
Department of Chemical Engineering)
335 Neutralisation of water containing
high concentrations of sulphwric acid with
calcium carbonate {C5IR - Division of
Water Technology)

357 Microbiological transformations of
metal contaminated effluents (University
of Durban-Westville - Department of
Microbiology}

365 Evalyation and improvement of the
anaerobic digestionfultrafiltration {ADUF)
effluent treatment process (CSIR -
Division of Water Technology)

338 Evaluation of varicus methads for the
forming of free radicals for the oxidation
of molecules in industrial effluents and
potable water {University of Natal -
Department of Chemical Engineering,
Follution Research Group)

393 Use of algae to bioassay for toxic sub-
stances fn water (Untversity of the Orange
Free State - Departrnent of Botany}

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

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

410 Biclogical approach to the removal of
organics from saline eftluents (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 Produchon
Institte, Agricnitural Research Unit)

456 Regiconal treatment ot textile and
industrial effluents (University of MNatal -
Department of Chemical Engineering}

457 Monitoring and optimisation study of
high-rate biofiltration, aerobic biological
treatment processes for tannery and fell-
mongery wasle water {LIRI Technologies)

+ 458 Development of an expert systems
approach i water management it the fruit
and vegetable processing industry (SRK
{CE} Inc.}

» 464 Use of yeast biomass and yeast pro-
ducts 1o accumulate toxic and valuable
heavy metals trom waste water (Rhodes
University - Department of Biochemistry
and Microbiology}

+ 478 Saving of waler with air-cooled heat
exchangers {University of Stellenbosch -
Department of Mechanical Engineering
and Eskom)

+ 495 Biotechnelogical approach to the
removal of organics from saline effluents
{Rhodes University - Department of
Biochemistry and Microbiology)

New

+ 330 Technology transter of aquatic chemni-
cal speciation modelling (University of
Natal - Department of Chemical
Engineering, Pollution Research Group)

+ 533 Extractive purification of industrial
effluent (Potchefstroom Usniversity for
CHO - Departnent of Chemical
Engineering}

« 535 Use of fliamentous 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} Tnc.)

+ 551 Evaluation of the potential quantity ot
methane gas from 85 anaerobic household
digesters {BE La Trobe)

» 532 Evaluation of immobilised semj-con-
ductor particles for the photo-catalytic oxi-
dation of organic pellutants in industrial
and municipal waste water (University of
Stellenbosch - Department of Chemistry)

» 333 Application of capillary membranes in
the biotechnological treatment of indus-
trial eftivents {University of Stellenbosch -
Institute of Poiymer Science)
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Drinking water

]

The water consumer is becoming
more and more critical regarding both
the quality and cost of the drinking
water which reaches him. Coupled to
this, the increasing threat of pollution
makes certain demands on the one
hand. while on the other hand. there is
an increased tendency by regulating
authorities world-wide to lay down
ever more stringent quality criteria for
drinking water.

The drinking water supplied is first-
ly judged by means of the consumer’s
own senses which normally include:
smell. taste, temperatuce, colour and
turbidity. Because the water con-
sumer is unable to judge the other
quality criteria, such as microbiologi-
cal quality, and inorganic and organic
quality, he is in this respect dependent
on the water supplier and the organi-
sations which are in control of the
quality. In order to ensure the desired
quality levels under increasingly
dermnanding circumstances. the watet
supplier requires the necessary tech-
nology to ensure that the treated water
complies with the guidelines.

In the above regard the WRC sup-
ports various research programmes
and projects pertaining to drinking
water in the following main research

areas. i.e. Water Treatment and
Reclamation, Drinking-Water
Quality and Health Aspects and
Urban and Rural Water Supply.

Water treatment and
reclamation

As recommended in the WRC Strate-
gic Plan for Research on Potable
Water Treatment, the accent in drin-
king-water research has shifted
loward research on the “Cost-effective
Provision of Water to the Unserved
Communities™ {More information on
this is also given in Chapter 13 of
this report). However, the majority of
the South African population is still
being supplied from conventional
water treatment and distribution sys-
tems. Therefore. taking into account
the worsening pollution of swrface
water sources and the increasing qua-
lity awareness of both the consumer
and supplier of potable water, further
research on the bulk treatment and
supply of potable water is becoming
even more important than in the past.
The current research thrusts in this
field revolve around the following:

» Oxidation and disinfection proces-
ses in the treatment of, especially,
eutrophic water

* Understanding and modelling the
role of algae in cost-effective water
treatment

= Improving our understanding of,
and drawing up of guidelines for,
the treatment of various typical
Soutl African raw water sources.

Drinking-water quality
and health aspects

The Co-ordinating Committee for
Health-related Water Quality held is
5th meeting this year and, inter alia,
made certain refinements to its strate-
gic research plan and list of research
projects. Three research projects in
this category were completed and 4
projects commenced. One of the new
projects concerns algal toxins - a sub-
ject which is receiving world-wide
attention these days.
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Urban and rural water
supply

Workshops on fluid flow mea-
surement

The WRC and Kent Measurement of
Johannesburg, jointly organised a
series of 3 workshops which were run
by Dr Richard Furness, an expert in
fluid flow measurement from the UK.
Dr Furness is currently business direc-
tor at ABB Kent-Taylor, UK. He has
been involved with flow measurement
for more than 20 years and has been
actively involved with the drafting of
a number of BS specifications. He is
also chairman of the ISO Committee
on furbine and positive displacement
meders.

During the past decade, flow mea-
surement has undergone many new
developmenis. There are currently
more than 100 different ways to mea-
sure flow. The aim of the above-men-
tioned workshops was to equip practi-
tioners with an understanding of
aspects such as meter behaviour,
meter design, installation considera-
tions, calibration methods, and criteria
for the selection of equipment. This
technical seminar covered the practi-
cal aspects of fluid flow measurement.

By all accounts, the visit by Dr
Furness was an outstanding success
with seme 250 persons attending the 3
workshops, held in Cape Town,
Johannesburg and Durban. The largest
attendance of 145 was in
Johannesburg. A notable feature of
the attendance at each venue was the
large number of attendanis from con-
suiting engineering firms.

Completed projects

Bacteriophages as water quali-
ty indicators (No 321) Department of
Medicat Virology, University of Pretoria

In research on indicater systems
which are more reliable for human
viruses than faecal bacteria, the indi-
cator features of bacteriophages
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(phages} are currently being investi-
gated (phages are viruses which infect
bacteria). The main objective of the
research was to investigate the possi-
bility of using certain groups of
phages as indicators of water quality,
particularly with regard to human
viruses. One of the results is that
techniques for the detection of B.
Jragilis phages, which are more com-
plicated than those of commonly used
coliphages, have been established and
optimised. Evidence has been pre-
sented that phages fulfil the funda-
mental requirements of indicators for
faecal pathegens, notably human
viruses. Indicator features of phages
disclosed by this and other studies
warrant further research regarding
their application in practice for water
guality assessment and also for the
detection of low numbers of phages in
large volumes of water.

Cost:  R203 400
Term: 1990-1992

Development of guidelines for
the design and application of
dissolved air flotation/filtration
Processes (No 332) GFF lnc. and BS
Bergman and Partners

A South African design guide for dis-
solved air flotation (DAF) has been
published as a technology transfer
document for both local and overseas
distribution.

Since South Africa was one of the
pioneering countries regarding the
research on, and design of, DAF
processes for potable water produc-
tion, it was considered fitting to pro-
duce a practical, user-friendly design
guide to augment the scant design
information generally available in
textbooks on this process.

The guide covers both potable
walter treatment and thickening of
sewage sludges, and was compiled
from a coungry-wide plant survey,
incorporating the available interna-
tional literature.

Cost: R75 000
Term: 1990-7991

Mutagenicity of drinking water
produced with conventional
treatinent methods of surface
water SOUrces (No 360) Rand Water

The main objective of the project was
to investigate the occurrence of muta-
gens {compounds which can increase
the frequency of mutation in die DNA
molecule and which in certain instan-
ces can lead to carcinogenesis) and
the impact of the treatment process on
them. No mutagenicity was detected
in the raw water or in the water afier
the various treatiment stages, except
after breakpoint chlorination. The
mutagens can be removed using acti-
vated carbon(GAC). No mutagenicity
was detected in cases where the water
was treated with chlorine dioxide or
chloramine. Although there were
indications of mutagenicity under cer-
tain circumstances, these were, how-
ever, in such negligible concentrations
as to have no health implications.

Cost: R150 000
Term: 199]-1992

Determination of exposure to
chemical residues in South
African food and water intake
(No 399) Depariment of Community
Health, University of Cape Town

A knowledge of the quantities of dif-
ferent types of liquids and foeds con-
sumed by ar individual is necessary to
ascertain the relative importance of
various dietary pathways in the con-
sumption of pesticide residues. This
information is also important for the
rational setting of standards for conta-
minants.

Dietary surveys were carried out in
Cape Town during the period 1983 to
1990 on 5 000 persons. The method
used was the 24-hour recall. The data
were analysed using the South
African food composition tables of
the Medical Research Council.

Food intake tables for individual
food items as well as food groups are
given.

Cost: R34 000
Term: 1991-71992



Magnetite as flocculant in
water purification processes
{No 473) Department of Chemical and
Environmental Engineering, University of
Pretoria

Large quantities of magnetite are pro-
duced annually as a by-product by
various mines in South Africa and
only a small guantity is commercially
utilised.

Various aspects of the water purifi-
cation ability of magnetite, as reported
in the literature, were verified for the
South African conditions. It was
demonstrated that the magnetite
removes organic colour in particular,
as well as turbidity, phosphates,
geosmin and COD. The efficiency of
removal increases when the pH of the
water drops.

It was recommended that the fol-
lowing pessible applications exist in
the South African water purification
industry, for which the magnetite
process presents an economically
competitive alternative to other purifi-
cation processes:

» Drinking-water sources high in
colour, and low in turbidity, alka-
linity and pH

* Industrial effluents having high
colour, especially of organic origin,
and low pH

* Acid mine water.

Pilot-scale studies will, however, be
necessary to establish these possibili-
ties in practice.

Cost: R20 G0¢
Term: 1992

New projects

Ozonation in the production of
potable water from polluted
surface water (No 446} Rand Warer
and the Department of Chemical
Engineering, University of Preioria

The primary objective of this 3-year
project is to determine the impact of
ozonation on coagulation, flocculation
and filtration with respect to the
removal of inorganic and organic sus-
pended material, with specific refer-

C

ence to the activated silica and lime
process. The removal of undesirable
dissolved substances and the forma-
tion of by-products will be investiga-
ted as part of the project.

The Vaal River catchment is one of
the catchments in which intensive
industrial activity and high-density
population give rise to salinisation of
the raw water and eutrophication-
related water purification problems.
The use of ozone, before and during
the purification process, has the po-
tential to optimise certain processes. If
this optimisation results in the expect-
ed cost savings with respect to chemi-
cals, it will be to the advantage of
Rand Water and its consumers.

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

In the southern coastal regions of
South Africa organically coloured sur-
face waters are used as primary seurce
of drinking-water supply. Treatment
of the coloured waters is still to a
large degree empirical.

Colowr remnoval by means of the direci-
serigs filter at a forestry station in the SE
Cape Province

Problems encountered with the
treatment of coloured waters include
ameng others the following:

» Inefficient stabilisation of the
water, leading to corrosion of the
distribution networks

* Poor colour removal due to insuffi-
cient dosing of coagulants when the
quality of the raw water changes

= High aluminium residue in the final
water due to overdosing

= Problems with the handling of large
volumes of lime sludge.

The aim of this 2-year project there-
fore is to determine the limits of the
effectiveness of the various unit
processes, in order to establish guide-
lines for the design of future works or
for the upgrading of existing works.

Guidelines to coagulation and
flocculation for South African
Waters (No 537) Pavel Polasek and
Associates

In a previous report (Report No
217/1/89) submitted to the WRC it
was found that effective coagulation
and flocculation were still two of the
main problem areas in drinking-water
treatiment in South Africa. Surveys
showed that many water treatment
plant coagulation and flocculation
systeins were incorrectly and inade-
quately designed for the type of water
that was treated.

Upgrading the systems for chemical
dosing and tloc formation, and elimi-
nating outdated designs and arrange-
ments, would lead to improved pro-
duct water quality, greater permissible
hydraulic loadings and cost savings
because of smaller-sized plants and
reduced consumption of chemicals.

The aim of this 2-year project is
thus to provide a manual for the
design of more efficient chemical do-
sing plants and coagulation-floccula-
tion systems for purifying most of the
typical South African waters.
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Investigation of inorganic
materials derived from water
purification processes for
ceramic applications (No 538}
Division af Materials Science and
Technology, CSIR

Sludges and silts produced by water-
works create disposal problems
world-wide. Finding a use for such
materials could possibly eliminate or
reduce these disposal problems, by
preventing the spoiling of land or
fouling of waterways, reducing dis-
posal costs, and creating possibilities
of financial return from the sale of
products, such as inexpensive bricks,
blocks and tiles for low-cost housing.
Waterworks sludges have been
identified as a source of raw material
for the production of bricks and tiles.
The aims of this 1-year project are to
do a preliminary technical and eco-
nomic feasibility study of waterworks
sludges for the production of bricks.
blocks, tiles, or any other alternative
traditional ceramic applications.

Evaluation of the use of bacte-
riophages as indicators for

waler quality {Ne 540) Department of

Medical Virology, University of Pretoria

The overall objective of this research
is to turther evaluate and develop in
practice the use of bacteriophages
{viruses using bacteria as hosts) as
indicators of water quality. The
behaviour of selected bacteriophages
and groups of them will be studied
relative to other indicators and human
viruses in water treatment process
environments, in order to make up for
deficiencies when using bacterio-
phages as indicators. Special attention
will be paid to the numbers in which
bacteriophages occur in waste water
and polluted water environments, as
well as to their survival. In order to be
able to significantly address these
matters more sensitive methods for
the detection of bacteriophages need
to be developed. This 3-year project
follows on an earlier research project
on bacteriophages as indicator orga-
nisms, which was also carried out by
the University of Pretoria.
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Bio-degradable organic
compounds and microbial
regrowth in drinking water
{No 541) Rand Water

In spite of the disinfection of drinking
water micro-organisms can still col-
lect in distribution systems. This
microbial aftergrowth can inciude a
variety of micro-organisms which not
only pose health implications, but also
cause undesirable odours and tastes.

The presence of dissolved
biodegradable or assimilable organic
material in raw and treated water is
probably the main reasen for the
occurrence of microbial aftergrowth
in water distribution systems. In the
project which will be cartied out over
a 3-year period, the most suitable
method for the determination of dis-
solved biodegradable material will be
investigated first of all. Furthermore,
various water treatment processes
with regard to the removal of bio-
degradable material will be evaluated.
An investigation will also be carried
out on the minimum concentration of
biodegradable or assimilable material
for the growth of certain bacteria.

Algal toxins in drinking-water
supplies (No 549) Ungeni Water and
the Division of Water Technology, CSIR

Algae in water can cause many pro-
blems: they can for example interfere
with treatrnent processes, cause aes-
thetic, taste and edour problems and
they can be a health hazard by pro-
ducing toxins. There is currently a
renewed interest in algal toxins and
their potential heaith implicatien, also
for human beings.

The overall aim of the 3-year pro-
ject is to obtain a more complete pic-
ture of the occurrence of algal toxins
in South African water supplies. The
key issue is the development of one or
more sensitive assays to detect the
presence of the toxins. With a more
extensive data base on the oceurrence
and actual concentration of toxins in
water supplies, it will be possible to
rationally assess the seriousness of the
problem in the RSA; to estimate the
survival of toxins in water after
destruction or decomposition of algal
blooms; and to plan and design for
the most suitable and cost-effective
remedial actions.

PEREIEY i

Combined flotation/filiration plant for the treatment of eutrophic surface water at Rieivlei,
Pretoria



Optimal operation of combined
flotation/filtration of eutrophic
surface water (No 557) Energy
Laboratory, Rand Afrikaans University

In spite of the considerable progress
made in the recent past with the refi-
ning of practical design guidelines for
the flotation of eutrophic water, there
are doubtful areas especially with
regard to the coagulation options and
flocculation requirements. This is
clearly indicated in the literature study
and plant survey of dissolved air flota-
tion recently completed at the instance
of the WRC.

The aim of this 2-year research pro-
ject is to optimise the following para-
meters for the combined flotation/fil-
tration of a typically eutrophic surface
water by means of bench-scale and
full-scale plant tests:

« Optinum flocculation conditions in
terms of energy input, as well as
time, inclusive of the choice and
dose of main coagulant, and the
choice, dose and position of support
coagulant

+ Monitoring of filtrate in terms of
residual coagulani

O

+ Optimal chemical dosing of filter
wash-water with a view to wash-
water reclamation.

Algal rupture - further inves-
tigation (No 558) Umgeni Water

Following upon a preliminary study,
this 1-year project aims to investigate
the extent of algal rupture taking place
in raw water mains due to pressure
fluctuations between the point of
abstraction and the water treatment
plant.

When subjected to large pressure
fluctuations, as does occur in water
lines laid across hilly terrain, the cell
walls of a certain fraction of the algae
present in the water will burst and cell
contents are released into the water.
The released contents contain unwan-
ted trace organics stich as geosmin,
algal toxins and trihalomethanes,
which might lead to increased treat-
ment costs in order to remove these
substances. Preliminary studies show
that this is indeed the case.

Occurrence and distribution of
algal species and related sub-
stances in a full-scale water
purification planrt (No 567)
Department of Botany and Genetics,
University of the OFS

Eutrophication and salinisation in the
Vaal River result in large-scale algal
blooms and, consequently, in sexious
ecological, aesthetic and water purifi-
cation problems. Inadequate informa-
fion is available on the connections
between morphological and physio-
logical characieristics of specific
problem-causing phytoplankton
species on the one hand, and aspects
of water purification processes such as
oxidation, flocculation, sedimentation,
filration and flotation on the other
hand.

The research will contribute toward
understanding of the effects of algal
growth on purification processes with
the aim ta develop technigues to
rermave algal material more efficiently
from the raw water, This 4-year pro-
ject will follow an interdisciplinary
approach by involving engineering
and chemically orientated persons in
addition to biologists and will also

k

A fill-scale water treatinent plani of Goldficlds Water at Balkfortein, Bothaville. OFS
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involve co-operative research with
Geriman scientists from the Wahn-
bachtal Reservoir Association near
Bonn.

Development of an Exxpress
unit for the production of
potable water and the dewate-
ring of waterworks sludges
{No 568) Umgeni Warer

Earlier sludge dewatering work done
on a prototype Exxpress unit yielded a
large body of knowledge on the mech-
anisms that determine cake formation,
cake recovery and tube blockages.
Procedures have been developed to
aid the design and operation of the
process.

In addition to its application for the
dewatering of waterworks sludges, the
Exxpress process can provide potable
quality water (without the addition of
cheinicals) at high fluxes and with
low energy consumption,

For comiercialisation of the pro-
cess one must be in the position to
supply relevant plant-scale advice. In
order to do so a full-scale plant must
be available for experimental and
developmental purposes.

The aim of the 3-year project is to
construct a full-scale plant to:

= Develop and demonstrate the
Exxpress process for the dewate-
ring of waterworks sludges

+ Apply the Exxpress process to the
production of potable water from
river water,

An atlas of potentially water-
related diseases in South
Aﬁ'ica {No 584) Department of
Conununiry Health, University of Cape
Town

Few datu are readily available on the
incidence or prevalence in South
Africa of potentially infectious water-
related diseases. For the amelioration
of these diseases, many of which are
rife among the rural and poorer sec-
tors of society, it is important that all
available information for South Africa
is collated in a systematic form and
that gaps in information are identified.
The overall aim of this 2-year project
is, therefore, to provide a systematic,
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comprehensive atlas of diseases
potentiaily related to water in South
Africa. In this process a thorough
computerised bibliography of the cho-
sen diseases would be assembled.
Maps of the distribution of the disease
in South Africa, and descriptive notes,
would be produced. These maps
would be at the spatial resolution (in
most cases) of magisterial or statisti-
cal regions. Maps of mortality for all
deaths registeted in South Africa
would be plotted for each of the di-
seases listed in the atlas (if appropri-
ate).

Evaluation of water pipe leaks
in the Johannesburg munici-
pal area (No 587) Division of
Materials, Science and Technology, CSIR

The leakage of water from municipal
water distribution mains is a problem
facing all water authorities world-
wide. South Africa is no exception.
Losses of 20% or more are not
uncomImon.

Clearly, this waste of water is vnac
ceptable under the current pressures
on South Africa’s water resources.

