
The objectives of the Water 
Research Commission 

In terms of section 2(3) of the Water Research Act 1971 (Act No 34 of 1971) the objectives of 
the Commission are "to co-ordinate, to promote, to encourage or to cause to be undertaken, as 
determined by the Minister specifically or in broad outline, research in respect of 
Q the occurrence, preservation, conservation, utilization, control, supply, distribution, purifi

cation, pollution or reclamation of water supplies and water; 
Q the use of water for 

□ agricultural purposes; 
□ industrial purposes; or 
□ urban purposes". 

Section 3(1) of the above-mentioned Act describes the functions of the Commission and 
stipulates inter alia that the Commission shall "accumulate, assimilate and disseminate knowl
edge in regard to the results of such research and the application thereof, and promote 
development work for the puipose of such application". 
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THE YEAR UNDER REVIEW 

ATER research covers a 
particularly extensive field 

as is evidenced by the fol
lowing list of research areas 

supported by the Water 
Research Commission (WRC): 
Q Hydrometeorology 
Q Rainfall stimulation 
Q Surface hydrology 
Q Ground water 
□ Agricultural water utilisation 
Q Water pollution 
□ Municipal waste water 
Q Industrial water and waste water 
□ Drinking water 
Q Treatment technology 
Q Socio-economic studies 
Because of the wide field it encompasses, 
water research is pre-eminently a multi-
disciplinary activity and therefore the WRC 
funds research at a large number of organ
isations. In 1989 the WRC supported 115 
projects in terms of research agreements, 
with the following organisational distribu
tion (occasionally more than one organisa
tion is involved with a particular project): 
University departments 60 
The CSIR 39 
Consulting engineers 9 
Government departments 6 
City councils 8 
Companies 18 

140 

In addition to the direct funding of the 
research projects, the WRC also supports 
three research support services. These 
services are directed at increasing the pro
ductivity and efficiency of water research 

3,45% 

4,41 % 

,25% 

1 1,7 I % 
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Allocation of funds (%) to the various areas during 1989 

and at providing the water industry with 
easy access to research knowledge and dif
ferent types of data. These services are the 
following: 

Q The SA Water Information Centre 
(SAWIC) 

Q The Computing Centre for Water Re
search (CCWR) 

□ The Hydrological Information System 
(HIS): In this case the WRC also makes 
a significant contribution to the devel
opment and extension of this system 
which is operated by the Department of 
Water Affairs. 

WRC REC01STITUTID 

Under the Water Research Act (Act No 34 
of 1971) nine Commission members are 
appointed as follows: 

The Director-General of Water Affairs (ex 
officio) 
The Executive Director of the WRC (ex 
officio) 
Seven other members who are appointed 
by the Minister of Water Affairs by virtue 
of their expertise in some or other aspect of 
WRC activities. 
The Minister nominates one of the ap
pointed members as part-time chairman of 
the WRC. Additional members can be co-
opted as required. Traditionally appoint
ments are tenable for a three-year term. 
The term of service of the appointed members 
ended on 31 July 1989. The Honourable 
AJ Raubenheimer (DMS), Dr AJ Heyns, 
Dr WL van Wyk and Mr M Erasmus (co-
opted member) were reappointed, while 
the following members retired: Dr JP Kriel, 
Mr JG du Plessis, Dr CF Garbers, 
Prof DJ Schoeman and Dr N Stutterheim 
(co-opted member). 
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The following four new members were 
appointed: 
Dr L Alberts - Chairman: Board of the 
CSIR and former director-general of Min
eral and Energy Affairs 
Mr EJ Hall - Member: Council for the 
Environment, and former city engineer of 
Johannesburg 
Mr DH Marx - Chairman: Magalies Water 
Board and former city engineer of Pretoria 
Professor PD Tyson - Vice-Principal: 
University of the Witwatersrand. 
Mr Raubenheimer was appointed chair
man in the place of Dr Kriel. 
Dr Kriel has been serving as a member of 
the Commission since its inception in 1971. 
During this period he served inter alia as 
vice-chairman, chairman and chief execu
tive officer of the WRC. His contribution 
towards the establishment and realisation 
of the WRC and its activities has been 
invaluable and the WRC would like to 
express its appreciation to Dr Kriel. 
Mr GCD Claassens, director-general of 
Water Affairs has been reappointed as vice-
chairman. 