This 2-year project aims to critical-
ly examine the reasons for leaks from
water pipes izt Johannesburg and to
classify the causes of leaks. Findings
will be compared with other areas,
possibly Pretoria. Although corTosion
is accepted as being responsible for
the bulk of the leaks occurring in
water pipes, no detailed systematic
evaluation has been undertaken to
classify the corrosion mechanisms
responsible for failure. This aspect is
considered to be critically important if
correct remedial measures are to be
implemented. Furthermore, the results
will indicate where further research
should be directed in order to decrease
the number of leaks occurring, and
this will be applicable to all municipal
areas in South Africa.
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Research projects
Completed

» 321 Bacteriophages as water quality
indicators (University of Pretoria -
Department of Medical Virology}

+ 332 Guidelines for the design and appli-
cation of dissolved air flotation/Nltration
processes (BS Bergman and Pattners
Ine. and GFI Ineld

+ 360 Mutagenicity of drinking water pro-
duced with conventional treatment
methods of surface water sources {Rand
Water)

= 399 Delermination of exposure to che-
wmical residues in South African food and
water intake (University of Cape Town
- Department of Community Health}

« 473 Magnetite as flocculant in water
purification processes (University of
Pretoriz - Department of Chemical and
Environmental Engineering, Division of
Water Utilsation)

Current

« 254 Eifects of varying water qualily on
the corrosion of different pipe materials
in the PWV/Klerksdorp areas (CSIR -
Division of Materials Science and
Technology)

+ 2539 Effect of water quality and chemi-
cal composition an corrosivity in mild
steel pipelines (Rand Water)

« 280 Evaluation of Tull-scale Hotation-
filtration and chlorine dioxide plants
{OFS Gold Fields Waier Bowrd)

« 281 Effect of water quality on the effec-
tiveness of chlorine dioxide in drinking-
waler treatment (Rand Water)

» 282 Developrment of & combination of
sedimentation. flotation and sand filtra-
N processes for waler treatment
{(SEDIDAFF) (CSIR - Division of Waley
Technology)

« 354 Evaluation and development of
deep-bed fAltration for the reaument of
South Afvican surfuce waters (CSIR -
Division of Water Technology and Local
Government Affairs Councit)

+ 358 Development of guidelines for toxi-
city bio-assaying of drinking and envi-
ronmental waters in South Africa (ZSIR
- Division of Water Technology)

+ 363 Development and evaluation of
simall-scale potable water treatment
equipment {Llmiversity of Natal -
Deparument of Chemical Engineering
and Umgeni Water)

381 Carrosion performance of various
non-metallic piping materials and coa-
tings in potable water (CSIR - Division
of Materiais Science and Technology)
383 Holistic approach to affordable
planning and maintenance of water and
sewer systems (Water Management
Services)

40¢ Research into domestic meter
replacement policy and testing of water
meters {CSIR - Division of Building
Technology)

432 Microbialogical comosion of ¢com-
mon piping materials in the PWV area
(CSIR - Division of Materials Science
and Technology)}

434 Evaluating the long-term: use of
polypropylene for hot- and cold-water
piping (CSIR - Division of Materials
Science and Technology)

445 The removal of colour from Cape
waters using ozonation and ulwafiltration
{Stewart Scott Inc.)

448 Improvement of injection nozzles
for dissolved air Aotation (Rand
Afrikaans University - Department of
Civil Engineering)

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

430 Performance criteria lor package
water reatment plants (Umgeni Water
and Universily of Natal - Depaniment of
Chemical Engineering. Pollution
Research Group)

451 Ocecurrence of prowwzoal parasites in
South African drinking waler {CSIR -
Division of Water Technology}

469 Swdies en microbiological drin-
king-water quality guidelines (CSIR -
Division of Water Technology)

470 Application of health risk assess-
ment echnigues o microbial monitoring
data (CSIR - Division of Water
Technology)

472 Characterisation of South African
media for sand fileration {Rand
Afrikaans University - Department of
Civil Engineering)

488 Optimisation of the Rand Water
system (University of the Witwatersrand
- Water Systems Research Group}

489 Development of procedures for the
control of unaccounted-for winer in
water distribution systems and for the
reduction of water loss (De Leuw Cather
lnc.)

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

New

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

+ 534 Guidelines for the treatment of
Eastern and Southern Cape colowred
water {CSIR - Division of Water
Technology

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

+ 538 Investigation of inorganic materials
derived from water purification proces-
ses for ceramic application (CSIR -
Diviston of Materials Science and
Technology)

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

+ 541 Bio-degradable organic compounds
and microbial regrowth in drinking water
{Rand Water)

+ 549 Algal oxins in drinking-water sup-
plies (CSIR - Division of Water
Technology)

+ 557 Optimal operation of combined
{lotation/filiration of eutrophic surface
water (Rand Afrikauns University -
Energy Laboratory)

+ 538 Algal rupture - Further investigation
{Umgeni Water)

+ 567 Occurrence and distribution of algai
species and related substances in a full-
scale water purification plant {(University
of the OFS - Department of Botany and
Senelics)

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

¢ 384 Attas of patentially waler-relatcd
disease in South Africa (University of
Cape Town - Department ol Community
Health)

+ 587 Evaluation of water pipe leaks in the
Johannesburg munictpal area (CSIR -
Division of Material Science and
Technoiogy)
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Membrane technology

S ynthetic membranes are being used
all over the world in a growing range
of applications. Membranes have
become cost-effective industrial pro-
ducts and currently membrane sys-
tems are being used in efficient unit
processes of considerable technical
and commercial importance - particu-
larly in the desalination of brackish
water or sea water for potable use, or
in the treatment of industrial effluents.

In the field of water purification,
membranes are also destined to play
an ever-increasing role in future in
South Africa. Overseas projections are
that there will be an annual growth
rate of approximately 5%, for reverse
osmosis membranes alone, over the
next few years.

In South Africa, however, research
funding is on a rapidly declining path
and it has, therefore, become impera-
tive that we use our dwindling funds
and available scientific manpower to
the best advantage in the national
interest. To that end the WRC has
taken the initiative to develop a strate-
gic plan for membrane research and
development in South Africa. The
first meeting of the working group
responsible for the creation of this
strategic plan was held during June
19%3 at the WRC. The main aim was
to establish research needs and priori-
ties for the optimal development and
exploitation of synthetic membranes
in the water field in South Africa.

It is hoped o finalise this strategic
research plan early in 1994 and to
implement the findings during the
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evaluation of new research proposals
in the membrane technology field as
early as May 1994,

During the year under review 8 pro-
jects were finalised, 6 commenced
and 10 were on-going.

Completed projects

Membrane development and
Jabrication for reverse osmosis
and ulirafiltration (No 172)
Institute for Polymer Science, University
of Stellenbosch

This investigation was conducted
along 2 broad fronts, namely:

* The chemistry of suitable polymers
for membrane production and the
evaluation of novel membranes

* Engineering development of mem-
brane fabrication equipment for
practical application and commer-
cialisation.

The main results were found to be:

+ The consistency of membrane per-
formance and membrane adherence
to a polyether terphthalate base was
improved by changing the mem-
brane-forming polymer, reducing
the rate of precipitation and increa-
sing the viscosity of the casting
solution

» The composition of casting solu-
tions, for the support membrane,
was optimised and suitable flat-

sheet, thin-film compesite mem-
branes were produced

+ The incorporation of primary
diamines resulted in effective cross-
linking of the membrane structure
by the formation of salts, without
the use of thermal curing.

Cost: RI 222 410
Teim: [985-1987

Development of fixed and
dynamic membrane systems
Jor the treatment of brackish
water and effluents (No 219)
Institure for Polymer Science, University
of Srellenbosch

The main aim of this study was to
effect improvements in cellulose
acetate membranes and newly deve-
loped ultrafiltration and reverse osmo-
sis membranes.

The main results emanating from
this work were:

+ Substandard cellulose acetate mem-
branes could be regenerated by
novel cross-linking of polymers and
deteriorated spiral-wrap membranes
could be upgraded

+ Polyether sulphone ultrafiliration
and nanofiltration membranes were
produced with low molecular mass
cut-offs and also vsed as support
media for dynamic membranes

« Siable, thin-filrm composite mem-
branes were developed with
improved reverse osmosis perfor-
mance



+ A series of polyacrylic copolymers
were synthesised and evaluated as
dynamic membranes in typical
industrial effluents

+ Techniques to produce wet phase-
inversion membranes were success-
fully implemented.

Cost: R] 751 277
Term: 1988-19971

Development of a South
African electrodialysis mem-
brane system (No 395) Division of
Water Technology, CSIR

The main aims of this limited investi-
gation were to:

+ Design and construct a laboratory-
size prototype electrodialysis (ED)
unit from materials available in
South Africa

» Evaluate the performance of the ED
unit for brackish water desalination

» Evaluate the batch ED system for
the treatment of nickel and zinc
electroplating rinse waters

» Develop heterogeneous ion-
exchange membranes and to deter-
mine their characteristics.

The main results obiained were:

* A prototype ED unit could be
wholly manufactured from local
materials

+ The performance of the prototype
ED unit compared favourably with
that of a commercially available ED
unit, for brackish water desalination

* [t was possible to treat nickel and
zinc electroplating rinse waters
effectively with ED for metal and
waler recovery

» Heterogeneous ion-exchange mem-
branes could be prepared from local
resins.

Cost: R89 142
Term. 1997

Evaluation of prototype capil-
lary micro- and ultrafiltration
membranes for industrial
application (No 397) Membrarek (Pty)
Lid

This project comprised 2 phases,
namely the investigation and modei-
ling of the hydrodynamic characteris-
tics of the capillary system and evalu-
ation of its performance in the labora-
tory by using real feedwaters.

The prototype capillary modules
had characteristics similar to regular
% mm tubular uitrafiltration units, with
the major advantage of lower pressure
drop at increased flow velocities.

The major advantages of the capil-
lary modules were found to be the fol-
lowing:

= Capillary modules could operate at
higher linear flow velocity for
increased turbulence, with resultant
higher flux

+ The high packing density, together
with the low cast of construction,
renders this capillary configuration
eminently suitable for the clarifica-
tion of a variety of feedwaters

» Fouling could be controlled by
adopting highert than normal (low
velocities and standard chemical
cleaning methods.

Cost: R25 000
Term: 199]-1992

Modelling of flow through
porous membranes (No 402}
Department of Applied Mathematics,
University of Stellenbosch

The design of large-scale membrane
systems necessitates, inter alia, a
thorough understanding of the basic
flow phenomena through such porous
media. Accordingly, this study aimed
to effect analytical modelling of flow
through the different pore structures
found in synthetic membranes and to
establish a computer code to study
and predict tlow phenomena in com-
plex membrane systems.

A new set of equations for fluid
movement through and adjacent to a

—-There-exists-a-need-in-membranetech=

synthetic membrane were established.
These equations may be used in future
mathematical and computational
research on membrane processes and
design of membrane systems.
Although this report deals primarily
with water seepage through synthetic
membranes, the mathematical results
are applicable to any Newtonian fluid
or porous medium.

Cost: R76 000
Term: 1991-1992

Feasibility study of membrane
characterisation by electro-
chemical measurements and
membrane optimisation with
computational fluid mechanics
(No 431} Department of Chewical Engi-
neering, Porchefstroom Universiry for
CHE

nology to find easily measurable,

- comparable and reliable-parameters--

for different types of membrane. The
project was aimed at obtaining a pro-
file of the permeability or compaction
of a membrane, using dynamic, elec-
fric measurements.

The main results were as follows:

* A hydredynamic, characterisable
cell was developed for the electro-
chemical measurements, and-the - .

- placement-of-the - measuring.clec-

* The format and suitgble. material for
the manufacturé of the electrodes
weré investigated

» The suitability of the equipiment for
the electrochenieal characterisation
of the Jnemlﬂes was investigated

+ Finite element analysis was
employed to investigate the defor-
mation of the membrane

+ Computational fluid mechanics
techniques were employed to
numerically determine tlow distri-
bution, tensions and deformations
of a hollpw-fibre membrane with
SUCCESS.

Cost: R83 000
Term. 1992
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Reaction kinetics in a slurry
precipitation and recycle
reverse osmosis (SPARRO)
seed reactor (No 461) Division of
Mining Technology, CSIR

Eariier work on-the-slurry..precipita—

—tion-and recycle reverse-osmeasis-—

—-(SPARR®)-plant has led to the belief
that if the short contact time between
the raw water and the seeded slurry
before entering the RO modules were
increased, it would enable raw water
“contaminants” to be captured in the
gypsum crystal matrix and prevent
them from degrading membrane per-
formance.

This study concluded that mem-
brane degradation does not appear to
be due to the foregoing postulate, but
rather to a combination of phenomena
associated with the increasing concen-
tration of dissclved and suspended
solids in the feed to successive rows
of membrane modules. Radioactivity
may be one such phenomenon] .

—radionuclides-appearto-bealmost—
~.._totally_rejected.by-the-membranes,
__even when their overall-sait-rejection
= i§-poeT—-

Cost: R56 250
Term: 1992

Development of an ultrafiltra-
fion pretreatment system for
sea-water desalination by
reverse OSmosis (No 467)
Membratek (Pty) Lid

Extensive pretreatment of the raw sea
water is required for the successful
operation of reverse osmosis plants.
The aim of this project was to develop
a suitable ultrafiltration system for the
pretreatment of sea water, in-partieu-

XTO invegtigate the requirements of
stich a system and the optimisation
of flow configurations and system
desigh to maximise flux values

+ To develop a cost-effective ultrafil-
tration pretreatment system

*+ To evaluale__; the pei’f_onnance of the
developed pretreatment system
through pilot'studies. -
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Both medium and low melecular mass
cut-off membranes were found to be
prone to fouling. Physical examina-
tion of the foulants indicated that both
organic and inorganic materials were
present.

Tubular sea-water ultrafiltration
modules could be cleaned mechani-
cally with sponge balls, whilst smaller
tubular and capillary modules
required biochemical cleaning.

Cost: R65 500
Tern: 1992

New projects

Membrane characterisation by
electrochemical measurements
and membrane optimisation
with computational fluid
mechanics (No 529) Department of
Chemical Engineering, Porchefstroom
University for CHE

Membrane technology requires sim-
ple, reliable correlative parameters,
and for the optimal design of a com-
plete membrane system the following
aspects need optimising;

+ Containerisation in which and with
which the membrane has to be
operated

+ Dynamic transformation of the
membrane

+ Effect of such transformation on the
permeability, polarisation concen-
tration in the boundary layers and
the optimal operational cycle to
prevent irreversible plastic com-
paction

* Determination of flow, pressure and
temperature property profiles in the
system.

A powerful computational fluid
mechanics computer package will be
nsed to investigate mass transfer and
flow through porous media. Flow
through a membrane can be optimised
with the aid of computational fluid
mechanics. Electrochemical impe-
dance spectroscopy will also be used
to determine the porosity of mem-
branes under dynamic conditions.
The project will last 2 years.

Development of characterising
and cleaning techniques fo
classify organic foulants and
fo remove them from ultra-
and microfiltration membranes
by biochemical means (No 537)
Department of Biochemistry, Universiry of
Stellenbosch

The optimal implementation of mem-
brane separation in the treatment of
industrial effluents is normally that in
which substances with pollution as
well as resale value, have to be
removed from the effluents. Applica-
tion of this process, however, often
becomes uneconomical due to the
sharp drop in flux as a result of mem-
brane fouling.

Tubular membrane systems can be
cleaned by mechanical, physical,
chemical and biechemical means. The
latter approach unfortunately does not
receive adequate attention and very
seldom forms part of a cleaning proto-
col.

This 2-year project aims to esta-
blish procedures by which organic
fouling of ultra- and microfiltration
membranes can be classified, as well
as to develop and evaluate effective
biochemical and physical cieaning
methods.

Electrically driven membrane
separation processes for the
treatment of industrial efflu-
enEs (No 532) Division of Water
Technology, CSIR

Electrically driven membrane separa-
tion processes, such as electrodialysis
(ED) and its variants - electrodialysis
reversal (EDR); electro-osmotic
pumping ED (EOP-ED}; electro-elec-
trodialysis (EED}; and bipolar electro-
dialysis (BED), are proven technolo-
gies which are eminently suited to the
reclamation of water and chemicals
from indusirial effluents.

A prototype ED system has been
manufactured from locally available
materials. Several ED and EDR sys-
tems are available for large-scale
investigations such as the reclamation
of chromium, nickel and water from
plating effluents and rinse waters, the



recovery of waste jon-exchange
regenerants and the reclamation of
acids from pickling baths.

This 1-year investigation will eva-
Iuate these electrically driven mem-
brane separation processes for the
reclamation of water and chemicals
from industrial effluents in full-scale
plants.

Synthesis of organic precur-
sors for the development of
novel tubular membranes for
the treatment of industrial
effluents (No 547) Department of
Chemistry, University of Stellenbosch

The objectives of this 2-year project
are as follows:

+ Development of methods for the
synthesis of specifically substituted
aramatic acids, as well as cyclic,
aliphatic and aromatic diamines
which are not commercially avaii-
able

+ Synthesis of soluble polyamides
having high molecular mass which
will exhibit high resistance to
strong acids and alkalis as well as
oxidising agents

= The use of such precursors for the
manufacture of new types of tubu-
lar membrane.

Only two successful asymmetrical
purification membranes are currently
available on the world market. One is
a cellulose acetate membrane which is
robust as well as resistant to chlorine,

Ci

while the second is a polyamide mem-
brane manufactured only by Separem
in Italy. It is a robust membrane resis-
tant 1o high concentrations of chlo-
rine, acids and alkalis. Membranes,
similar to the proven Separem model,
will be developed.

Investigation into the upgra-
ding of Orange River water
and secondary sewage efflicent
by means of ultra- and nano-
ﬁltration {No 548} Instinme for Poly-
mer Science, University of Stellenbosch

The research conducted during this 2-
year project will aim at ascertaining to
what extent low-pressure membrane
filtration will be able to play a role in
the re-utilisation of existing water
sources and the upgrading of water,
imported over long distances in order
to provide a better quality water to
consumers in the Uitenhage district.

Both Orange River and secondary
sewage water will be used as feed
water. and the membrane filtration
tests will be conducted by means of
ultra- and nanofiltration mentbranes.

The investigation will aim (o cbtain
the following information:

» Long-term reliability, integrity and
performance of the various mem-
brane types

+ Relationship between reclamation.
pressure and flow gpeed on the one
hand and product supply and quali-
ty on the other hand

A bipolar electrodialysis unit for the rrearment of indusivial offfuens

+ Maximum realisable reclamation
+ Membrane fouling tendencies and
cleaning techniques.

Modelling flow through
porous media (No 383) Departmeny
of Applied Mathematics, University of
Stellenbasch

The primary objective of this 2-vear
project is to further expand the
already developed mathemarical
model for flow through porous mem-
branes to serve as a basis for a variety
of water-related research areas regar-
ding water movement through porous
membranes.

The second and equally important
objective is to try and apply existing
and new mathematical results in prac-
tice and at an interdisciplinary level
for various other water research pro-
jects in South Africa,

In accordance with the above objec-
tives, analysis and modelling of the
following will occur:

« Separation processes where chemi-
cals or suspensions are iransporled
through the liquid medium

» Electrokinetic effects on ion move-
ment in a membrane system

* The impact of macroscopic margi-
nal effects, anisotrophy of the
porous structure and membrane
technology and pore size distribu-
tion on the through-flow.
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effluents

A stainless steel capillary membrane module for the desalination of brackish water or

Research projects
Completed

= 172 Membrane development and fabrica-
tion for reverse osmosis and ultrafiltra-
tien {University of Stellenbesch -
Instinte for Polymer Science)

+ 219 Development of fixed and dynatmic
membiane systems for the treatment of
brackish water and effluents (University
of Stellenbosch - Institute for Polymer
Science)

+ 395 Development of a South African
electrodialysis membrane system {CSIR
- Division of Water Technology}

+ 397 Evaluation of prototype capiilary
micro- and ultrafiliration membranes for
industrial application (Membratek (Pty)
Litd)

+ 402 Modelling of flow through porous
membranes (University of Stellenbosch -
Depariment of Applied Mathematics)

¢+ 431 Feasibility study of membrane cha-
racterisation by electrochemical mea-
surements and membrane optimisation
with computational fluid mechanics
(Potchefstroom University for CHE -
Department of Chemical Engineering)

+ 461 Reaction kingtics in a shaty precipi-
tation and recyéle reverse osmosis
(SPARRO) seed reactor (Chamber of
Mines Research Organisation)

+ 467 Development of an ultrafiliration
pretreatment system for sea-water desali-
nation by reverse osmosis (Membratek
(Pty) Lid)

Current

201 Treatment of inorganic brines and
concentrates (University of Natal -
Pollution Resgarch Group)

238 Design criteria tor crossflow micro-
filtration (University of Natal - Pollution
Research Group)

274 Technical support for the application
of dynamic membrane plants for the

treatment of industrial effluents (Univer-
sity of Natal - Pollution Research Group)

275 Evaluation of membrane technology
for electroplating effiuent treatment
{CSIR - Division of Water Technology)

325 Modelling of tubular reverse osmo-
sis systems (University of Natal -
Pollution Research Groap)

361 Development of tolerant membranes
{University of Stellenbesch - Institute for
Polymer Science)

362 Industoal application of membranes
{University of Stellenbosch - Institute for
Polymer Science)

387 Development and production of
membrane systems (University of
Stellenbosch - Institute for Polymer
Science)

466 Rescarch into fluoro-carbon coating
of ion-exchange membrane surfaces to
cvercome fouling and general scaling
(Eskom)

468 Feasibility study for the provision of
point-source water by enhanced solar
distillation (University of Stellenbosch -
Institute for Polymer Science)

New

529 Membrane characterisation by elec-
trochemiical measurements and merm-
brane optimisation with computational
fluid mechanics (Potchefstroom Univer-
sity for CHE - Department of Cherical
Engineering)

531 Development of characterising and
cleaning technigues to classify foulants
and to remove them from ultra- and
microfiltration membranes by biochemi-
cal means {University of Stellenbosch -
Department of Biochemistry)

532 Electrically driven membrang sepa-
ration processes for the treatment of
industrial effluents (CSIR - Division of
Water Technology)

547 Synthesis of organic precursors for
the development of novel mbular mem-
branes for the treatrment of industrial
effluents (University of Stellenbosch -
Department of Chemistry)

548 Investigation into the upgrading of
Orange River water and secondary
sewage effiuent by means of uitra- and
nanefiltration (University of Stellen-
bosch - Institute for Polymer Science)

585 Modelling flow through porous
media (University of Stellenbosch -
Department of Applied Mathematics}
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Conservation of aquatic ecosystems

As predicted, 1993 saw the stabilisa-
tion of research projects, with only 5
new projects being registered in this
field. A subtle shift in emphasis also
icok place, however, with 2 of these 5
projects concentrating on aspects per-
taining to estuarine management.
Research on riverine systems never-
theless progressed very weil.

The drought in the Eastern Trans-
vaal had devastating effects on the
environment of this region. It did,
however, provide an opportunity to
study the effects of decreasing flow in
the Sabie River on the invertebrate
and fish life in this river. Subsequent
to the relatively goed rains during the
first quarter of 1993, another unique
opportumity presented itself, i.e. study-
ing the invertebrate and fish life in the
same river during the recovery phase
following the rains. In order to incor-
porate the recovery phase data into the
project reperts, it was necessary to
extend the duration of these projects.

The Co-ordinating Committee for
Water Ecosystems Research met once
during the year. The Masterplan/
Guideline for water ecosystems,
drawn up in late 1992, was formally
accepted by the WRC. Steps were
alsc set in motion to review and

update the document Limnological
Criteria for the Management of Water
Cuality in the Southern Hemisphere
(edited by Hart and Allanson).

Research within the multidiscipli-
nary Kruger National Park Rivers
Research Programme received a boost
during the year with the appointment,
for an initial 1-year period, of Prof C
Breen (Institute of Natural Resources
- Natal University) as managing direc-
tor of the Programme. The main task
of the director is to consolidate
research effort by means of appropri-
ate decision support systems. The sys-
tems are currently being developed
and a number of workshops were con-
vened in order to assist in this task.
These systemns should be functional
early in 1994,

In this field the WRC supported 23
projects during 1993, of which 5 com-
menced and 2 were completed.

Completed projects

Assessment of the instream
flow requirements of rivers (No
293) Freshwater Research Unit,
Universiry of Cape Town

The aim of this research was to estab-
lish acceptable methods for assessing
the instream flow requirements of
South African rivers. Efforts would be
focused on the undersianding of a
sophisticated North American
methodology, namely instream flow
incremental methodology (JFIM).

The baseline result of the research
was that the use of IFIM is very suit-
able for the determination of the
instream flow requirements of South
African rivers. The methodology is,
however, very data-intensive, specifi-
cally as regards biological interac-
tions. Such data are scarce in South
Africa.

The research team was nevertheless
able to formulate guidelines, in con-
junction with Australian scientists, for
the implementation of simplified
methodologies that are less data-inten-
sive and therefore more suited than
[FIM o South Alrican data sets,
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Dhue to the nature of IFIM, the pro-
ject team was able, to a large extent,
to proniote communication and col-
laboration between engineers and
ecologists.

Cost: R453 000
Term: 1990-1993

Contribution to the estuaries
research programme (No 412)
Institute of Natwal Resources, University
of Natal

This study is funded within a special
programme of the FRD and is a joint
venture between the FRD, the WRC,
the Department of Environment
Affairs, Portnet and the Natal Provin-
cial Administration. It was shown that
freshwater-starved estuarine systemns

&

had a negative effect on the zoo-
plankton community. In severe cases
of freshwater deprivation species dis-
appearance and conseguent commu-
nity changes took place.

Studies of the estuarine-marine lar-
val exchange patterns for vertebrates
and invertebrates have been used as a
guide to management of estuaries.
Although a common picture is emer-
ging in this regard, substantially more
data are required before recommenda-
fions can be made.

The WRC has extended its involve-
ment in this programme in the form of
a new 3-year project, namely project
No 525 {see details below),

Cost: R50 000
Term; 1992

The ideal water ecosystent which is the witimate objective
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New projects

Environmental status of the
Orange River mouth as reflec-
ted by the fish community

(No 505} Depariment of Zoology and
Entomology, University of the OFS

Water resource developsnent within
the Orange River system has already
had an effect on the flow of the river
at its mouth. The Lesotho Highlands
Water Scheme will exacerbate this
situation. Due to the fact that the
Orange River mouth and estuary are
internationally recognised as impor-
tant sites for both fish spawning and
bird breeding it is necessary to criti-
cally assess the effect of this further
water-resource development on the
conservation status of the estuary. The
major research aim of this 2-year pro-
ject is thus o provide a description of
the present state of the river mouth as
indicated by the fish community.
Proposed environmental management
requirements will be prepared and fur-
ther research needs quantified.

Natural and unnatural factors
regulating the structure and
Junctioning of estuarine sys-
tems (No 523) Institute for Natural
Resources, University of Natal

This 3-year extension of project No
412 will concentrate on the impact of
disturbances in river flow patterns and
flooding frequencies on the natural
spatial and temporal scales of change
within estuarine systems. The results
of the study will assist in the formula-
tion of plans and strategies for reme-
dial action in the case of such distur-
bances. This study is funded within a
special programme of the FRD and is
a joint venture between the FRD, the
WRC, the Department of Environ-
ment Affairs, Portnet and the Natal
Provincial Administration.
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Standard laboratory organisms
Jor water quality studies (No 545)
Institite of Water Research, Rhodes
University

The receiving water quality objectives
approach now adopted by the Depart-
ment of Water Affairs and Forestry
requires that there be a method for
assessing the ability of the receiving
rivers to absorb the effluent. Existing
organisms for bioassaying are al] from
standing water, while the requirement
for South Africa is riverine organisms.
During the course of this 3-year pro-
ject the researchers aim to identify
suitable riverine organisms for use in
laboratory studies, to develop tech-
niques for maintaining populations of
these organisms in the laboratory and
to establish protocols for the use of
these organisms for bioassaying.

Effects of different magnitude
Jlows on South African
riverine ecosystems (No 576)
Freshwatier Research Unit, University of
Cape Town

The continued population increase is
leading to rapid development of the
country’s remaining unexploited

C

water resources. At the same time, Decision support system for
there is a growing awareness of, and the integrated management
concern for, the welfare of our natural and conservation of estuaries
environment as a sustainable resource. {No 577) Instinte of Natural Resources,
Planners and water managers are University of Natal

increasingly seeking guidance on how
to develop water resources with mini-
mum impact on aquatic ecosystems.
In the planning of new water resource
developments - almost all of which
involve rivers in some form - a new
important question now routinely
asked by the planners and developers
concerns the guantity of water needed
by the river itself for ecosystem main-
tenance.

The overall aim of this 3-year pro-
ject is thus to increase our ability to
advise water resource managers/
developers as regards instream
requirements of rivers by:

Estuarine systems are favoured sites
for development, recreation and con-
servation. The extent to which they
can coniribute to these is significantly
affected by processes (e.g. develop-
ment, erosion and water abstraction)
occurring in the catchments, Wise use
of estuarine systems thus requires that
trade-offs between various options for
use are made in an objective manner
and with the best information avail-
able.

The major aim of the 3-year
research project is thus to produce
decision support systems for the inte-
grated management and conservation

+ Increasing the understanding of the of estuaries, based on sound scientific
effects of different magnitudes of and socio-economic principles. To
flow on riverine biotas, through achieve this aim it will also be a pre-
focused research on South African requisite that maximum co-ordination
rivers of estuarine research in South Africa

+ Continuing the development of be aitained.

scientifically acceptable methodoloe-
gies for assessing the water quanti-
ty requirements of rivers.

An estnwary in the SE Cape
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Research projects

Completed

295 Assessment of the instream flow
requirements of rivers {University of
Cape Town - Freshwater Research Unit)

412 Contribution to the estuaries

research programme {University of Natal
- Institute for Matural Resources)

Current projects

292 Freshwater requirements of estua-
rine plants {University of Port Elizabeth
- Department of Botany)

294 Pre-impoundment study of the
Sabie-Sand River system, Eastern
Transvaal, with special reference to pre-
dicted impacts on the Kruger National
Park {University of Cape Town - Fresh-
water Research Unit, and Rhodes
University - Institute of Freshwater
Studies)

350 Effect of pollution on the physio-
logy of fishes in the Olifants River
{E.Tvl.) (Rand Afrikaans University -
Department of Zoclogy)

351 Effect of water quality variables on
riverine biota {University of Cape Town
- Department of Zoclogy}

376 Geomorphological response to

changing flow regimes of the Sabie ane
Letaba River system {University of the
Witwatersrand - Department of Botany)

406 Structural analysis of the water
apportionment mechanisms in the Water
Act 54/19506, in view of the requirements
of competing user sectors (Advocate

M Uys)

418 Catchment and land use: effects on
water quality and estuaries (University
of Fort Hare - Department of Zoology)

422 Rapid biclogical assessment of
water quality impaets in streams and
rivers (CSIR - Division of Water
Technology)

426 Preliminary investization of algal
weeds in South African inland waters
{University of Cape Town - Department
of Botany)

428 Overview of the pesticide and heavy
metal levels present in populations of the
farger indigenous fish apecies of selected
South African rivers (CSIR - Division of
Water Technology)

463 Diversity and productivity of biotic
communities in relation o fresh-water
inputs in Eastern Cape estuaries {Univer-
sity of Port Elizabeth - Department of
Zoclogy)

474 Developing an integrated approach
to predicting the water use of riparian
vegetation (University of the Witwaters-
rand - Departrent of Botany}

475 Development of a rectrculating
experimental stream system {Rhodes
University - Institute for Water
Eesearchy

497 Geomorphological classification
systern for South African river systems
{Rhodes University - Department of
Geography)

« 501 Continuing research into the wet-

lands of Natal/KwaZulu (University of
Watal - Instituie of Natural Besources)

503 Effect of soil utilisation on water
quality of the Gamtoos estuary {Univer-
sity of Port Elizabeth - Depantment of
Oceanography)

New

505 Environmental status of the Orange
River mouth as reflected by the fish
commuity (University of the Orange
Free State - Department of Zoclogy and
Entomology)

525 Natural and unnatorcal 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 ot
Cape Town - Freshwater Research Unit)

577 Decision support system for the
integrated management and conservation
of estuaries (University of Natal -
Institute of Matural Resources)
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Developing communities

[ ndications are that the rate of urba-
nisation is showing signs of decrea-
sing. This has given the institutions
providing water and sanitation facili-
ties a brief respite and in some areas
inrcads are being made into the back-
log, which, nevertheless, still remains
enormous, [t is, however, not just the
provision of water and sanitation that
matters; the manner in which the ser-
vices are provided will have an impact
on jobs and community organisation.

The current situation regarding
access to water and sanitation services
in the urban areas of South Africa
based on work done for the WRC
over the period 1991 1o 1992 has been
updated. and includes densely popu-
lated settlements which are not pro-
claimed urban areas and are generaily
located on the fringe of metropolitan
areas.

Access to water supply

The service level of water supplied to
people living in the urban areas of
South Africa is given as follows:

House connection 59%
Yard taps 9%
Adequate standpipes 15%
Rudimentary standpipes 5%
Other (borehole, wells and river) 12%

The results of the survey indicate
that approximately 18% of the people
living in the urban areas of South
Africa are without adequate access to
a potable water supply.

A major portion, i.e. 66%, of the
peopie without adequate water, are
living in the metropolitan areas.
Almost all are living in informal set-
tlements and the lack of an adequate
water supply is directly related to the
backlog in housing/services provision
in these areas.

About 5,7% of the people living in
towns do not have an adequate water
supply. The populations in many of
the smaller towns are relatively stable
and service provision is generally ade-
quate, although an influx of people
from rural areas as a result of the
drought has been reported in some
areas.

Of the peopie living in densely po-
pulated settlements, at least 20% are
living without adeguate water sup-
plies. These dense settlements are
widely dispersed geographically,
including the TBVC and self-gover-
ning territories. Institutional capacity
in these areas is universally weak and
is a key factor, along with the lack of
local resources, limiting the provision
of adeguate services.

Access fo sanitation

Research results have revealed that
31% of the people living in urban
areas in South Africa, do not have
access to adequate sanitation. This
figure is based on the number of peo-
ple who only have access to buckets
or unimproved pits, or who have no
sanitation facilities at all.
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Systems int operation are:

Water-borne 4%

Ventilated improved pit latrines

(VIP) 1.4%
Septic tanks 2%
Other 1,6%
Pit latrines 21%
Buckets 8%
None ai all 2%

The distribution of numbers between
the VIP and the unimproved pit
latrine, indicates a lack of awareness
of the important differences between
them and highlights the need for this
to be addressed.

In many instances bucket collection
systems were initially instalied as an
interim measure until funds could be
secured for a full water-borne sanita-
tion system, but have now become a
seemingly permanent feature of the
urban landscape in many parts of the
country. While smaller bucket sys-
tems were reported to operate fairly
satisfactorily, serious problems were
experienced with large systems. From
a health point of view bucket systems
are not acceptable irrespective of the
problems experienced with the admin-
istration of the system. Evidence was
found of increasing opposition to
bucket systems.

The current situation as reflected in
the preceding paragraphs, together
with the investment requirement and
the recurrent cost implications to meet
the needs of the South Africans
involved, as well as the difficulties
experienced by both community users
and institutions, clearly indicate the
extent of research needs in this regard.
These are to become the subject mat-
ter of future WRC research projects in
this work field.

During 1993 the WRC supported
22 projects directly related to develo-
ping communities (up from 9 in
1992}, of which 4 ended during the
year and 12 commenced.
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Standing Committee on
Water Supply and
Sanitation (SCOWSAS)

SCOWSAS, established (o address the
inability of the existing water and sa-
nitation sectors to meet the needs of
all South Africans, was initiated by a
group of professionals who were
drawn from all quasters of South
African society. The WRC played a
significant role in the establishment of
SCOWSAS, and is still contributing
to its activities.

It 15 the intention of SCOWSAS to
develop credible policy options
designed 1o ensure that all South
Africans have access to adequate and
acceptable water supply and sanitation
facilities. It is, therefore, very con-
scious of the need to be solution-
orientated. The efforts of SCOWSAS
are consequently concentrated in 3
priority areas:

* Education, training and affirmative
actions in this sector

» Considering institutions that would
best meet the needs of the country

* Determining levels of service,
financial arrangements and tariff
systems that would permit viable
services to be sustained.

To achieve these aims, a number of
subcommitiees have been established
covering inter alia the following top-
ics:

+ Institutional framework

+ Pricing, finance, standards and
technology choice

+ Research needs and priorities: This
subcommittee is the responsibility
of the WRC. During 1993
SCOWSAS again made an input in
the prioritisation of the research
proposals received by the WRC in
this field.

Co-ordinating Committee
for Research on Water
and Sanitation in
Developing Rural and
Urban Communities
(CCRUC)

As one of its main strategies for
research ce-ordination, the WRC is
following a policy of establishing and
operating research co-ordinating com-
mittees for specific problem areas. Up
till now the various problems associa-
ted with water supply, sanitation and
pollution control in developing com-
munities have been addressed by 4
separate research co-ordinating com-
mittees.,

The WRC, recognising that the
water supply, sanitation and pollution
control research requirements of
developing rural and urban communi-
ties are unique, consequently decided
to establish the CCRUC to specifical-
ly attend to the water and sanitation
research needs of these communities.
The composition of the CCRUC is
carrently under consideration.

The CCRUC will begin to function
early in 1994 with the development of
a prioritised research framework as its
first objective.

Completed projects

Hydrological investigation of
stormwater runoff from the
Khayelitsha urban catchment
in the False Bay area, South-
Western Cape (No 323} Division of
Water Technology, C3IR

Recognising the need for an in-depth
geohydrological investigation of
stormwater runoff from Third-Warld
type catchments, the objective of the
study was to assess the magnitude of
the stormwater contamination, identi-
fy pollution sources and assess the
resultant effect on the receiving water
body.



The stormwater runoff originating
in the Khayelitsha catchment was
found to be polluted throughout the
year and mainly of a microbiological
nature with high concentrations of
nutrients and organic loads.

The major source of pollution was
the litter and faecal contaminants
which abound throughout the catch-
ment, ascribed to the high population
density, poor living cenditions and a
general Iack of environmental aware-
ness. In addition on-going viclence
and periodic strikes adversely affect
basic services and resuit in the accu-
mulation of garbage, blocking of
drains and services and the local
dumping of bucket Iatrines. All forms
of urbanisation invelving shacks
resulted in contamination of the water
leaving the catchment. The magnitude
of the contamination appears to
depend more on the population densi-
ty than on the degree of infrastructure
provided,

Cost:  R445 000
Term; 199§-1993

Forced aeration composting of
sewage sludge for rural com-
munities (No 341) BE La Trobe

Sewage disposal in less-developed
areas is generally by means of the
bucket system as there is no infra-
structure for water-borne sewerage.
The night-soil arising from the buck-
ets is conventionally disposed of in
lagoons which have to be situated
some distance from the community.
The practice is generally accompanied
by bad odours and {fly breeding. In
turn, refuse is often disposed of by
uncontrolled landFfilling which
impacts adversely on the environment.

Forced aeration co-composting of
night-soil with unpulverised refuse as
bulking and filtering agent proved to
be a suitable cost-effective process for
the integrated stabilisation, disinfec-
tion and resource recovery of these
two polluting waste streams.

The project has demonstrated that
the stabiiisation of night-scil (raw
sewage) using unsorted domestic
refuse as a bulking agent, is economi-
cally feasible as a low-cost means of
treating these obnoxious waste
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streams, on a cemparatively large
scale.

The process makes use of natural
biological means to treat these waste
streams. Such a plant can be main-
tained by unskilled workers.

Cost: R54 120
Term: 1990-1993

Technical, socio-economic and
environmental evaluation of
sanitation systems for develo-
ping urban areas in South
Africa {No 385) Palmer Development
Group

Diseases related to inadequate water
supply and waste disposal are major
contributory causes of infantile mor-
tality and also account for a large pro-
portion of adult morbidity.

Given this situation, it is clear that
much needs to be done to effect
improvements from a social, health
and economic point of view,

This study provided an overview of
the provision of sanitation facilities to
developing urban communities
through a review of the current situa-
tion regarding the provision of sanita-
tion and an evaluation of the various
types of sanitation systems currently
In use.

A series of O workshops was held
across the couniry and from the input
obtained on these occasions, strategies
for the improvement of sanitation
were developed.

The work carried out in the study is
reported in detail in 24 working
papers.

Cost: R280 600

Term: 1994-71993

Nitrate removal from potable
water (No 403} Department of Chemical
Engineering, University of Pretoria

Nitrates ingested in concentrations
exceeding 10 mg/l cause a variety of
negative etfects in humans and ani-
mals, viz. methemoglobinemia, can-
cer, retardation of the motor reflexes,
hypertension and escalating aggres-
sion.

This 1-year project demonstrated
that biological denitrilication is a less

expensive and simpler method than
nitrate removal by ion exchange. For
the treatment of raw water with a con-
centration of 60 mg NO;-N/f and a
design capacity of 10 m¥/d, the esti-
mated total costs (capital pius run-
ning) are R1,83/m3 and R1,50/m3 for
ion exchange and biological denitrifi-
cation respectively. The total costs for
a design capacity of 20 m3/d are as
follows: R1,11/m3 and R0,95/m3 for
ion exchange and biological denitrifi-
cation respectively. Biological denitri-
fication, therefore, is a beiter choice
than ion exchange in view of its sim-
plicity of operation and the lower
capital and running costs.

Cost: R33 483
Term: 199]-1092

New projects

Development of drought
response policy options for the
cost-effective provision of
water supply to rural commu-
nities subject to recurring
drought (No 506) Division of Water
Technology, CSIR

From the history of the development
of drought schemes in South Africa,
and the scheme to evaluate drought
intensity, it is apparent that the
drought pelicy has mainly focused on
assisting the commercially orientated
livestock and crop (dryland or irriga-
ted) farming communities. Thus, a
substantial part of the population con-
sisting of the poorer rural subsistence
communities which are more vulnera-
ble to drought, have been largely
neglected. It is estimated that 10 mil-
lon people live in these rural comimu-
nities. Of these. 48% do not have
access to adequate. safe drinking
water and 70%. 419 and 2% have a
problem with distance, quality and
availability of drinking water respec-
tively.

The aims of this 1-year research
project are:
+ To identify susceptible subsistence

farming areas in South Africa
« Investigate alternative water sup-

plies
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+ Investigate back-up and emergency
systems

+ Establish a rationing and pricing
policy

+ Compile policy options relevant to
South African conditions.

Groundwater contamination as
a result of Third-World type
urbanisation (No 514) Division of
Water Technology, CSIR

Aquifers underlying informal and
semi-formal settlements act both as a
source of cheap, readily available
drinking water and as a repository for
wastes emanating from the sanitation
systems and waste disposal activities
associated with these settlements.
Althougl the contamination problem
is considered to be significant, few
data are available to support this
hypothesis as present studies in South
Africa have concentrated on surface
water. Contamination of groundwater
not only results in the transmission of
water-borne diseases within the local
community, but discharge of shallow
groundwater into surface-water cour-
ses allows the spread of pollution to
unsuspecting comimunities down-
streani.

This 30-month project aims to
ascertain the magnitude of any possi-
ble groundwater contamination origi-
nating from Third-World type urban
catchments in South Africa, thereby
providing the scientific input neces-
sary for such guidelines.

C

Development of programmes to
combat diffuse sources of
water pollution in residential
areas of developing communi-
ties (No 519) Afrosearch CC

The maore concentrated the source of
pollution becomes, the greater the
impact it has on the immediate envi-
ronment. News media are very quick
to focus on pollution disasters such as
oil tankers and chemical spils, but
lower-level pollution events are not so
startling and are therefore, largely,
ignored. However, the longer term
effects of pollutien originating from
increasing urban developments can be
as catastrophic as their more dramatic
cousins. Community management
members usually lack the basic know-
ledge and are, therefore, ill-equipped
to manage community projects effec-
tively. It would be beneficial for elec-
ted committee members to undergo
management training, even before a
project is initiated, to enable them to
participate in the decision-making
process from the outset. This inevita-
bly leads to greater acceptance of a
scheme in all its stages. Projects of
this nature are a response to the
world-wide recognition for the need
for courses which are directed specifi-
cally towards the level of the village
management comimittees.

The project will be executed over
an 18-month period.

Community participation in erosion control
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Guidelines on appropriate
technologies for water supply
and sanitation in developing
commiunities (No 520) Division of
Water Technology, CSIR

During the next decade the provision
of housing and services to disadvan-
taged communities will be the prima-
ry focus. Conventional technologies
will give rise to capital expenditure
and on-going operation and mainte-
nance costs beyond the capacity of the
economy. Such an approach will also
not lead to any significant progress in
the development of human resources.

The WRC is totally committed 10
supporting and being actively
involved in social development pro-
jects. This will promote the use of
more appropriaie technologies which
will significantly reduce costs and
result in improved human resources
development and more sustainable
systems in the longer term.

A number of guidelines will be pre-
pared during the project as well as a
simplified “training package” on each
topic, for use in the training of com-
munity level operators and managers.

The project will be executed over a
3-year period.



Water scheme cost recovery
{(No 321) Umgeni Water

The primary aim of this study is to
determine the acceptability and appli-
cability of different cost recovery
techniques for water supplies to infor-
ma! urban communities. The need for
this work was prompted by poor cost
recovery for water supplies in deve-
loping areas, which is one of the
major stumbling blocks to the longer
term sustainability of these systems. [t
alse limits the capacity of organisa-
tions to increase service coverage as
all of their income goes towards sub-
sidising the non-payment of water.

It is also realised that the use of
technology without the correct com-
munity approach, has little chance of
success. Hence an important conside-
ration of this project will be to esta-
blish which approaches for communi-
ty participation with respect to cost
recovery are likely to ensure optimum
success with each particular system,

The project will be executed over a
2-year period.

wwen
Dynamic cross-flow sand filter
for rural water treatment

(No 339) Division of Water Technology,
CSIR

Water clarification is an important
step in the production of potable
water. Although the technologies of
flocculation and sedimentation are
well understood, the control thereof
could prove beyond the capabilities of
unskilled operators if these were to be
implemented in rural areas.

The dynamic cross-flow sand fiiter
is a more appropriate technology for
rural application. It functions like a
slow sand filter but being self-clean-
ing requires little attention. Auto-
cleaning is effected by causing a
major portion of the raw water to flow
across the sand bed tc remove excess
deposits.

The 2-year project aims to produce
a technical guide for the design and
operation of the dynamic cross-flow
sand filter under South African condi-
tions.

T

Elementary upgrading of local water supply results in a giant leap ahead for the local
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Determination of sludge build-
up rates in septic tanks, biolo-
gical digesters and pit latrines
in South Africa (No 544) Division of
Building Technology, CSIR

The necessity for providing sanitation
to South Africa’s burgeoning popuia-
tion has meant that systems other than
water-borne sanitation have had to be
used. A number of on-site sanitation
options are available, and a part of the
overall cost of the system is its main-
tenance, especially emptying digesters
that have filled with sludge. The aim
of this 3-year project is o identify and
quantify factors affecting siudge
build-up in selected systems, to deter-
mine the build-up rates in a represen-
tative sample of these systems and to
develop methods for predicting build-
up rates of sludge within the systems
under investigation.

Water and sanitation in urban
areas: Survey of on-site condi-
fions (No 561) Palmer Developnient
Group

The social conditions under which
poorer people live in urban areas has a
major impact on access to water and
sanitation services and hence on
stormwater runoff quality. This is par-
ticularly the case in areas where den-
stties are high and the infrastructure is
over-extended, resulting in a high pro-
portion of people in these areas living
in “backyard shacks”. While inade-
quate provision of serviced land for
poor people is a feature of our econo-
my, the number of backyard shack
dwellers is likely to increase. Indi-
cations are that there are many people
living under these conditions whose
access to sanitation. and to a lesser
extent water supply. is denied. This
forces them into a situation where
their options are limited resulting in
health risks and high organic and
pathogen loads in stormwater runoff.
The 1-year study will evaluate condi-
tions affecting water and sanitation on
individual sites in developing urban
areas. particularly where there are
multiple dwellings on the site. Such
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multiple dwellings would typically
comprise a formal house and one or
more informal “backyard shacks”.

Effect of water supply, hand-
ling and usage on water quali-
ty in relation to human health
indices in developing commu-
nities (No 562) Division of Water
Technotogy, CSIR

The rapid urbanisation occurring in
South Africa at the moment has
resulted in some peri-urban communi-
ties with limited provision of water
and sanitation. Under these condi-
tions, an increase in disease, particu-
larly water-borne, may be expected.
World-wide, water-borme diseases
cause very high mortality amongst
people living under these conditions.
The aims of this project are to exam-
ine patterns of water usage, to monitor
changes in water quality from the time
of collection to the time of usage for
various usage patterns and to correlate
water quality with health indices of
the population. The project will be
executed over a 4-year period.

SANPLAT - A simplified
latrine system for rural and
squatter areqas (No 563) Division of
Water Technology, CSIR

“Some for All, Rather than More for
Some”. This was the message which
came out of the New Delhi Global
Consultation on Safe Water and
Sanitation for the 1990s, organised by
UNDP. The rationale behind this
statement was the need for a substan-
tial reduction of costs of services
through increased efficiency in the
designs and use of low-cost appropri-
ate technologies.

This concept is also very relevant to
the South African situation where as
many as 18 million people do not
have access to adequate sanitation. Of
these, some 7 million are lecated in
rural or low density communities
where SANPLAT is particularly suit-
able and at a cost of 10 to 20% of a
VIP latrine. Squatter camps are
another ideal application where these
latrines can serve as an interim service
pending more permanent tenure and
upgraded services. This 1-year project
will identify the features which such a
system should have in order to be
acceptable to local communities.

Local inhabirants enjoying an adequate water supply
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Water and sanitation in urban
areas: Financial and institu-
tional review (No 571) Palmer
Development Group

International experience teaches that
sound financial policy and well-struc-
rured institutions play a crucial role in
the provision of water and sanitation
services. In South Africa, where there
is a serious under-provision of these
services, improvements in financial
efficiency and institutional effective-
ness are therefore particularly impor-
tant. Propet organisational arrange-
ments are also important in minimi-
sing the environmental effects asso-
ciated with human settiements.

With the current transition, where
political and social restructuring is
taking place at national, regional and
local level, the provision of water and
sanitation services will be substantial-
ly affected by these changes and it is
vital that policy development takes
this into consideration.

This 18-month project is oriented
towards research to provide back-
ground information for the develop-
ment of new pelicy and organisational
arrangements.

Development of a decision sup-
port system for the selection of
the most appropriate sanitation
option for developing commu-
nities (No 586) Umgeni Water

The provision of safe and adequate
water and sanitation to developing
areas has become an urgent priority in
South Africa. The selection of inade-
guate or inappropriate sanitation sys-
tems may endanger the health of the
community and fail to uplift their
quality of life. Current decision-
making procedures for the selection of
sanitation systems are largely cost-
driven with little consideration being
given, for instance, to existing and
future surface and groundwater quali-
ty scenarios.

Exiensive evidence already gath-
ered, indicates that the sewerage reti-
culation systems in many of the
densely populated townships of
coastal Natal result in the discharge of
massive volumes of untreated sewage
into the local watercourses. At the
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other end of the sanitation spectrum,
the installation of pit latrines into
hydrogeologically unsuitable areas
and the misuse of pit latrines, has
resulted in the deterioration of surface
and groundwater quality.

The diversity of factors affecting
the selection of a sanitation system
underlines the need for the develop-
ment of a formalised multidisciplinary
decision support system which will
enable the most appropriate sanitation
option {0 be selected on a practical
environmental, sociological and cost-
effective basis, removing much of the
stubjectivity from the current selection
process.

The project will run for 3 years.

JON

Research projects
Completed

+ 323 Hydrological investigation of storm-
water runoff from the Khayeiitsha orban
catchment in the False Bay area, South-
Western Cape (CSIR - Division of Water
Technology)

+ 341 Forced aeration composting of
sewage sludge for rural communities
{BE La Trohe)

+ 385 Technical, socic-economic and envi-
ronmental evaluation of sanitation sys-
tems for developing urban areas in South
Africa (University of Cape Town -
Department of Civil Engineering and the
Palmer Development Group)

* 403 Nitrate removal from potable water
{(University of Pretoria - Department of
Chemical Engineering)

Current

+ 346 Study of the relationship between
hydrological processes and water quality
characteristics in the developing Zulu-
land coastal region {University of Zulu-
land - Department of Hydrology)

« 384 Water resources and sanitation sys-
tems source book wilh specizal reference
to Natal/KwaZulu {Natal University -
Department of Economics)

+ 386 Development of a cross-flow micro-
filter for rural water supply (Umgeni
Water and the University of Natal -
Department ¢f Chemicat Engineering)

+ 435 Development of a training pro-
2ramme ON ComInunity water supply
management for village water comimit-
tees (CSIR - Division of Water
Technology)

* 480 Per capita water demand in devel-
oping communities {Water Systems
Management)

New

* 506 Development of drought response
policy options for the cost-effective pro-
vigion of water supply to cural communi-
ties subject to recurring drought (CSIR -
Division of Water Technology)

* 314 Groundwater contamination as a
resuit of Third-World type urbanisasion
{CSIR - Diviston of Water Technology)

+ 519 Development of programmes to
combat diffuse sources of water pollu-
tionl in residential areas of developing
communities (Afrosearch CC)

+ 520 Guidelines on appropriate technolo-
gies for water supply and sanitation in
developing comniunities (CSIR -
Division of Water Technolozy)

« 521 Water scheme cost recovery
{(Unageni Water)

+ 539 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 latvines in Seouth Africa (CSIR -
Division of Building Technology)

¢ 561 Water and sanitation in urban areas :
Survey of on-site conditions {(Palmer
Development Group}

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

* 563 SANPLAT - a simplified laurine sys-
tem tor rural and squatter areas {CSIR -
Division of Water Technology)

+ 571 Water and sanitation in urban areas ;
Financial and institutional review
(Paimer Developmem Group)

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

The South African mining industry
is made up of a large number of inde-
pendent mines covering a vast geo-
graphical area. Mine-water manage-
ment developments over the last
decade have focused mainly on the
gold mining industry which, as a
result, presently recirculates in excess
of 80% of its water. Due to factors
such as large intlows of poor quality
fissure water and the generation of
sulphuric acid through pyrite oxida-
tion, it is estimated that the gold mi-
ning industry collectively still dis-
charges a total salt load of 359 000 t/a
to the surface- and groundwater envi-
ronment (Pulles, W (1992) Water pol-
lution: Its management and control in
the South African gold mining indus-
try. J. Mine Vent. Soc. S. Afr.,
February 18-36).

The South African mining industry,
particularly the coal mining industry,
has recently become the focus of
attention of the Departinent of Water
Affairs and Forestry (DWA and F).
This is evidenced by the development
of a Water Quality Management
Strategy for the Mining Industry by
the DWA and F and the undertaking
of detailed catchment studies and
research programmes on the environ-
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mental impacts of mining, particularly
in those areas where coal mining
activities occur,

To assist the mining industry in its
efforts to comply with the regulatory
stipulations of the DWA and F, the
WRC has increased its funding of
mining related water research pro-
jects.

During the year under review 10
mine-water research projects were
funded, of which 6 were new and 4
current.

Survey of current water
management and treatment
practices in the South African
gold and coal mining indus-
tries (No 527) Chamber of Mines of
South Africa

The South African mining industry
covers a vast geographical area and
consequently individual mines expe-
rience different water management
problems. The mines have, therefore,
developed and applied different sirate-
gies to reduce fresh-water intake and
to treat the water for reuse or dis-
charge.

In an endeavour to effect technolo-
gy transfer the 2-year research project
aims to:

+ Prepare a comprehensive document
setting out the current “state of the
art” with regard to water manage-
ment and treatment in the mining
industry, which can be used as a
practical tool by water management
practitioners in the mining industry
and which can serve to identify the
best available technology not en-
tailing excessive cost (BATNEEC)

+ Identify knowledge gaps with
regard fo mine-water treatment and
management as a guide to future
research projects.

Development of an integrated
and generic water quality
simulation model for open-cast
coal mining water circuits

{No 528) Wates, Meiring and Barnard Inc.

Due to its inherent economic advan-
tages, the technology of open-cast
coal mining has found significant
application in South Africa. However,
these mining operations cause sub-
stantial disturbance of the natural
hydrological cycle in the mining area.
To control such disturbances the
DWA and F allocates allowable pollu-
tant waste loads to specific catch-
ments and it will be the task of col-



liery management to develop and
implement a water system in com-
pliance with the allocated waste load.

To assist colliery management in
this regard, the 18-month project aims
to develop a generic model which can
be applied to any open-cast mining
environment, and which can simulate
and predict the effluent flow and pol-
lution waste load emanating from a
colliery complex under different
hydrological conditions.

Prediction of pollution loads
Jrom coarse sulphide contai-
ning rock materials (No 559) SRK
{CE) Inc.

Acidic saline leachate from coarse
materials in mine dumps is termed
acid rock drainage (ARD) and is per-
haps the most significant contributor
to poliution of South Africa’s water
resources.

A predictive mathematical model is
needed not only to provide a quantita-
tive estimation of waste quality issu-
ing from a proposed or existing waste
rock dump, but also to enable mine
management to evaluate options
(blending, stacking) for waste rock
disposal and dump composition.

In addition to the development of
the required modei the 3-year project
also aims to evaluate:

+ Kinetic laboratory test methods
which determine the propensity of
coarse discards to develop ARD

» The practicability of inundation of
acid-generating materials as a con-
trol technology under local condi-
tions.

Preliminary assessment and
review of the need for integra-
ted passive water treatment
systems for mine effluent
sfreams (Ne 570) Division for Mining
Technology, CSIR

Effluent streams from mining opera-
tions have long been recognised as
major contributors to the poliution
load entering watercourses and even-
tually the water resources of the coun-
try. The principles and procedures of
integrated environmental management
have been accepted as a requirement
by the mining industry.

The biggest problems occur when a
mine closes and the effluent streams
continue to flow, uncontrolled and
untreated.

The 2-year project is looking at the
magnitude of the problem in terms of
the number of mines affected and the
extent to which treatment of the high
concentration effluents will benefit
the country,

Calibration of models for the
design of covers for open-cast
mine and waste dump rehabili-
fation (No 575) Wates, Meiring and
Barnard Inc.

Acid drainage, a major cause of water
quality degradation in many ceal min-
ing areas, can fortunately be restricted
by means of suitable covers to limit
water percolation through the under-
lving acid generating strata. The 3-
year project aims at establishing relia-
ble design procedures for such
finishing covers to enable acceptable
rehabilitation of open-cast mines and
waste dumps, A field-scale experi-
mental site, established by DWA and
F in Northern Natal, will be used to
measure the water balance compo-
nents and the cellected data will be
used to test and calibrate existing
cover design computer models.

Tustrimentation for measuring pasire \water ysage
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Screening of crop, pasture and
wetland species for tolerance
of polluted water originating in
coal mines (No 582) Department of
Flant and Soit Science, University of
FPretoria

Despite remedial actions, water which
is toxic to most plant species will
always emanate from mining sites, If
a species, capable of surviving expo-
sure to such waters, could be found it
would enable both the utilisation of
such waters and the upgrading of its
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guality in wetlands. Not only is there
a world-wide dearth of information on
suitable plant species. but information
pertaining to local problem waters,
climatic and soil conditions is practi-
cally non-existent. The 4-year project,
therefore, aims to establish a facility
for identifying plant species suitable
for irrigation with problem waters or
for use in wetlands to improve the
quality of the water,

Research projects

Current

+ 413 Use of vegetation in the arnelioration
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 cuter 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 environmens
(CSIR - Division of Mining Techmology)

New

+ 527 Survey of current water management
and treatment practices in the South
Adfrican gold and coal mining industries
{Chamber of Mines of South Africa)

+ 528 Development of an integrated and
generic water quality simulation model
for open-cast coal mining water circuits
{Wates, Meiring and Bamard Inc.)

+ 539 Prediction of pollution loads from
coarse stlphide containing rock materials
(SRK (CE) Inc.)

» 570 Preliminary assessment and review
of integrated passive water treatment sys-
tems for mine effiuent streams (CSIR -
Division for Mining Technology)

+ 575 Calibration of models for the design
of covers for open-cast mine and waste
dump rehabilitation {Wates, Meiring and
Bamard Inc.}

* 582 Screening of crop, pasture and wet-
Jand species tor tolerance of polluted
water originating in coal mines
{Universiteit van Pretonia - Departinent
of Plant and Seil Science)

Experimental site in Northern Natal that will be used 1o calibrate models for the design of

mine dunp covers
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General

S ince 1990 the WRC has also been
involved in financing research pro-
jects concentrating on certain geologi-
cal aspects of dam construction. This
involvement is justified by the fact
that the current prajects, either direct-
ly or indirectly, lead to lower con-
struction costs which in turn result in
the stored water being available to
users at a reduced price,

In addition to the construction cost
facet, the current projects alse contri-
bute to dam safety which, seen in the
light of the comprehensive dam safety
programme launched by the Depanrt-
ment of Water Affairs and Forestry in
1989, constitutes another reason for
the WRC’s financial support.

During the year under review, the
WRC funded 4 research projects rela-
ting to the geological aspects of con-
struction, of which one project which
commenced in 1993 differs from the
current projects in that it concentrates
on the hydraulic roughness of tunnels
cut by machine,

The concrete invert liners used in the floor
of the el and laid by the wnnel boring
machine (TBM) (Photograph taken ai the
Inanda-Wiggins Tunnel near Durban)

New project

Hydraulic roughness of tun-
nels bored by machine through
various rock-types (No 579}
Department af Civil Engineering,
University of Natal

Very litle information is currently
available on the roughness of the
walls of tunnels cut by means of a
tunnel boring machine (TBM) in
different types of rock. Consequently
the accuracy of hydraulic calculations
is impaired. A change of 1% in the
friction factor, e.g., will also cause a
1% change in head loss for a tunnel of
given length and diameter. For the
present it is unlikely that the friction
factors used are within 5% to 10%
{(depending on the type of rock) of the
actual values, with the accompanying
effect on head losses,

Five tunnels of varying lengths are
currently being bored in South Africa.
Their diameters range between 3 m
and 5,5 m, and the type of rock
through which they are being cut,
varies from soft sandstone to basalt
and granite. This state of affairs pre-
sents the ideal opportunity to take
actual roughness measurements of the
newly bored tunnel walls. Upon com-
missioning of the tunnels at a later
stage the effective friction factors will
be calculated and correlated with the
roughness measurements of the dry
tunnels. Through this, information
will be generated which will improve
the accuracy of hydraulic design of
tunnels.

The project will be carried out over
a period of 4 years.
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Research projects

Current

+ 302 Erodibility of different rock forma-
tions under varying flow conditions
(University of Pretoria - Departent of
Geology)

« 433 Engineering properties of important
Southern African rock types with special
reference to the shearing strength of con-
crete dam wall foundations (Technicon
Pretoria - School for Civil Engineering)

+ 502 Plunge pool scour reproduction in
hydraulic models (CSIR - Division for
Earth, Marine and Atmospheric Science
and Technology)

New

+ 579 Hydravlic roughness of tunnels
bored by machine throngh various rock-
types (University of Natal - Department
of Civil Engineering)

Tunnel cur by machine through granite showing smoeth texture after initicd ripple follow-
ing replacement of TBM heads (Photograph taken at the Inanda-Wiggins Tunnel near
Durban)
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Research support services

South African Water
Information Centre

The WRC, as part of its commitment
to technology transfer, established the
South African Water Information
Centre (SAWIC) in 1974 to provide
bibliographic information on water
and act as a comprehensive referral
centre for water-related enquiries.

One of the major undertakings of
the Centre is the building and ma-
nagement of the WATERLIT data
base. WATERLIT now contains more
than 210 000 records and is growing
at the rate of more than 1 G00 refe-
rences per month. In excess of 700
local and international journals are
currently scanned for relevant infor-
mation each month and conference
proceedings and reports are also
indexed.

During the past year SAWIC staff
carried ont 494 searches on behalf of
users. In addition, 26 subscriptions to
the WATERLIT CD-ROM were put-
chased. If each of these were used
only 40 times this would amount to
more than | 000 additional searches.
No figures are at present available on
the number of searches carried out by
users with direct access to the data
base, but 188 users are currently ma-
king use of the monthly current
awareness service,

With the current contract term
drawing to a close it was deemed
appropriate to review the activities
and services currently offered by
SAWIC. Feedback from users and
potential users was obtained by means
of a widely distributed questionnaire.
The results of this questionnaire,
together with the content of presenta-
tions on relevant topics. by invited
speakers, were debated at a workshop
held during June. The main conclu-
sion reached was that SAWIC is

essential to the South African water
comrmunity and that the contract
shouid be extended for a further 3
years.

A good deal of attention was paid
to the fature use of new computer
technelogy for information services.
Over the past 3 years the demand for
computerised services has grown con-
siderably and requests are increasing-
ly being received for access to infor-
mation sources directly from personal
computers. A large number of users
are now making use of the InfoAccess
and Worldnet Gateway services avail-
abie from CSIR Information Services
1o carry out their own literature
searches of WATERLIT and other
data bases.

The CD-ROM version of WATER-
LIT is being marketed locally and
internatienally and has proved parti-
cularly popular with universities and
research groups.

Other matters discussed at the
workshop, which will be followed up
in the next year. inciuded the possi-
bility ol adding abstracts to the
WATERLIT references, the electronic
delivery of veferences, a review of the
pricing policy. development of rela-
tionships with other organisations in
the fields of water and information
science and developing new services
based on new computer technology.

The Data Base of Research Projects
in Water-Related Fields is now being
managed and maintained by SAWIC.
The data base is available on-line
through the Computing Centre for
Water Research and it is planned to
make it available on the Internet. It 1s
envisaged that all researchers will re-
gister their water-related projects on
the daia base so that it can act as a
valuable source of contacts and infor-
mation for all researchers and funding
arganisations,

Although computerised systems are
increasing in importance, SAWIC
staff are always available to assist
with queries and referral to specialists,

Computing Centre for
Water Research

During the mid-1980s the WRC and
ISM took the strategic initiative to
enhance communication and hence
co-operation between water
researchers in South Africa by foun-
ding the Computing Centre for Water
Research (CCWR).

The mission of the CCWR is to
support collaboration and the dissemi-
nation of knowledge, data and infor-
mation amongst researchers and prac-
titioners through advanced computing
and communication technology in
order to enhance water resources ma-
nagement. Central to the strategic
vision of the CCWR is the belief that
excellent communication between
water researchers and practitioners at
alt levels is fundamental 1o the suc-
cess of its mission. Every strategic
thought, plan and action of the CCWR
is therelore directed at the goal of
developing excellent communication.

With South Africa becoming more
integraied into the Southern African
and international communities. the
strategic initiatives of the WRC are
coming to fruition. Faced with great
challenges in the natural environment,
whose lifeblood is water, South Africa
needs to harness all the co-operative
scientific expertise available. It is par-
ticularly encouraging to note that
interdisciplinary communication is
increasing and the CCWR, through
UNINET. is at the forelront of many
of these developments.

The CCWR is used by 136 water
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researchers from 56 departments at 34
institutions country-wide. Some of the
key areas of co-operation throngh the
CCWR are:

Agrohydrological modelling for use
inter alia in the Kruger National
Park Rivers Research Programme
Water quality and guantity model-
ling in the Mgeni catchment
Modelling for drought monitoring
and management

Estimating the impact of global cli-
mate change on water resources in
Southern Africa
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Modelling the impact of atimosphe-
ric deposition on the water quality
of the Vaal River

Generation of stochastic sequences
of climatic variables throughout the
region

Interactions between swface-, root
zone- and groundwater
Country-wide mapping of ground-
water recharge.

Through this strategic initiative, ihe
WRC has moved considerably closer
to its goal of creating a culture of
multidisciplinary team approaches to
the complex challenges facing water
research and practice in Southern
Africa,



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 “accu-
mulate, assimilate and disseminate
knowledge in regard to the resulis of
such research and the application
thereof, and promote development
work for the purpose of such applica-
tion”.

For the promotion of its programme
of information and technology trans-
fer, the WRC has developed a number
of activities. Although some of these
activities are directed at the transfer of
information, the emphasis falls mainly
on technology transfer, i.e. the appli-
cation of research results, since this
will always represent the final divi-
dend of the research investment.

Partnership research

Partnership research is regarded as a
very effective method of enhancing
technology transfer. The partnership
principle is incorporated, as far as
possible, in research projects, and
means that the end vser of the results
participates in the planning and exe-
cution of the research.

Publications

The WRC’s publications cater for
three levels, viz. pure scientific, popu-
lar scientific 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, tech-
nology and engineering. The journal
appears quarterly and the first edition
was launched in April 1975,

Water SA has a sirict refereeing
system whereby all articles submitted
for publication are first referred to rel-
erees, whereafter a decision is taken
on publication.

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 distribute summaries
of articles which appear in Water SA.

SA Waterbulletin

SA Waterbulletin is a bilingual bi-
monthly periodical. Within the broad
spectrum of water research it aims to;

+ Furnish information on water and
water research in a popuiar scienti-
fic 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 indi-
viduals, such as researchers, engi-
neers, technicians, government
departments, local authorities and
the industrial and agricultural sec-
tors

+ Convey social news and matters of
interest (e.g. about conferences and
petsonalities) to the water research
cominunity.

Manuals, guidelines and
reports

At the conclusion of a project, and
alse while research is still under way,
results are evaluated in respect of pos-
sible use and application and depend-
ing on the nature of the results a deci-
sion is taken on publication, disseni-
nation and application thereof. More
information on these publications
appears in the relevant chapters and in
the Annexure.
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List of Commission
publications

The Annexure to this annual report
contains a list of publications (articles,
papers and published reports) which
appeared during 1993 and which
emanated from research supported
wholly or in part by the WRC.

Conferences, seminars,
workshops and demon-
strations

From {ime to time the WRC, on iis
own or in co-operation with other
organisations, arranges such meetings.
These afford ideal opportunities for
promoting personal contact between
research scientists or between research
scientists and the users of research
results. In this way the transfer of
information and technology is greatly
enhanced. More information on mee-
tings held during the year is contained
in the individual chapters.
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Mass media

In this regard the accent falls on infor-
mation transfer, and press releases,
radio and television are used to this
end.

Utilisation of overseas
expertise

It is in the national interest that over-
seas 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 particular problem
area. More information in this regard
appears in the individual chapters.

Commercialisation

In the future the WRC will focus
increasingty on a further aspect of
technology transfer, which is in
progress already, viz. the commercia-
lisation 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.
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Financial statements

The Commission derives its income from rates and
charges on water usage and on scheduled irrigation Iand.
The tariffs for the 1993 financial year were 1,43c/m3 for
water supplied for urban, indostrial or domestic use, and
155¢/ha for land scheduled for irrigation.

The Statement of Income and Expenditure and the Balance
Sheet have been drawn up in terms of Section 14{2) of the
Water Research Act, 1971 {Act No. 34 of 1971), as amen-
ded and certified by the Auditor-General and cover the
period 1 January 1992 to 31 December 1992.

Statement 1
Balance sheet as at 31 December 1992

1992 1991
Notes R R
Capital employed
Accumulated fund R63 695 953 R58 370 177 *

Employment of capital
Fixed assets 2 874 238 644 763
Invesimenits and icans 3 28 435 214 25043 430

Current assets

Debtors 4 15 409 806 14 230 548

Deposits and amounts immediately recoverable 19 136 523 18 012 603 *

Bank balance and cash 150 478 473
Total current assets 34 596 479 32721624

Current liabilities

Restated figures

Creditors 198 669 38 447 *
Income received in advance 3 486 L 193
Bauk overdraft 7 823 -
Total current liabilities 209 978 39 640
Net current assets 34 386 501 32 681 984
R63 695 953 R58 370 177

(Signed) PE Odendaal

Pretoria. 26/7/93 Executive Director
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Statement 2
Income statement for the year ended 31 December 1992

1992 1991
Notes R R
Net income 5 5325776 10980 412
Accumulated fund at the beginning of year 58 370 177 47 389 765
Accumulated fund at end of year R63 695 953 R38 370 177 *
*  Restated figure
Statement 3
Cash flow statement for the year ended 31 December 1992
1992 1991
Notes R R
Cash retained from (employed in) operations 4 381 951 8 667 628
Net income before non-cash items 1 2 830 534 8310 159
Employed to increase operating capital 2 {1016 743) (2376 182)
Investment income 2 568 160 2733 651
Cash employed in (produced by) investment
operations
Replacement of fixed assets 3 (302 393) (156 432)
4 079 558 8511 196
Cash effects of financing operations
Decrease in short-term loans 4 (687 774) (5595472
Increase in long-term loan 5 (3 391 784) (2915 724)
(4 079 558) (8 511 196)
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Schedule A

Notes to the financial statements

1.  Accounfing policy
The annual financial statements have been compiled according to the historic cost principle. The principal accounting policy is
reflected hereunder and is consistent with that of previous years, unless stated ctherwise.
1.1 Fixed assets and depreciation
Unless otherwise indicated, fixed assets are shown at book value and, where appropriate, are depreciated at rates which will
result in each asset being written off over its useful life. The basis and rates of depreciation are shown for each category of
assets. No provision is made for depreciation on land.
1.2 Research projects and research support services
Payments made in respect of research projects prior to the submission of audited statements shall be brought to account as
advances and expenditure may only be charged against projects upon receipt of audited statements.
1.3 Investments
Investinents are shown at cost.
1.4  Acknowledgement of income in general
Income is acknowiedged on the accrued basis.
1992 1991
R R
2. Fixed asseis
Land at cost 5000 # 5000 #
Motor vehicles at book value 56 003 89 024
Less: Depreciation 29126 33 921
26 877 56 003
Office equipment and furniture at book value 886 152 613 352
Less: Depreciation 43791 29 792
842 361 583 760
Total fixed assets §74 238 * 64d 763 *#
Depreciation on office furniture and office equipment is being calculated on the balance method at a rate of 5% annually.
Depreciation on motor vehicles is written off on a pro-rata basis caiculated on annual kilometers traveiled and the life
expectancy in kilometers of the vehicles,
Purchased on 25 March 1975 and sitwated at Schaap Kraal, Site 477.
*  Capital assets purchased by organisations with research grants are not included.
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SChedule A (continued)

Notes to the financial statements

C

1992 1991
R R
3, Investments and loans
Company for Research on Atmospheric Water Supply 23 444 991 19 683 265
The loan to the Company for Research on Atmospheric
Water Supply does not represent an asset of the Water
Research Commission. Upen termination of the finance
contract the amount of the loan minus the amount realised
on the capital assets purchased with contract funds is
written off as current expenditure.
Erf Sewe-Nul-Ses Rietfontein (Pty) Ltd 4 234 284 4 604 226
Unsecured loan repayable over 30 years with interest at
15% calculated on monthly balance
Unlisted shares in Erf Sewe-Nul-Ses
Rietfontein (Pty) Ltd 755 939 755 939
Total investments and loans 28 435 214 25043 430
4. Debtors
Water research levies 13 105 617 11 934 431
Other 2 304 189 2296 117
Total debtors 15 409 306 14 230 548
5. Net income
Income
Investment income 2 568 160 2733 651
Water research levies 39 464 755 35 379 447
Other income 172 699 173 544
Total income 42 205 014 38 286 642
budget budget
1992 1991
Expenditure
Administrative services 1703 000 1 766 461 1479 200 1 337 559
Audit fees 45 000 41 649 37 000 36 383
Rental and maintenance Q48 500 897 450 827 500 787 641
Staff expendisure 4 369 600 4 272 318 3 644 500 3771 069
Depreciation of fixed assets 80 000 72917 62 000 63 398
Research projects and research support services 36 530 142 29 828 443 25777 288 21310 180
Total expenditure 43 676 242 36 879 238 31 827 488 27 306 230
Income over expenditure 5325776 10980412
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Schedule B

Notes to the cash flow statement

1992 1991
R R
1. Net income before non-cash items
Net income according to income statement 5325776 10980 412
Adjustments for:
Depreciation 72917 63 398
Interest on investments and loans (2 568 160) {2733 651)
2 830 533 8310159
2. Employed to increase operating capital
Decrease (increase) in debtors {1 179 258) (2329 258)
{(Decrease) increase in creditors 162 515 (46 924)
(1 016 743) (2 376 182)
3, Additions and replacement of fixed assets
Motor vehicles - (2 825)
Office equipment (291 640} (150 679)
Office furniture {10 753) {2 928)
{302 393) (156 432)
4. Decrease (increase) in short-term loans
Corporation for Public Deposits and other deposits (1173 920) {5 538 442)
Cash on hand and bank overdraft 486 146 (57 030y
(687 714) (3 595 472)
5, Decrease (increase) in long-term loans
Company for Research on Atmospheric Water Supply (3 761 726) (3 130 763)
Erf Sewe-Nul-Ses Rietfontein (Pty) Lid 369 942 215039
(3 391 784) (2915 724}
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Statement 4

Statement of expenditure and advances outstanding in respect of research projects and research
support services as at 31 December 1992

Expenditure Total
advances
Project Toial to | ouistanding as
1992 31112792 at 31/12/92
R R R

1. RESEARCH PROJECTS
161 Research into the treatment of wool scouring effluents i4 359,52 1 400 659,05 -
183 Research on the effects of urbanisation on catchment water balance 64 357,54 1174 756,23 18 849,57
186 Research on epidemiological surveillance of potential changes in drinking water quality - 369 283,77 ¥ 084,35
1953 Hydrosalinity studies in the Eastern Cape 193 590,69 1 394 362.62 #(20 458,46)
198 The development of methods to assess the impact of agricultural practices on water resources

in Southern Africa ' 185 500,00 1 206 985,10 *(85.10)
208 Research on the development of criteria for sprinkler irrigation systems to combat surface

sealing of soils - 414 939,02 334492
211 Research on groundwater abstraction in residential areas - 185 289,64 15 710,36
212 Research on the use of electromagnetic exploratien technigues for the development of

groundwater resources - 216 000,00 15 251,95
218 Research on economic evaluation of alternative irrigation scheduling strategies for wheat in

the irrigated area of the Orange Free State region 25 522,53 300 505,95 27747
219 The development of fixed and dynarmc membrane systems for the treatment of brackish

water and effluents - | 1751 276,80 40 583,31
221 Research on geohydrological investigation and evaluation of the Zululand coastal aquifer 247 665,16 766 406,46 71 924,28
222 Research on the reconstruction of the climatic history of the last 2000 years in the sunmer

rainfall regions of Southern Affica 30 106,00 214 993,11 1 025,8%
226 Research on maximizing irrigation project efficiency in different soil-climate-imrigation

situations 235 947,08 91§ 889,61 24 852,93
227 Resgarch on the storage and ulilisation of rain water in soil for the stabilisation of plant

production in semi-arid regions 278 467,31 | 1021 727,84 18 932,69
228 Research on the factors affecting the water-use efficiency of irrigated crops, with speciai

reference to the physiological responses of these crops 254 961,26 | 1263 684,09 72 038,74
229 Research on the estimation and evaporation of moisture siress in crops by means of remote

control aerial surveillance - 278 952,01 40 397,00
235 Hydrological modelling studies in the Eastern Cape 295 462.41 1 253 479,30 15 440,36
236 The development of a model to stinulate {low i alluvial rivers 16 298,32 348 534,16 6 175,08)
238 Research on the design criteria tor crossflow microfiltration 277 659.89 | 1064 534,22 | *{58 912.87)
239 Transfer of waste-water treatment management technology to the meat processing industry 20 778,57 157 778,57 *1 173,06)
248 Research on chemical augmentation of biclogical phosphate removal 39 777.32 69 388,91 17 611,09
254 Research on the effects of varying water quality on the corrosion of different pipe materials

in the PWVS/Klerksdorp areas 38 133,00 384 452,29 *(4 383,00}
255 Research on the development and testing of data logging equipment for the monitoring of

water consumption patterns - 86 120,77 12 379,23
256 Research on the evaluation of the design and use of irrigation systems in the Breg River

with a view to the control of potential drainage losses 15 653,18 359 000,00 -
257 Research on the water-use efficiency of certain irrigated temperate pasture species 82 932,53 413 380,55 11 96747
259 Research on the effect of water quality and chemical composition on the corrosivity in mild

sieel pipelines 36 662.30 66 461,88 009,31
260 Research on the relationship between climate and crop factors 43 595,59 179 03741 22 404,41
261 Research on soil-plant-water relations in the upper reaches of plant available soil water 111 085,51 436 676,30 7 826,95
262 Research on moisture sensors to facilitate water management 534 000,00 429 068,81 0 222,49
263 Research on the biological treatment of industrial water with the simnltaneous production

of single-cell protein - 67 027,15 21 572,25
265 Research on human virhses in water 169 300,00 334 857,66 #(17.79)
266 Research on the extension of the management orientated models for entrophication control 48 729,74 224 023,14 *(48 729,74)
267 Research on the evalvation and development of geophysical technigues for characteristing the

extent and degree of groundwater pollution - 437 258,00 25 942,00
269 Research on the evalnation of the four-slectrode electrical conductivity and electromagnetic

induction techniques of soit salinity measurement for use under South African conditions 61 140,00 214 445,00 2 942,00
270 Research on hydrological systems model development 533007500 [ 1669 981,00 23 219,00
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_ Statement 4 (continued)
Statement of expenditure and advances ouistanding in respect of research projects and research
support services as at 31 December 1992

Expenditure Total
advances
Proj ect Total to vutstanding as
1992 31/12/92 at 31/12/92
R R R

274 Technical suppert for the application of dynamic membrane plants for the treatment of

industrial effluents 20 940,00 431 (99,42 19 644,15)
275 The investigation into the evaluation of membrane technology for electroplating effiuent

treatinent 111 083,39 215 000,11 -
278 Research on the prediction of Scuth African sumnmer rainfall variability from ocean surface

temperature 80 000,00 343 633,25 -
279 Research on relationships between lightning and precipitation 55 000,00 299 94100 -
280 The evaluation of full-scale flotation-filtration and chlorine dioxide plants 21 100,00 141 468,00 |  *(59 908,49}
282 The development of a combination of sedimentation flotation and sand filtration processes

for warter treatment (SEDIDAFF) 3391,03 30 000,00 -
285 Research on and evaluation of various factors affecting dry-wet cooling 31 715,45 823 470,89 6 578,35
286 Research on development and evaluation of specific control methods for ameliorating low

F/M bulking 189 000,00 490 972,06
288 Deternrination of the socig-economical and financial implications of the water restrictions

in force from 1983 up to its annulment in 1987 3 056,00 102 999,71 -
290 Research on flood and furrow irrigation: A critical evaluation of design procedures and

the computerisation of the most suitable procedores 50 042,98 159 653,78 34 057,02
281 A regional investigation into groundwater quality deterioration in the Olifants River catch-

ment above the Loskop Dam, with specialized investigations in the Witbank Dam subcatchment 499 177,33 1 167 303,74 28 822,26
292 Research on the freshwater requirements of estuarine plants 123 839.31 179 390,53 591,29
203 Research on the relationship between low flows and the river fauna in the Letaba River 32 114,00 321 999,30 -
204 Research on a pre-impoundment study of the Sabie-Sand River system, Eastern Transvaal,

with special reference to predicted impacts on the Kruger National Park 18% 800,60 586 01831 #(49 958.16)
295 Research on agsessment of the instream flow requirements of rivers 180 358,94 429 404,52 23 595,06
296 Research on the guantitative structuring of national water planning cbjectives for use in .

decision support systems in South Africa 33 536,85 257 451,82 26 043,15
297 Research on the preparation of a review document on sediment transport in South Africa

including revision of the sedirnent production map of Southern Africa 92 777.80 340 B11.18 6 607,27
298 Research on the surface water resources of South Africa 1990 749 503,64 1 930 593,54 80 i,36
299 Research on the adaption and calibration of an urban nimoff guality model 193 200,00 421 239,55 11 610,60
300 Research on the utilisation of geographical information system (GIS) and integrated environ-

memal management (JEM) in the planning and management of water resources within river

catchments 93 299,01 397 948,88 200 050,99
301 An investigation into the quality of water for animal production 111 324,47 255 100,67 08 075,53
302 Research on the erodibility of different rock formations under varying flow conditions 46 886,13 167 151,37 5113,87
303 Research on the use of saline water for irrigation purposes and an assessment of salt tolerance

criteria of crops 377 600,00 231 155,59 -
304 Research on the applicability of hydrodynamic reservoir imodels for water quality

management in stratified water bodies in South Africa 31 076,58 277 273,91 18 726,09
305 Research on interpolation and mapping of daily rainfall model parameters for South Africa 101 597,45 206 431,63 14 402,55
306 Research on techpiques for seasonal and long-term rainfall ferecasting in South Africa 86 953,43 212 148.06 L1 746,57
307 Research on the influence of different water nitrogen regimes on ¢rop cancpy development,

water tlow resistance and crops yield, with a view to Improvement of frrigation models (26 306,50} 295 647,57 71 104,00
308 Research into the recovery of water and chemicals from ion-exchange regeneration effluents 30 136,47 198 334,57 12 165,43
309 Research on phase diagrams of complex precipitants 75 393,49 191 645,05 *(36 584,13)
310 Research on the integration of remote sensing, digital inlage processing and geographical

inforntation systems technologies for regional-scale groundwater resources assessment in

South Africa 101 371,21 239 638,70 % 509,99)
311 Research on the development and evaluation of geohydrological and isotope hydrological

methodologies for the identification of areas potentially suitable for waste disposal 180 000,00 344 99754 [ #(23 000.00)
312 Reseuarch on the occurrence and accumulation of selected heavy melais in freshwater eco-

sysiems affected by mine and industrial effluent Y 846320 107 067,58 17 307,42
313 Research on the concentration ratios of selected radionuclides in aguatic ecasystems affected

by mine drainage effluents 47 156,09 93 635,85 42 36391
314 Research on biological phosphate removal mechanisms in the activated sludge process 51 000,00 141 93898 -
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S tatement 4 (continued)

Statement of expenditure and advances outstanding in respect of research projects and research
support services as at 31 December 1992

Expenditure Totai
advances
Project Total to | outstanding as
1992 3112192 at 31/12/92
R R R

315 Research on the utilization of the fungus Georrichum in waste water 51 836,00 139 999,22 -
316 Research on aspects of sewage sludge treatment and disposal 20 055,31 34 181,31 3 074,69
317 Research on urban catchment monitoring 10 599,81 95 150,95 19 960,05
318 Research on the optimization of biofouling control programmes 107 294,03 273 523,05 9 803,97
319 Research on monitoring the effect of catchiment development on urban runofil and water

balance 411 000,00 680 040,72 #40,72)
320 Research on taste and odeur ferming micro-organisms occurring in South African surface

waters 114 140,29 265 000,00 -
321 Research on bacteriophages as water quality indicators 68 334,68 184 710,23 5 363.32
322 A study on a mine-water (rzatrent and monitoring plant: The Aquarivs Plant 81 100,00 431 100,00 -
323 Research on a hydrological investigation of stormwater runoff from the Khayelitsha urban

catchment in the False Bay area, South-Western Cape 132 697,00 444 999.8] #(21,70)
324 Research on poliution loads, dispersion and effects of urban runoff from the Motherwell

township into the Swartkops Rivet, Eastern Cape 13 507,17 035127 -
325 Research on modelling of mbular reverse osmosis systems 210 869,82 516 27,53 49 827,53)
328 Full-scale study of chemical sludge bulking control 22 205,00 51 999,32 ®*(12 999,32}
331 Research on improved oxygen transter for high biosludge concentrations 35 178,26 51 651,42 23 348,58
332 The development of guidelines for the design and application of dissolved air flotation/

filtration processes - 75 000,00 *(18 750,00
333 Research on the removal of suspended solids from pulp and paper effluents by employing a

combined sedimentation, flotation and sand filtration process 31 877,08 49 107,29 5 892,92
342 Research on improvement in water usage control and waste-water treatment in the sorghum

beer industry 206,00 46 999,17 22 000,00
343 Research on the development of an effective and environmentally safe larviciding programme

for the control of the blackfly, Simulium churteri, along the Orange River 89 263,78 141 969,18 19 988,00
344 An investigation into the contribution of groundwater to the sait load of the Breede River

using natural and chemical tracers 129 500,00 179 600,00 -
345 The development of seeded reverse osmosis technology - 40 006,00 10 000,00
346 A study of the relationship between hydrological processes and water quality characteristics

in the developing Zululand coastal region 136 090,32 217 422,16 *(43 122,16}
347 A global farm approach to enhancing the econemic efficiency of water and energy use for

irrigation in the central RSA 127 850,65 254 528,42 17 549,35
348 Root development and water usage of commercial timber species 148 000,00 72 289,00 #(24 589,000
349 Evaporation measurements above vegetated surfaces using micro-meteorological techniques 139 600,00 278 225,00 #625,00)
350 The effect of poliution on the physiology of fishes in the Olifants River (Eastern Transvaal} 7097100 122 999,73 0,27
351 The effect of water quality variables on rivetine bioias 106 546,25 186 891,07 17 253,75
352 Development of a method for the selection of suitable landfill sites, and of guidelines for

sanitary landfill in municipal areas 88 753.80 144 686,71 1113,29
353 Preparation of a manual on quantitative estimation of groundwater recharge and aquifer

storativity 35 678,64 43 435,44 *(14 556,37)
354 Research on the evaluation and development of deep-bed filtration for the tueatment of South

African surface waters 74 498,98 106 974,76 29 043,24
355 Research on the neulralisation of water containing high concentrations of sulphuric acid with

calcium carbonate 128 539,54 200 000,00 -
356 The consolidation of activated sludge research 11 900,00 144 199,25 -
357 Research on the microbiological transformations of metal contaminated effluents 04 234,24 286 849,39 9 865,76
358 The development of guidelines for toxicity bio-assaying of drinking and environmental

waters i South Africa 140 000,00 244 000,00 -
359 An investigation into phytoplankton blooms in the Vaal River and the environmental

vartables responsible for their development and decline 112 314,46 194 784 57 22 785,54
360 Research on the mutagenicity of drinking water produced with conventional treatment

methods of surface water sources 149 989,82 149 989,82 10,18
361 Research on the developmeni of olerant membranes 171 075,83 208 431,04 *{14 431,04)
362 Research on industrial application of membranes 101 994,18 174 174,37 9 325.63
363 The development and evaluation of small-scale potable water treatment equipment 84 343,21 165 209,54 57 090.46
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Statement 4 (continued)
Statement of expenditure and advances outstanding in respect of research projects and research
support services as at 31 December 1992

Expenditure Total
advances
Project Total to outstanding as
1992 3112192 at 31/12/92
R R R

364 Research on field dilution studies on large off-shore pipelines 59 625,00 116 723,73 #(52 135,32)
365 Research on the evaluation and improvement of the anaerobic digestion/ultrafiltration {ADUF)

effluent treatiment process 131 338,01 212 000,00 -
366 Research on fuil-scale pilot plant studies on phosphate crystaliization in biological systems 142 500,00 185 538.85 12 460,15
367 The development of a consolidated cemputer software package for the management of an

irrigation scheme 25 000,00 49 000,00 -
368 A preliminary investigation of the nitrate content of groundwater and limitation of the nitrate

input 7 681,00 69 999,83 231900
369 The completion of research relating to the Disa model - A daily irrigation and salinity

analysis system model 13 565,00 99 (00.00 T 148 47)
370 A compilation of information on the magnitude, nature and importance of coastal aguifers in

Southern AfTica 48 437,51 48 437,51 11 562,49
371 An assessment of health aspects of the impact of domestic and industrial waste disposal

activities on groundwater resources 38 612,51 47 993,00 -
372 Assessing the impacts of varying rainfall conditions on vegetation dynamics, production and

certain hydrological properties of natural grassland, using a system modelling approach 115 300,56 156 741,19 68 290,07
374 The Southern Agulhas current and its influence on the weather and climate of Southern Africa 15 802,87 15 802,87 148 024,13
375 The development of a distributed hydrelogical modelling system to assist with water quantity

and) quality management in the Mgeni catchment, Phase [T 339 037,00 385 681,00 74 319,00
376 The geomorphological response o changing ffow regimes of the Sabie and Letaba River

syslems 272 317.14 372 317,14 25 246,76
377 The use of geographic information systems and other computer-aided drafting facilities for the

production of gechydrological maps 292 378,74 514 378,74 29 6G21.26
378 The developnient of techniques for risk anafvsis and groundwater management of Southern

African aquifers 340 368,97 568 086,97 21 131,03
379 Decision-making procedures for determination of crop water requirements 237 000,00 237 000,00 -
380 Techniques for microbiat aspects of warer quality investigation of South Afnican rivers 340 974,11 636 115,80 73 642,91
381 The corrosion performance of various non-metallic piping materials and coatings in potable

water 2i5 479,00 432 136,42 | *(104 135,42}
382 The evaluation of the interdependent factors which determine the viability of irrigation farming 180 000,00 180 000,00 -
383 A holistic appreach to affordable planning and maintenance of water and sewer systems 40 500,00 115 700,00 *(8 704.90)
384 A water resources and sanitation systems sourcebook with special reference to Natal/ KwaZulu 109 471,00 197 792.00 2T 184,07
385 Technical. socio-economic and environmental evaluation of sanilation systems for developing

urban areas in South Afvica 113 262.05 204 548,55 36 037,95
386 Research on developnent of a crossflow microlilier for rural water supply 24% 100,57 522 653,98 #*(18 153.98)
387 Research on the development and production of membrane systems 430 000,00 865 687,72 | =570 18772
388 The evaluation of various methods for the forming of free radicals for the oxidation of

molecules in industrial effluents and potable water 266 302.28 371 718.i7 10 616,17
389 Scheduling irrigation of tuberous crops with specific reference to potatoes 63 828,50 145 509,99 72 052,00
391 Co-disposal of sewage sludge and refuse 25 Q00,00 45 000,00 -
393 The use of algae to bivassay for toxic substances in water 6 528,63 46 356.52 14 393,48
397 The evaluation of prototype capillary micre- and ultraliltration membranes for industrial

application 25 00000 235 000,00 -
398 The degradation of moriar linings and concrete by micro-orgamisms in industrial water systems 50 000,00 20 000,00 -
399 The determination of exposure to chemical residues in South African food and water intake - 27 271,73 6 728,27
400 Research into domestic meter replacement policy and testing of water meters 49 354,44 80 0:00.00 -
401 Establishing revised water quality criteria for the South African coastal zone 31 600,00 65 000.00 0 246,23)
402 Research on the modelling of flow through porous membranes 37 916.00 75 990,34 -
403 Research on nitrate rentoval from potable water 5 890,48 33 482.01 10 517.99
404 The preparation of a manual for waste load ailocation in South Africa 192 000,00 273 641,36 | *(123 47706)
405 A sitwation analysts of water quality in ihe Buftalo River. Eastern Cape, with special emphasis

on the Impact of low-cost. high density urban development on water quality 217 929.56 382 702.04 43 157.97
406 A structural analysis of the water apportionment mechanisms in the Water Act 54/1956. in

view of the requirements of competing user sectors 149 500,00 275 500,00 2 100,00
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Statement 4 (continued)

Statement of expenditure and advances outstanding in respect of research projects and research
support services as at 31 December 1992

Expenditure Total
advances
Pr oject Total to outstanding as
1992 31412192 at 31/12/92
R R R

407 Reassessment of the strategy with respect to industrial etfluent discharge with special reference

to advamced technology treatment methods: Phase | 6 819,00 88 999,50 & 819,00
408 TFats and oils in effluents 2 790,91 6 023,57 6 576,43
409 Phenols in the steel industry waste water: Origin, prevention and removal 5 756,74 11 871,63 27 128,37
411 Marine pollution: Pathogenic micro-organisms 63 631,63 116 131,63 3 B6R,37
412 Contribution to the estuaries research programme 50 006,00 106 000,00 -
413 The use of vegetation in the amelioration of the impacts of mining on water quality - An

assessment of species and water use 151 021,75 230 676,64 67 478,25
414 Soil buffering of rain-water salinity in the Vaal Dam catchment 99 093,00 130 677,00 9 435,13
415 The application of resource economics 1o water management decision-making in South Africa 234 800,00 351 903,00 -
416 The application and performance of full-scale artificial wetlands for waste-water treatment in

South Africa 74 067,88 74 067,88 24 207,32)
417 Optimal water utilisation by turf 38 190,30 38 190,30 2 909,70
418 Catchment and land use; Effects on water qualily and estuaries - - 7 250,00
419 Water quality and quantity assessments in catchments with changing land uses in the Umzinto

coastal area 176 455,96 [76 45596 | *(77 753,96)
420 The long-term salt balance of the Vaalharts isrigation scheme 100 000,00 100 000,00 *(7 809.87)
421 The relationship between atmospheric deposition and water quality in a small upland catchiment 132 599,02 132 599,02 61 000,98
422 The rapid biological assessment of water quality impacts in streams and rivers 185 241,05 185 241,05 41 758,95
424 The development of an urban component for the ACRY model - - &7 473,00
425 The development of an integrated catchment management system for the Crocodile River

catchment 272 160,060 272 160,00 | #(272 160,00)
426 Preliminary investigation of algal weeds in South African inland waters 63 600,00 63 600,00 *#(11,00)
427 The development of electro-osmotic sludge dewatering technology 140 098,46 140 098,46 3 901,54
428 An overview of the pesticide and heavy metal levels present in populations of the larger

indigenous fish species of selected South Atrican rivers 115 788,48 115 788,48 21 611,52
429 Research on bio-augmentation technology for waste water treatment in South Africa 98 000,00 98 000,00 -
430 A comprehensive study of an fron-phosphate removai system 89 600,00 89 600,00 +(100,00)
431 A feasibility study of membrane characterisation by electrochemical measurements and

membrane eptimisation with computational fluid mechanics 5 787,71 578771 76 987,29
432 Microbiclogical corresion of conunon piping materials in the PWYV area 127 530,00 127 350,00 {30 550,00}
433 Engineering propertics of important Southern African rock types with special reference to the

shearing strength of concrete dam wall foundations 140 247,77 140 247,77 19 752,23
434 Evaluating the long-term use of polypropylene for hot and cold water piping - - 122 300,00
435 Development of a iraining programme on community water supply management for village

waler committees 8¢ 000,00 £0 000,00 -
436 Mechanisms of shor-term rainfall variability 79 900,00 79 900,00 -
437 An assessment of the potential for using stable carbon isotope ratios of wood charcoal as a

climate indicator 46 700,41 46 700,41 31 629,59
438 The development of a real-tirme, non-conventional rainfall mapping system 160 561,60 160 561,60 1523840
439 Potential impacts of rainfall stimulation on water resources and forestry in the Nelspruit-

Bethlehem target zone 174 715,45 174 715,45 #3353 202 46)
440 Identification of jrrigation land in an intensively cultivated agricultural area in the Soath-

Western Cape by means of satellite remote sensing 17 948,41 17 948,41 12 680,59
441 Determination of the relationship between transpiration rate and declining available water for

Eucalvpus grandis 132 696,85 132 696,85 15 903.15
442 Development of improved flow gauging structures for South African rivers 110 166,41 110 166,41 -
443 The compilation of goidelines for the use of peroxone and other oxidants in the treatment of

entrophic water 98 485,90 98 485,90 2 514,10
444 Development of rigorous engineering methodology for designing vegetative erosion protection

systems 80 251,68 8% 251,68 =17 670,44)
445 The removal of colour from Cape waters using ozonation and ultrafiliration 186 240,00 186 340,00 6 000,00
448 The improvement of injection nozzles for dissolved air flotation 34 900,71 34 900,71 24 099,29
449 Evalwation of non-conventional disinfection technotogies for small water systems 71 627,35 71 627,35 27 372,65
450 Research on performance criteria for package water treatment plants 49 181,76 49 151.76 40 818,24
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Statement 4 {continted)
Statement of expenditure and advances outstanding in respect of research projects and research
support services as at 31 December 1992

Expenditure Total
advances
P I'Oj ect Total to outstanding as
1992 31412192 at 31/12/92
R R R

451 The occurrence of protozoan parasites in South African drinking water 117 000,00 117 050,00 -
452 Research on the interaction between the boundary layer and Kendal Power Station natural-

draught dry-cooling tower 200 000,00 200 000,060 -
453 Development of procedures to assess whole effluent toxicity 140 000,00 140 000,00 -
454 An investigation of the occurrence of bacteria causing acid mine drajpage in the outer layers

of coal waste dumps 30 259,63 30 259,63 #(259,63)
455 Research on the anaerobic digestion of dairy factory effluents 45 100,00 45 100,00 -
456 The regional treatment of textile and industrial etfluents 81 667.51 81 667,51 #(12 267.51)
457 Monitoring and optimization study of igh-rate biofiliration, aerobic biological reatment

processes for tannery and fellmoitgery waste water 39 450,33 59 450,33 6 409,67
458 Research on the development of an expert systems approach o water management in the frul

and vegetable processing indusiry 132 763,75 132 763,75 #(34 634.07)
459 The laboratory-scale treatment of acetic effluent by the anaerobic digestion/ultrafilration

{ADUF) process 39 200,00 30 200,00 -
460 The application of the anaerobic digestion/ ultrafiltration (ADUF) process to fruit processing

effluent 35 500,00 35 500,00 -
461 To determine the reaction kinetics in a slurry precipitation and recycle reverse osmosis

(SPAREO) seed reactor 54 700,00 54 700,00 -
462 Activated fixed and suspended cultures for nitrification - - 30 000,00
463 Diversity and productivity of biotic communities in relation to freshwaler inputs in Eastern

Cape estuaries - § 375,00
404 The use of yeast biomass and yeast products o accumttlate toxic and valuable heavy metals

from waste water 20 035,62 20 035,62 5 32488
465 Deterpent phosphorus in South Africa: Impact on eutrophication with specific reference to

the Umpeni catchment 5 500,00 5 500,00 49 (00,00
466 Fluoro-carbon coating of ion-exchange membrane surfaces to overcome fouling and general

sculing 50 000,00 50 000,00 -
467 The development of an ultrafiltration pretreatment system for scawater desalination by

reverse Osmosis 65 500,00 65 500,00 -
468 A feasibility study for the provision of point-source water by enhanced solar distillation 52 047,21 52 047,21 *(13 047.21)
469 Studics on microbiological drinking-water quality guidelines T 000,00 70 000,00 -
470 The application of health risk assessment techniques to microbial monitoring data §5 000,00 83 000,00 -
471 Optimization of mine service walter disinfection - - 35 000,00
472 The characterisation of South African media for sand filtration 31 81673 31 816,73 19 183,27
473 Magnetite as fiocculant in water purification processes 348259 3 482,39 16 517.41
474 Developing an integrated approach to predicting the water use of riparian vegetation 104 242,71 104 242,71 216 757,29
473 The development of a recirculating experimental stream system 189 106,34 189 106.64 49 424,16
476 The transler of rescarch results on the irrigation of vegetable crops into practice 237 296,47 237 20447 40 403,53
477 Guidelines and procedures to assess and ameliorate the impact of gold mining operations on

the waler environment 166 000,00 166 300,00 -
478 Research on the saving of water with air-cooled heat exchangers 187 400,00 187 400.00 -
479 Research on a molecular approach te drought tolerance 136 615,00 136 615.00 2 585,00
480 Per capita waler demand in developing communities 67 360.54 67 360.54 -
481 Reseurch on geochemistry and isotopes for resource evaluation in the fraciured rock aquifers

of the Table Mountain Group 28 600,00 28 &00,00 -
482 The development of a strategy to monitor groundwater quality on a national scale 102 312,41 H32 512,41 #251241)
483 The compilation of a hydrogeological map of South Africa 70 886,30 70 886.30 31 843.20
484 An integrated multidisciplinary geodynamic/geophysical approach: to groundwater exploration

around the South Atrican coastline 116 160,00 116 100,00 32 841,46
485 Development of a systematic methed for evaluating site suitability for waste disposal based on

geohydrological criteria 136 046,64 136 046.64 11 45336
486 Catchment water quality deterioration as a result of water level recovery in abandoned gold

mines on the eastern and central Witwatersrand 187 #2501 187 623,01 T3 37499
487 Analysis and interprelation of aguiler tests in secondary aguifers 322 874,33 322 §74,33 10 623.67
488 Optimisation of the Rand Waler system 103 215,96 103 915.56 96 084.04
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Statement 4 (continued)

Statement of expenditure and advances outstanding in respect of research projects and research
support services as at 31 December 1992

£

Excess expenditure over advances for projects

Expenditure Total
advances
Project Total to outstanding as
1992 31712192 at 31/12/92
R R R

489 The development of procedures tor the control of imaccounted-for water in water distribution

systems and for the reduction of waler Joss 216 408,74 216 408,74 #*(3 944,51)
490 The development of flood damage functions and a computer program to determine the

advantages ot flood and flood damage control measures 85 899,59 85 899,59 85 100.41
491 Research on pond enhanced trickling filter operation {PETRO} 135 000,00 135 000,00 167 000,00
492 Research on the effect of the agricultural environment on water resources 128 655,00 128 655,00 48 645,00
493 The development and testing of a water balance model for a grassland catchment in the

sumymer rainfall area of South Africa 217 173,88 217 173,88 | #{130 173,88)
495 Biotechnological approach to the removal of organics from saline effluents 211 161,75 211 161,75 79 878,25
496 Research on human viruses in diffuse effluents and related water environments 54 274,56 54 274,56 142 325,44
497 Research on a geomorphological classification system for South African river sysiems 66 394,01 66 394,01 21 605,99
498 Coillection and evalvation of runoft water quality data from a disused teedlot in Natal 43 129,39 43 129,39 11 870,61
499 The effect of exchangeable sodium percentage and clay mineralogy on the infiltration capacity

of s0ils already sealed due to cyclic iirigation 54 791,27 54 791,27 3 408,73
500 Tdentification and verification of polluted areas in the dolomitic aguifer of the PWY area 70 006,00 F0 000,00 #(20 000,00}
501 Continuing research into the wetlands of Natal/KwaZulu 29 71200 29 713,00 10 032,00
502 Plunge pool scour reproduction in hydraulic models 46 532,00 46 532,00 #(12 650,00)
503 The effect of land use on Gamtoos Estuary quality 20 148,95 200 148,95 27 051,05
504 A manual on water purification and plant design. Phases 2 and 3: A design guide for water

purification 22 127,50 22 127,50 26 302,50
SUBTOTAL 24 635 275,05 § 58 339 130,27 | 201205148
2. RESEARCH SUPPORT SERVICES
South African Water Information Cenire 699 039 84 1 366 000,00 -
Establishment of a Computing Centre for Water Research 2906 700,00 | 2706 700,00 | =202 972.82)
SUBTOTAL 3406 689.84 | 4272 700,00 | *(202 972.82)
TOTAL 28 041 964,89 | 62 611 836,27 1 809 078,66
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Statement 5
Budget 1994

ESTIMATED INCOME

Rates and charges in terms of Section 11 of the Water Research Act
interest on invesunents
Erf Sewe-Nul-Ses Rietfontein (Pty) Ltd

TOTAL ESTIMATED INCOME

ESTIMATED EXPENDITURE
Administrative expenses

Salaries and allowances

Subsistence and transport

Postal and telecommunication services
Printing. stationery and advertisements
General expenses

Technolagy and information (ransfer

Approved research projects:

CRAWS

Research on the design criteria for crosstlow microfiltration

Research on hydrological systems model development

Research on 4 flood and furrow treigation: A critical evaluation of design procedures and the computerisation of the most suitable
procedures

A tegional investigation into ground-water quality deserioration in the Olifants River cutchment above the Loskop Dam, with
specialized investigations in the Withank Dam subcatchment

Research on the surface water rescurces of South Africa 1990

Research on the adaption and calibration of an urban runoff quality medel

Research on the erodibility of different rock formations under varying flow conditions

Research on the use of saline water for irrigation purpeses and an assessment of salt tolerance criteria of crops

Research on the applicability of hydrodynamic reservoir models for water quality managenient in stratitied water bodies in South Africa

Research on techniques for seasonal and long-term rainfall forecasting in South Africa

Research into the recovery of water and chemicals from ion-exchange regeneration effluents

Research on the development and evaluation of geohydrological and isotope hydrological methodcologies for the identification of areas
potentially suitable for waste disposal

Research on the occurrence and accumulation of selected heavy metals in freshwater ecosystems affected by mine and industrial effluent

Research on monitoring the effect of catchment development on urban runotf and water balince

Research on modelling of wbular reverse osmosis systems

Research on the development of an effective and environmentally safe larviciding programme for the conirol of the blackIly.
Stndim chinrerd, along the Orange River

A study of the relationship between hydrological processes and water quality characienistics in the developing Zululand coastal region

A global farm approach t¢ enhancing the economic efficiency of water and energy use for irrigation in the central RSA

Root development and water usage of commercial tirnber species

The effect of water quality variables on riverine biotas

The consolidation of activated sludge research

An jnvestigation into phytoplankten blooms in the Vaal River and the environmental variables responsible for their development
and decline

The development and evaluation of small-scale potable water treatment equipiment

Research on field difution studies on large oft-shore pipelines

Research on full-seale pilot-plant studies on phosphate crystallization in biological systems

R
50 078 000

47 870 000
171G 000
498 000

50 078 000

2 861 700

52353500
857 000
105 600
117 800

2324 800

1203 000

23 688 701

1 970 GO0
15 800
306 000

52 000

28 800
300 000
47 000
10 000
209 100
127 000
114 900
121 000

56 500
10 00D
275 000
11000

81 300
212200
172700

42900

96 000
105 800

154 000
169 000
11200
43 261
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Statement 5 {continued)
Budget 1994

Assessing the impacts of varying rainfall conditions on vegetation dynamics, production and certain hydrological properties of natyral
grassland, using a systern modelling approach

The Southern Agulhas current and its influence on the weather and climate of Southern Africa

The development of a distributed hydrological modelling system to assist with water guantity and quality management in the Mgeni
catchment, Phase 1l

The geomorphological response to changing flow regimes of the Sabie and Letaba River systems

The use of geographic infermation systems and other computer-aided drafting facilities for the production of geohydrological maps

The development of techniques for risk analysis and ground-water management of Southern African aquifers

Techniques for microbial aspects of water quality investigation of Soutls African rivers

The comresion performance of various non-metallic piping materials and coatings in potable water

Reszarch on development of a crossflow microfilter for rural water supply

The evaluation of various methods for the ferming of free radicals for the exidation of melecules in industrial effivents and potable
water

Scheduling irrigation of tuberous crops with specific reference to potatoes

The preparation of a manual for waste load allocation in Scuth Africa

A structural analysis of the water apportionmment mechanisms i the Water Act 534/1956, tn view of the requiremeiits of competing user
sectors

Marine pollution: Pathogenic micro-organisms

The use of vegetation in the amelioration of the impacis of mining on water quality - An assessment of species and water use

The application and performance of full-scale artificial wetlands for waste-waler treatment in South Africa

Optimal water utilisation by tarf

Catchment and land use: Effects on water quality and estuaries

Water quality and quantity assessments in catchments with changing land uses in the Umzinto coastal area

The relationship between atmospheric depositien and water quality in a small upland catchment

The rapid biclogical assessment of water quality impacts in streams and rivers

The effect of pre-programmed deficit irrigation en crop reaction

The development of an urban component for the ACRU model

Bio-avgmemtation technology for waste-water freatment in South Africa

Microbiological corrosion of commeon piping materials in the PWV area

Engineering properties of impertant Scuthern African rock types with special reference to the shearing strength of conerete dam wall
foundations

Mechanisms of short-term rainfall variability

An assessiment of the potential for using stable carbon isotope ratios of wood charcoal as a climate indicator

Determination of the relationship between transpiration rate and declining available water for Encafypius grandis

Development of improved flow gauging structures for South African rivers

The compilation of guidelines for the use ot peroxone and other oxidants in the treatment of eutrophic water

Osonation in the production of petable water from polluied surface water

Research on performance criteria for package water treatment plants

The occurrence of protozoan parasites in South African drinking water

An investigation of the occurrence of bacteria causing acid mine drainage in the outer Jayers of coal waste dumps

Research ou the anaerobic digestion of dairy factory effluents

The regional treatment ot textile and industriai effluents

Monitoring and optimization study of high-rate biofiltration, aerobic biological treatment processes for tannery and fellmongery
waste water

Diversity and productivity of biotic communities in relation to freshwater inputs in Eastern Cape estuaries

Developing an integrated approach to predicting the water use of riparian vegetation

The development of a recirculating experimental stream system

Guidelines and procedures t¢ assess and ameliorate the impact of gold mining operations on the water environment

Research on the saving of water with air-cooled heat exchangers

Research on a molecular approach to drought tolerance

Research on geochemistry and isotopes for resource evaluation in the fractured rock aquifers of the Table Mountain Group

The compilation of a hydrogeological map of South Africa

An integrated multidisciplinary geodynamic/geophysical approach to groundwater exploration around the South African coastline

Catchment water quality deterioration as a result of water-level recovery in abandoned gold mines co the eastern and central
Witwatersrand

Anzlysis and interpretation of aquifer tests in secondary aquifers

R

144 000
219 000

551 900
358 000
163 000
15 000
58 600
190 000
60 000

34 000
58 600
45 000

50000
102 300
137 800
115 600

26 700

12700

62 400

71 300
106 000
181 000

87 500
128 600

33 800

123 500
160 900
133 000
08 700
190 0G0
91 000
41 Q00
180 000
126 128
46 500
51800
180 000

567 000

8400
332700
310 200
164 000
246 300
173 000
145 000
116 300
152 900

345 000
357 500
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S tatement 5 (continued)
Budget 1994

R

Optimisation of the Rand Water system 136 000
The developinent of procedures for the control of unaccounted-for water in water distribution systems and for the reduction of water Joss 4335 000
The development of flood damage functions and a computer program to determing the advantages of flood and flood damage control

measures 160 000
Research on pond enhanced trickling filter operation (PFETRO) 314 000
Research on the effect of the agricultural environment on water resources 509 400
The development and testing of a water balance model for a grassland catchment in the summer rainfall area of South Africa 317 000
Classification and hydrological modelling of low flows in Southern Africa 313 000
Biotechnological approach to the removal of organics from saline effluents 178 000 :
Research on human viruses in diffuse effluents and related water environments 264 400 *
Research on a geemorphelogical classification system for South African river systems 175 000
Continuing research into the wetlands of Natal/KwaZulu 5600
Plunge pool scour reproduction in hydrawlic models 119 000
The effect of land use on Gameicos Estuary quality 14 QGO
A manual on water purification and plant design. Phases 2 and 3: A design guide for water purification 115 5312
The environimental status of the Orange River mouth as reflected by the fish community 16 600
Improved estimation of plant and soil evaporation from cropped lands 62 000
Modelling the water balance on benchmark ecotepes 38 400
Palaeotload hydrolagical analysis for selected South African rivers 141 000
The hydrological implications ol afforestation t the North-Eastern Cape 2060 009
Development of procedures for decision support in water resourses management 179 Q00
The development of a computerized management system for irrigation projects 29 500
Groundwater contamination as a result of third world type urbanization 280 000
Groundwater abstraction in the Port Elizabeth municipal area 35 000
Tie application of seismic wmography and ground-penetrating radar for the detection of fractures and the determination of hydravlic

properties of fractured rock aguilers 220 000
A case study of stormwater poliution control in o represeatative valley 106 600
The development of programmes to combat diffuse sources of water pellution in residential areas of developing communities 54 000
Guidelines on appropriate technologies for water supply and sanitation in developing communities 140 Q00
Water scheme cost recovery 89 000
A pilot study to investigate alternative management options to enhance the uvse of saline water for imigation purposes 160 000
Naturad and unnatweal factors regulating the siructure and lunctioning of estuarine sysiems 50000
Distribution of fluoride-rich groundwater in the Eastern andd Mogwase regions of Bophuthaiswana: Influence of bedrock and seils,

and constraints on utifisable drinking waler supplies T 300
A survey of cwrrent waler management and treaiment practices in the South African gold and coal mining ndustries 317 400
The development of an integrated and generic water guaiity simulation model lor open-cast coal mining waler circuits 222 600
Membrane characierisation by electrochemical measurements and membrane optimisation with computational fluid mechanics 328 700
Technology wansfer of aquatic chemical speciation modeiling 210200
The development of characterising and eleaning technigues to classify foulants and to remove them from ultra- and microfiltration 81 300
Guidelines lor the treatment of Eastern and Southern Cape coloured water 68 900
The use of filamentous micro-organisms for the purification of industrial effluents 92 000
The development of & dynamic modei for the growth and bloont of algae in the Vaal River 45 000
Guidelines to coagulation and flocculation for South African waters 109 200
The development of & dynamic crossflow sand filter for rural water treatment 31 000 '
Evaluation of the use of bacteriophages as indicators for water quality 128 200
Biodegradation organic compounds and microbiological regrowth in drinking water 157 550
Causes and control of low F/M filament buiking in nutrient removal activated sludge systems 133 000
Bioremediation technology for the treatment of contaminated seepage water and soil in South Africa 246 000
The determination of sfudge build-up rates in septic tanks. biological digesters and pit latrines in South Africa 50 000
Standard laboratory organisms for water quality studies 187 200
The development and demonstration of effluent treatment systems appropriate to the needs of the red meat abattoir industry 150 000
Synthesis of organic precursors tor the development of novel wbular membrianes for the treatment of industrial effuents 29 200
An investigation into the upgrading of Orange River water and secondary sewage effluent by means of wltra- and nanofiltration 34 200
Algal toxins in drinking-water supplics 110 000
Evaluation of the potential quantity of methane gas from 835 anaerobic household digesters 30000
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Statement 5 (continued)
Budget 1994

R

Evaluation of immobilised semi-conductor particles for the photocatalytic oxidation of organic pollutants in industrial and municipal

waste water 435 200
The application of capillary meimbranes in the biotechnological treatment of industrial effluents 34 100
A study of activated sludge microbial population dynarnics for the optimization of biclogical phosphorus removal 88 000
The Limitation of convection currents in clarifiers 51750
Refinement ot design parameters for sludge thickening by dissolved air flotation 25 800
The optimal operation of combined flotation/filiration of eutrophic surface water 18 D00
The prediction of pollution loads from coarse sulphide-containing rock materials 200 000
Development of a crossflow microfiltration unil to improve the performance of anaerobic digesiers at waste-water treatment works 230 000
The effect of water supply, handling and usage on water quality in relation to health indices in developing communities 287 500
The occutrence and distribution of algal species and related substances in a full-scale water purification plant 125 000
The development of an Exxpress unit for the production of potable water and the dewatering of waterworks siudges 150 000
Investigation into high-rate recireulation and solids contact optimisation of biological filtration plants 45 200
The preliminary assessment and review of Integrated passive water treatment systems for mine effluent stresims 50 0G0
Water and sanitation in urban areas: Financial and institutional review 108 500
An investigation of the contaminant attenuation capacity of the seil/aquifer system with special emphasis on the vadose zone 381000
Water-use efficiency of cultivated snbtropical forage and pasture crops 106 500
The potential for the use of economic instruments to protect the quality of water resources it South Africa 30 00C
Calibration of models for the design of covers for open-cast mine and waste dump rehabilitation 275 300
The effects of different magnitude flows on South African riverine ecosystems 319 000
Decision support for the integrated management and conservation of estuaries 207 D00
The evaluation of irrigation technigues used by subsistence and emergent farmers 300 000
Hydraulic roughness of tunnels bored by machine through various rock-types 3400
The contral of dam siltation in South Africa 240 000
A computerised weather based irrigation watetr management system 265 000
The screening of crop, pasture and wetland species for tolerance of polluted water originating in coal mines 112 200
The development of a luboratory river model to determine the environmental impacts of key xenobiotic compounds 28 500
An atlas of potentially water related disease in South Africa & 000
Modeliing flow through porous media 43 000
The development of a decision support system for the selection of the most appropriate sanitation option for developing communities 110 000
Evaluation of water pipe leaks in the Johannesburg municipal area 34 100
Demonstrating the potential of geographical information systems technology in hydrosalinity imodelling by using the Disa model 21200
Expected research projects 11 638 400
Other grants 4 639 199
Research and other granis 212 000
Specialist and consultation services 1 439 599
Research support services and facilities 2 987 600
ESTIMATED INVESTMENTS BALANCE 250 0G0
TOTAL ESTIMATED EXPENDITURE 50 078 000
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Statement 6

Statement of receipts and payments for the year ended 31 December 1993

Receipts 11}’3 Payments 1?3

Balance on I January 1993 18 779 468 Administrative expenditure 77101 916
Investment at Corporation for Public Deposits 18 787 140 Salaries and allowances 4 932 659
Cash on hand 130 Motor transport 23 956
Bank ovendraft (7 822) Subsistence and transport expenses 311 676
General transport 364 177

Rates 783 173 Postal and telecommunication services 34 320
Telephone services 64 310

Governmeunt irrigation schemes with canal sysiems 375212 Printing 2957
Irrigation Boaed Schemes 407 951 Staticnery 851213
Advertisements 26 829

Charges 39411117 Computerisation 69 121
Rental and maintenance 794 314

Metered water from Government schemes 33029 607 Entertatntnent 44 615
Municipalities 6377 592 Office complex 68 148
Interest on charges in arrear 3018 Services renderedt 15 562
Insurance 37372

Other 1952 556 Collection services 426 754
Audit fees 59 370

Tnterest an investment 766 719 Patent registrations and legal advice 147 426
Loan: Erl Sewe-Nul-Ses Rietfontein (Pty) Lid 1 036 348 Registration and subscriptions 77 707
Sundry income 149 489 Miscellaneous expenses 41 917
Loan; Erf Sewe-Nul-Ses Rictfomein {Pry) Lig 73513

Purchases: Fixed asseuws 88 404

Computer equipment 48 936

Office equipment 29 875

Olfice furniture o593

Technology and informaiion transler 840 485

Publications 573 691

Conferences 78 443

Publicity 188 351

Research expenses 34 807 210

Project advances 29 024 543

Research projects 3892768

Research and other grants 131 121

Specialist and consullation services 1 386 837

Research support services and faciiities 377921

Motor scheme and subsistence and transport advances 195 5373 Motor scheme aml subsisience and transport advances 167 105
General suspense 170 480 Genceral suspense 1 070 748
Hydrological Informatton System 2545 379 Hydrelogical Information Systemn 2 357 023
Value added rax 4 641 536 Value added tax 5000416
Balance s at 31 December 1993 16 445 G4

Fixed investments 10 000 000

Investment ar Corporation for Public Deposits 4 958 080

Cash on hand 150

Casl in bank 1 487 754

RGS 479 29| RGOS 479 201

WATER RESEARCH COMMISSION
PRETORIA. 19/1/1994

(Signed PE Odendaal)

EXECUTIVE DIRECTOR/FE ODENDA AL
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Annexure

PUBLICATIONS EMANATING FROM RESEARCH FINANCED WHOILLY OR PARTIALLY BY THE WRC

This Appendix contains a list of publications released in 1993. Requests for publications should be directed, as far as
possible, to the authors.

Articles and papers (1993)

Adams, IB and Bate, GC (1993) The effect of salinity
and inundation on selected estuaring macrophytes -
Managemeat implications, Paper presented at Bth
South. Afr. Mar. Sci. Symp., Langebaan, October,

Adams. 1B and Bate. GC {1993 Understanding the
freshwater requirements of cstuarine plants. Paper
presented at 4th Eur. Union for Coastal Consery,
Congr., Marathon, Greece. April.

Andersen, NJB and Adinslie, LC (1993) Negtectonic
inversion - An aid to the location of groundwater,
Paper presented at the “Africa needs Groundwater”
Convention, Univ, of the Wilwatersrand. 6-3
Seplember.

Basson, NI and Pieterse, AJTH (1993) The occurrence
and origin of THM subsiances in a full-scale plant
purifying water from the middle Vaal River, Paper
presented at WISA Conf., Durban. 24-27 May.

Bate, GC, Redriguez. FG and Adams, JB (1993) The
influence of freshwater management on estuaring
microalgae in semi-artd areas. Puper prescmted ol Jth
Eur. Union for Coastal Conserv. Congr., Marathon,
Greece, Aprik

Bath, AJ and Gérgens, AHM (1993) Application of o
two-ditnensional mode! to simulate the water guality
and hydrodynamics of the Vaal Barrage. Proc. Jrd
Bienn, Conf. of WISA, Durban, May. 1 66-77.

Bath, AT and Gorgens. AHM (1993} Role of hydro-
dynamic simulation modeliing In the management of
water guality: The Vaal River system - a South
Alfrican case study. Proc. of the Ewviron. Physics
Groop (st of Physics), fnlond and Coasief Water
Quadity, London. September.

Bennie, ATP. Hoffman, JE and Cosizes, MF (1993}
Sustainable erop production on agolian sandy semi-
arid soils in SA, Paper presented at Ist East, and

South. Afr. Crop Soc. Conf., Kumpala. 13-17 June,

Birkhead, A and James, CF {1993) Modeling and
monitoring the riparian water balance of « river svs-
tem for environmenial swdies. 1o Proc.: Warer rhe
Lifeblood of Africa. A Symp. on Water and River
Manage. for Developing Countries, IAHR, Victoria
Falls, Zimbabwe. 12-15 July. 5.1-5.8,

Booysen, ] {19933 The development and ¢vatuation
of a realiime electronic water balance monitoring
apparatus in natural rangelond. Proc. 6th 5. Afr, Marl,
Hydrol. Symyp.. Univ, of Natal, Pietermarttzbucg. 8- 14
Seplember. Vol IL

Boshoff, P, Kovacs, Z. ¥an Bladeren, D and
Zawada. FK (1993} Poenuial benefits from palaec-
flood investigation in South Africa. 5. Afr. Civ, Eng.
35 25-26.

Botes, JHF, Bosch, DJ and Oosthuizen, LK (1993)
Elicitation of risk preferences for irrigation farmers in
the Winterton aren. Paper presented at Anau, Conf, of
the Agric. Econ. Assoc. of South, Afr., Cape Town.
27-28 Seplember,

Botha. IF {19933 Aguifer tests in hard-rock aguifers.
Paper presented at the “Africa needs Groundwater™
Convention, Univ. of the Witwaterscand. 6-3
September,
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Bredenkamp, DB, Jansc van Rensburg, H and Botha
LJ {1993) Manual on quantilative estimation ol
groundwater recharge. Paper presented af the "Alrica
needs Groundwater” Convention, Univ. of the
Witwatersrand. 6-8 September.

Brouckaert. CI (1993) The use of compuater simuia-
tion of fubular reverse osmosis in conjunction with
pilot-plant swdies, Fifrrafion and Separation 30 (1)
59-62,

Brouckaert. CJ. Jacobs, EP, MacTavish, F.

Cowan, JCA and Han. QO (1993) Cleaning straegics
and membranes operating on red-meat abattojr waste
streams. Paper presented at 3rd Bienn. Conf. of
WisaA, Durban. 24-26 May,

Brézel, VS and Cloete, TE (1993) Adaptation of 33
Pseirdomontas aernginesa 1o 2,2 methylene bis

4 Pyetdomonas aeruginesa 1o 2.2 methylene bis
chlorophenaly. J. Appl. Bucieried. T4 9400,

Brézel, ¥S and Cloeie, TE {1993} Mechanisms of
bacterial reststance 1o biocides - A review, CAR
Bindeterioration Abyiracts, December.

Brizel, V5 and Cloete. TE {1993} Resistance of
Pscudomonas aeruginoss to sodium dimethyldithio-
carbamate by adaptation. Curremt Microbiol. 26
275-280.

Briizel, VS, Pictersen, B and Clocte. TE (1993)
Adaptation of bacterial cullures to non-oxidising
water trealment bactericides, Warer SA 19 (2)
259-263.

Buckiey, CA. Brouckaert. Cf and Kerr, CA (1993)
RO application in brackish water desalination and in
the trearment of industrial eftluenis. In: Amjad. Z
{ed.} Reverse Osingsis: Mentbrane Techuology, Waer
Chenisery and Indusirial Applications. Yan
Morstrand Reinhold Publishing Company. New York.
275299,

Casey, NH, Meyer. JA and Van Niekerk, WA (1993)
Livestock Watering: South African Weater Qunaliry
Gridetines (151 edn.) Published by the Dep. of Water
Affairs and Foresiry. 4 69-133, 199.201, 251.259.

Chutter. FI (1993) The role of biological monitoring
in water quality assessment. Paper prosented at
Seminar held at Univ. of Cape Town. April.

Cloete, TE. Da Silva, E und Brivzel, ¥S (19%3)
Application of Sterikon® bicindicalors for the deter-
mination of bactericide concentrations. Water 54 19
4) 343-343,

Coetzeg, B, Roos, ) and Pieterse, ATH (19933 The
relationship between growth and photosynthesis in
three different algal species. Paper presented at Annu,
Conf. of the South, AlT. Soc. of Aquat. Seci.,
Johannesburg, July.

Coleman. T (1993) Comparison of imodelling of sus-
pended sofids using SWM3 and model based on Sed,
Transpon. Proe. ICUSD, Niagara Falls.

D Clivaita, T (1993) Towards a better approach o
modeflting of unsaiorated flow. Paper presenced at 2nd
5. Afr. Young Geotech. Eng. Conf, Univ. of
Stellenbosch, 5-8 April.

[3e Wat, DL, Smithers, JC, Schulze. RE and

Hudson, N (1993} Asscssment of impacts of feedlots
on wiater quality in the Mgeni eatchment. Proc, Gk 5
Afr. Hydrol, Symp., Univ, of Nawl. Pigtermaritzbuarg.
8-10 Seplember.

Dial, B, Jury, b and Schormann, M (1993) An air-
craft siudy of mesc-scale surlace wind pauerns and
associaled meweorological eonditions over Cupe 5t
Francis. South Alrica. . Appd. Meteorof, 32

Drickens. CWS and Freese. 5 (1993) Investigation
into the impact of algae rupture on the treatment of
water for Durban. Paper presented at WISA Conf..
Durban, May.

Donkin, AR, Smilbers, JC and Lorentz, SA (1993)
Direct estirmation of tolal evaporation tom wetlands.
FProv, 6th 5. Afr. Hydrol Svnp., Undv, of Natal,
Pietermaritzburg. 3- 10 Seprember,

D Plessiz. P and Marce, JP (1993) Newralisation of
acid water in the chemical Industry with linestone.
Proc. Jed Ipe. Conf on Wasee Manage, i the Chem,
aird Petrochen. find., Salvador, Bahai, Braxl. 20-23
Cctober,

Du Precz, HH, Steenkamp. VE and Schoenbee, HI
(1993) Bioaccumulation of zing and lewl in selecied
tissues and organs of the Mrestowater crab
Fotanangites warvesi, The Sei. of the Total Environ,
134 8 pp.

D Preez, HH and ¥an Yuren, JHI (1993) Levels of
selected metals in fish from the Olifams River.
Kruger National Park, South Africa. Poster presenta-
tion at st SETAC World Conf. - A Global
Perspective, Lisbon, Portugal. March.

Dye. PI{1993) The reaction ol Eucalypius grondis to
induced drought. In: Lorentz, A, Kienzle, SW and
Dent, MC {eds.) Proc. 6th 5. Afr. Narl, Hydrof,
Syanp.. Univ, of Matal, Pictermarilzburg, 8-10
Septernber. Vol I1, 725-735.

Edwardes. M and Palmer. BW (19933 Conrol of
Siamulitne wlong the Orange River. Paper presented at
9th Congr. of the Entomol. Soc. of South. Afr.. Uniy.
of the Wilwaterstand, 28 June - | July,

Edwardes, M. Palmer. RW and Nevill, EM (1993)
Report on Sinufiven contral afong the Grange River
from 1990 10 1992, including proposal and recom-
mendations for 199371994 Onderstepoort Veterinary
Res. tast.. Internial Report sabwnitted to the Dep, of
Agric. 37 pp

Elphinstone. CI3, Viviers, M1 and Meyer. R (1993)
Risk analysis in groundwater management. Paper pre-
sented at the “Africa needs Groundwater”
Convention, Univ. of the Witwatersrand. 6-2
Seplember,

Everson, CF (1993} Proposed maodel structure to
simulate ¢vaporation from a grassland catchment.
Paper presented at Werkishop on the Field Water
Balance in the Modelling of Cropping Systems.
Univ, of Pretoria, 28 June - 1 July.

Fyfield, TP and Walker. 5 {1993) The minirhizowon
system for monitoring root growlh, Paper presenied o
S. Afr. Crop Prod. Soc. Congr., Rustenburg. Tanuary.



Fyfigld, TP and Walker, 5 {1993) Use of the hest
pulse methed to measure transpiration. Paper presen-
ted at S, Afr. Crop Prod. Soe. Congr., Rusienburg.
January.

Geuppert, SR and Chutter, Fivi (1993) The rapid bio-
logical monilering of water quality. Proc. WiSA Conf.
1247-258.

Gargens. AHM. De Smidi. K and Bath, AT (1993)
The promise of hydrodynamic reservoir modelling for
water quality management: Roodeplaat Dam, Inanda
Dam and Vaal Barrage. Proc. 6th 5. Afr. Matl.
Hyeral Svenp., Pletermaritzburg. September.
625-636.

Grabow, WOK {1993) Pathogenic organistns and
indicators of faecal pollution. Paper presented at
Semin. on the Disintection of Water and Wastewater
in Developing Countries, Belo Horizonte, Brazil.
26-28 April.

Grabow, WOK. Fuvorov, MO, Taylor, MB and
Fields, HA (1993) Seroprevalence of hepatitis E in
782 selected South Alrican individuals, Paper pre-
sented at Berg-en-Dial Inl. Virol. Congr. 22-23
August,

Grabow, WOK, Puttergill. DL and Bosch. A (1993)
Flaque assay lor adenovirus lype 41 using the
PLC/PRESS liver celi line. Water Soi. and Technel. 27
321-32%.

Grabow, WOK and Taylor, MB (1993) New methods
for the virological analysis of drinking woler supplies.
Froc, Bienn, Conf. and Extition of WISA, Durban.
24-27 May. 16-24,

Grubow, WOK, Taylor, MB., Bailey, I'W and

Walters, [{1993) Dusi Cance Marathon: Risk of
infection associated with polluted river water, Poster
presentation at Bienn. Cond. and Exhibition of WISA,
Durban. 24-27 May.

Graham, ADN, Savage. MJ and Liglhtbody, KE
(1993) Use of a stem steady state hear energy balance
technique for the dr site measurement of transpira-
tion, 2: Field application lo Encalfptes gramdis, Paper
pruesenied to Sotih, Alr, Soc. for Hortie. Sei., Wild
Couast, Transkel,

Harris, 1 and Middleton, BJ (1993) Caleulaiions of
low flows [or selected South African rivers amd impli-
cabigns Tor water yuality, Proc. it 50 Af Mol
Hyedved. Symp., Pletermaritzburg, 6-8 Seplember,
655-604,

Heath, R (19933 A fish based index of biological
inegrivy. Puper presented at 5. Al Soc, Agquat. Sei
Conl., Rand Afrikaans Univ.. lohannesburg. July,
Heath, R (1993} A protacol for bisassesstent moni-
toring ol pestictdes and heavy metals in (ish from 3
Kruger National Park Rivers. Paper presented at
Kruger Natiom] Park Workshop, Brogderstooomm,
Sepember.

Heritage, G, Cheshire. P and Van Nickerk. A (1933)
Geological aspests of the Subic River geomomhology
project, Kewger Narioaal Park Bivers Res.
Programe Newslener 3.

Heritaee, G and Van Nickerk, AW (1993}
Geamorphology of the Sabie River: Overview aml
classification. CWE Report 2/ 1993,

Hodgson, FDL (1993} HydroCom and GIS - A new
perspective In groamdwader data interpretation, Faper
presenied authe = Africa needs Groundwater™
Coavention, Univ. of the Witwatersrand, -8
Sepleniber.

Howiard. G and Gérgens. A (19933 The poential
impicls of cloud seeding on the yighls of summer
rainfall catchments using the ACRU model. Proe. 6t
5 Afr. Hydrol Svip., Univ, of Nawl. Phelermaritz-
burg. 8- 10 Seprember,

Hughes, DA (1993 Varieble iime incrvats indeter-
ministic hydralogical models. 7. Aydeof, 143
217-252,

L3

Ci

Hughes, DA (19933 A pragmalic approach Lo incor-
porating “real” hydrology inte a cacchment simulation
maodei. Froe, 6t 5. Afr. Hydrol. Symp.. Univ. of
Natal, Pietermaritzburg. 8-10 September,

Hughes, DA and Smakitin, ¥Y (1993) Processes,
driving forces and potential indices of low flow
hydrology. Paper presented at the Workshop on Low
Flows organised by the Warer Research Commission
and the Depanment of Water Alfairs and Forestry.

Hughes, BA and Van Ginkel. C (19933 Nutrient loads
in runoff from developing urban areas, 2 modelling
approuch. Proc gt 5. Afr. Hvelrol, Synp.. Univ, of
Natal, Pietermaritzburg, §-10 Sepember, 483-490.

Humdall. MI. JIacobs, EP and Sanderson. RD¥ (1993)
Chemical composiiion of thin-film composite reverse
osmosis membranes made from poly-2-vinylimidazo-
line. J. Membrane Sci. 78 283-208,

Humdail. MJ, Sanderson. RD, Jacobs, EP and

van Reenen. AT (1993) Poly(2-vinylimidazoline)
composite reverse osmosis membranes. Desadination
90 41-54,

Immelnan. E, Beznidenhout. D. Sanderson. RD.
Jacobs. EP and Van Reenen, AJ (1993) Poly(vinyi
aleohol) gel sublayers for reverse osmosis mem-
branes, 7L Insolubilization by crosslinking with
polassivm peroxydisulphaie. Desolineion: 94
115-132.

[mmelman, E. Juhed, N and Sanderson. R {1993)
Curing kinettes of diallyl phthalate in the presence of
dicumy] peroxide as cutalyst. A comparison of diffe-
renl data analysis weehniques, Thermochimica Acto
214 277290,

Immelman. E, Sanderson, R Jacobs, EP and
Van Reenen. AT (1993) Poly(vinyl alcobiolh gel sub-
layers for reverse osmiosis metubranes. 1. Insolubili-
zaten by acid-catilyzed dehydration. J Appd,
Paloer Sei, 30 [013-(034.
Immeknn, B, Sandersen, RD, Jacobs, EP and

an Reenen, AL (1993) Poly{vinyl alcohol} gel sub-
layers for reverse osmosis membranes. 11, Insolu-
hilization by crosslinking with polytmethyl vinyl
ether-ali-maleic anhydride). Desefination 94 37-54.
Tacobs, EF. Brouckaert, CJ, MocTavish, F.
Hart. OO and Cowan, 1TAC (1993) Cleaning sirategics
lor membranes operming on red-meat abatolr waste
streams, Proc, 3ed Blewn. Conf. of WISAL 124-125,

Jacobs, BR, Brouckoere, C ond Wadley. 5 (1993) On
the operation of UF membranes on red-meat abuigoir
wasle streams. Paper presented at Ink Congr. on
Membranes. Heidelberg, Germany. 30 August - 3
Septemir.

Jucobs. B, Swart. P. Brouckaert. CJ and Hare, QO
11993} Membrane performance restoradon. 1. Abattoir
process sircams. cleaning regimes for UF membranes.
Water 5A T4 () 127-132.

Fames, T8 (1993) Progress in geemorphological and
hiydraalic research in the Sabic and Letaba Rivers,
Paper presented at Annu, KNP Rivers Res.
Programme Symp. Magaliesburg Conf. Centre.
26-28 Seplerber,

Jewitt, GPW and Schulze, RE (1993} Verilivation of
the ACRU minded using « Decision Support System
developed for forest hydrology applicanons, Proe. 6ih
S, Afr. Hydrol, Syap.. Univ, of Naal.
Pietermaritzburg. 810 Seplember.

Jocdaun. R. Ptewerse. AJH, Traut. DF and Peacock, P
{1993y The eflfect of high-pH lime on carbon uptake
rates in diflerent phytoplankion species, Poster pre-
sentatkon at Annu. Conf. of the South, Afr, Soc. of
Aguat, Scio Johannesbure. luly,

Jury, MR and Levey., KM (1993) The Eustern Cupe
drogght. Worer $A 9 (2 133-138.

Jurv. ME, Lindesay, 1A and Winemeyer, [ (1993)
Flood eptsodes in central South Africa feom sutellite
and ECMWE data, 85 Afr, F. Sef, 89 263-269,

.

Tury, MR en Lutieharms, JRE {(1993) Die sirukiuer en
moontlike aandrywingskragte van die 1991-1992
droogie in Suideiike Afrika. 5. Afr. Tvdshrif vir
Marwowe, en Tegnel 12 (2) 8- 16

Tury. ME. Pathack, BME and Watiser, D {1993}
Saellite OLR and microwave data as a proxy for
surnmer rainfall over sub-equatoria) Africa and adja-
cent oceans. Mt S, Cliviared. 13 257-269.

Jury. MR Valening, HR and Lujeharms, JRE (1993
Influence of the Agulbas Current on summer rainfall
atong the southeast coast of South Africa, J. Appi.
Meteorof, 32 (7) 1282-1287,

Kelbe, BE and Spyman, N-M 01993 Waler quakity
response to land use for short duration, high intensity
sworms. Proc, el 5. Afe Hvdrol, Svip.. Univ, of
Matal, Pieermaritzburg, 8-10 Seprember.

Kienzle, SW (19933 Application of o 515 for simula-
ting hydrological responses in developing regions. In:
Kovar, K and Machtnebel. HP feds.y HydroGIs 93:
Application of Geographical fuformation Systems in
Hydrofogy and Water Resources Managemens. TAHS
Pubi. 211 209-3[8.

Kignzle, SW (1993) The role of amospheric salt
Input in evapoconcentration on river salinisation in
the Bregde River calchment, Western Cape Province.
South Alvicr. Proc. 6 5 Afr. Hvdrol, Svp.. Univ,
of Natal. Pietermaritzburg, 8 10 Seplember.

Kienzle. SW and Lorenlz, SA (1993) Production of a
soil eradibility may and simulation of sediment yield
in the Henley Dam catchment, Natal. Froc. 6 5. Afr,
Huydred, Symp.. Univ. of Matal, Pistermariizburg. 8- 10
Seplember.

Kienzle, SW and Micoll. A (1993) Water yield unaly-
sis on the Niwasahlobo River on the Netherby Farm
in the Mpendle districn, Naal, Repart 1w the Rural
Advice Centre In.. Burban. Dep. of Agric, Eng..
Univ. of Nual. Pietermarizburs. 11 pp.

Kienzle, SW and Tarboon, KC (1993 Improvemen
of agro-hydrological modelling through a link with o
Geographical Information System, Agrfe. Kuy, in S,
A, 24.

Kiker. GAL Leeler, ML andd Schulee, RE (1993
Simulaed maize and sorghum yields in the Rust de
Winter-Libangeni region, Repont o E Butter. 12 pp.
King. JM (1893} An ccological perspective al viver
flony. Paper presented at Low-flow Hydrol. Work-
shop, WAFMAWRC. 22-23 Februwry,

King, IM (1993} Proc. of o Worksfap 1o fdentify the
Faxtreant Flow Reguivements of the Lephalafe River,
DWAF Repon No. WIAIOIENZ,

King. 1M, Bruwuer, CAL Louw, MY and Tharme. RE
{1993} Flow requirements for rivers - The bigger pic-
ture. Paper presented ot Annu, KNP Rivers Res.
Programoe Symp.. Magaliesburg, 26-28 Seplember,
King. JM and Tharme. RE (1993) Ecologists nevd
hydrolegicnd and hydranlic information for instream
flow assessments, but what form showld it take and
why? I Loreniz, A, Kicozle, SW and Dent. MC
(eds, ) Proc. 6th 3 Afrc Hyvdrol, Sxenp., Univ, of Natal,
Pietermaritzburg. 8- 10 September. Vol LI

King. IM and Tharme, RE (1993) Explanadon of the
building bltock methodology, Paper presented al
Rosendaal Dom Warksession, 24-26 August,

King. JM and Tharme, RE (1993) Instream fow
reguirements: Assessment of the Instream Flow
Ineremental Methodalogy. Paper presented at Cont,
of the South. Afr. Soc. of Aquan Sei. Rand Adrikauns
Lniv. 8% July,

B limenko, I8, Platonova, WB. Tarakanov, BA.
Muiburov. SP, Linkowv, ¥ and Sinderson, RD

1 1993) Some feawres of thermao-oxidative stabiliza-
tion of nitrile copolvmers, conining jiwiconic acid.
S Afe oof Chen, 46,
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Kunz, BF and Schulze, RE {1993} A sensitivity
analysis of runoff production in sewhem Africa to
global climate change. Proc. 6th S. Afr. Hydrol
Syrngr., Univ, of Natal, Pictermaritzburg, 8- 10
September.

Lambourne, 1 (1993) Smiall-scale hydrological
process studies: Using imagery. Proc. Sth S. Afk
Hydrol. Synp., Univ, of Natal, Pietermaritzburg, 8-10
September.

Lecler, NL (1993) Irigation systemn capacily in rela-
tion to risk, crop yield and scheduling strategy. Paper
presented al the S. Afr. Inst. of Agric. Eng. Symg.,
Montagu,

Lecler. NL., Kunz, RF and Schulze, RE (1993)
Sensitivity of predicted irrigation water requirernenis
lo estimates of reference evaporation, Proe, 61 S,
Afr. Hydrad, Svmp.. Univ, of Natal, Pictermaritzburg.
8-10 September.

Leenhard:, [ and Schulze, RE {1993) ACRU simula-
tions at five Mondi wrial sites in Zoluland. Report to
Mondi Foresis Zululand, Kwambonambi. § pp.

Le Roux, G, Cloot, A, Schoombic, 5'W.

Pieterse, AJH and Roos, JC (1993) Modelling of sili-
con uptake by diatoms in the middle Vaal River.
Paper presented at Annu. Coni. of the South. Alr,
Soc. of Aguat. Sci., Johannesburg. Tuly.

Leukes. W, Jacobs. EP, Sanderson, RD,

Shipin. OV and Rose, P {1993) [mumeobilization of
methanogens on polyethersulphone capillary mem-
branes for industrial gas conversion. Poster presenta-
tion at Int. Congr. on Membranes, Heidelberg,
Germany, 30 Augusi - 3 September.

Levin, M and Van Blerk, JJ (1993) Application of
image processing in regional groundwater studies.
Paper presented at the “Africa needs Groundwater”
Convention, Univ. of the Witwatersrand. 6-8
September,

Lightbody, KE, Savage, MI and Graham. ADMN
(1993) The use of a stem steady stae heat energy
baiance technique Tor the o sin measurement of
waler flow in Ewcalypries grandis voots, Poster pre-
sentation to South, Afr. Soc. for Hortic. Sei., Wiid
Coast, Transkel.

Lindeque, JF. Steynberg, RE en Rethman, NFG
{1993) Watergebruiksdoeltrelfendheid vaw lusem by
verskillende besproetingspeile, Referaat gelower by
Kongr. van Weidingsver. van Suidelike Afr.,
Bloemfontein, Januarie.

Linkov, VM, Jacobs. EP and Sanderson, RD (1993)
Design of a cachon micrafilier for use i a bioreactor.
Foster presentation at ITPAC Int. Congr.. Beijing.
China. 15-20 August,

Linkov, WM. Sanderson, RD, Fedotov, VA,
Laskutov, Al and Kuznetsov, MC (19933 The inter-
action of fluorine with the carbon adsorbent SKT.
S Afr. F Clem. Eng.

Linkav, ¥M, Sanderson, RD and Jacobs, EP (1993)
Scanning probe microscopy study of carbon mem-
brane surfaces. f. of Materiads Sci. Letters.

Linkov, VM, Sanderson, RD and Jacobs, EP (1993)
Scanning probe, transmission and scanning electron
microscopy study of hollow fibre carbon membranes.
Poster presentation at Int. Congr. on Membranes,
Heidelberg, Germany. 30 August - 3 September.

Loreqtz, SA (1993 Addendum to: Reporl on lzbora-
tory wsts on the physical and unsaturated hydraulic
properties of Envirocare of Utah soil cones. Report to
Bingham Environmental Engineering. Salt Lake City.
Utah, USA,

Loreniz, SA (1993} The use of acctiate lquid reten-
tion characteristics of porous media in hydrology.
Proc. Gth S. Afr. Hvdvol, Symp., Univ. of Natal,
Pietermaritzburg. 8-10 Septeinber.

Lorentz, $A, Kunz, B and New, M (1993) Comelaling
sediment particle size with ruinfall history. Report 1o
Transvaal Museum. Pretonia. 10 pp.
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Lorentz, $A, Sewell. GM and Schulze, RE (1993}
Soil water budgeting in the hydrological modelling of
South African catchmenis, Proc. th §. Afr. Hydrol.
Svmip., Univ, of Natal, Pietermaritzburg. 8- 10
September.

Lotter, PR {1993) Use of Neatron Prabe soil moisture
readings to calibrate a water balance estimation
method. Proc. 6t 8. Afr. Hyvdrol, Symp., Univ. of
Martal. Fietermaritzbarg. 8- 10 September,

Lynch, D and Dient, MO (1993} Estimating areal
mean monthly time series of rainfall. Warer S4 19 (1)
#5-58,

Lynch, 8D, Reynders. AG and Schulze, RE {1993}
Beterinining input data for a national scale groundwa-
ter vulnerability map of southern Africa. Froc. &ih 5.
Afi. Hydrol. Symp., Univ. of Natul, Pietermaritzburg,
8-10 September.

Maree, JP and Du Plessis, P (1993) Limestone new-
tralisation of acid water in a flwidised-bed reackor.
Proc. WISA Couf, Durban, 24-26 May, 144-157.

Mather, GE and Terblanche, DE (19931 Eain qug-
mentaton rescarch in South Africa. S Afr J Sci. 89,

MeCallrey, LB and Willis, JP (1992) Disiribution of
fluoride-rich ground waters in the gastern regions of
Bophuthatswana, velationship o bedrock and soils,
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