COMPUTER PROGRAM FOR 
DRY COOLING 

In order to generate one kW.h of electrical 
energy in South Africa, 1,6 to 2,11 of water 
are evaporated. The installation of dry-
cooling towers practically eliminates these 
losses. The dry-cooling towers which are 
being constructed in South Africa at pres
ent are more than ten times larger than any 
other existing similar installation. During 
the planning stages it is imperative that the 
capacity of such expensive plants be esti
mated accurately. 
A number of years ago an extensive re
search programme was launched by the 
WRC in collaboration with Eskom and the 
University of Stellenbosch. An experi
mental and numeric study was undertaken 
with a view to developing a computer 
program by means of which the perform
ance characteristics of dry-cooling towers 
could be predicted accurately. This pro
gram is being extended at present to make 
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provision for combinations of dry and wet-
cooling towers. 
Three dry-cooled power stations are cur
rently being constructed in South Africa. 
Each of these power stations namely Ma-
timba, Kendal and Majuba, will eventually 
contribute 4 000 MW electrical power to 
the national grid. 
The outstanding quality of the computer 
program was confirmed recently when 
predictions were made regarding the per
formance of the first cooling tower at the 
Kendal Power Station. Upon completion 
of acceptance tests it was found that the 
tower achieved the predicted cooling within 
a fraction of a percentage point. Different 
kinds of cooling towers can be evaluated 
by means of this program and it can also 
take cognisance of the influence of atmos
pheric phenomena such as temperature, 
pressure, moisture distribution, wind and 
inversion. Thus the power station's output, 
for a given weather pattern, can be pre
dicted for a year. 

HYDROLOGICAL 
INFORMATION SYSTEM (HIS) 
REACHES A MILESTONE 

Over the past five years the Department of 
Water Affairs has been developing the 
Hydrological Information System (HIS), 
with the financial support of the WRC. 
The development of a user-orientated in
formation system is a never-ending task. 
However, the HIS has reached a stage this 
year where the process of using, learning 
and improving can be started in earnest. 
The software of the system, including the 
major user manuals, has largely been com
pleted; the Computing Centre for Water 
Research and many other users are now 
directly linked via GO VNET, and PC-based 
abstractions can now be performed. 
The digitising and storage of all historic 
river flow height measurements have been 
completed and, although many problems 
still need to be solved the HIS is ready to 
provide a much needed service. It will 
create previously unknown opportunities 
for decision-makers, researchers, consult
ants and other potential users. 

SOUTH AFRICAN HYDRO-
LOGICAL MODELLING SYSTEM 
FINDS WIDE APPLICATION 

The Department of Agricultural Engineer
ing of the University of Natal has devel
oped the modelling system ACRU which is 
a unique computerised synthesis of typical 
South African hydrology and agrohydrol-
ogy aimed at practical application in water 
management and planning. 
As a result of the multipurpose structure of 
the ACRU modelling system, it has been 
applied widely in southern Africa and else
where in a number of collaborative proj
ects. In the Winterton area of Natal, for 

example, ACRU has been used in reconcil
ing irrigation water demand and supply be
tween three irrigation boards "competing" 
for a finite amount of available surface 
water, while the Development Bank of 
Southern Africa has utilised the model, in 
GIS form, to assess runoff production and 
the viability of irrigation projects in QwaQwa. 
In collaboration with the Soil and Irrigation 
Research Institute detailed statistics for 
over 2 100 zones in South Africa were 
produced as a basis for maps of primary 
productivity, this being a contribution 
towards the National Food Planning Strat
egy-
Unique hydrological responses associated 
with the cracking soils and transmission 
losses of the Springbok Flats have been 
simulated by means of ACRU in a project 
carried out in collaboration with the De-



partment of Water Affairs and a firm of 
consultants, while the model is applied 
frequently in decisions regarding affores
tation potential and the impacts this may 
have on downstream water resources. 
In Botswana the model has been applied to 
drainage design decisions in urban devel
opment on deep Kalahari sands while a 
joint project with the Universidad Catolica 
in Santiago has used ACRU to assess land 
use change impacts on water resources in 
Central Chile. 

PRECIPITATION STATISTICS 

The mammoth task of revising available 
information on the temporal and spatial 
distribution of rainfall statistics in southern 
Africa was started in July 1982 by the 
Department of Agricultural Engineering at 
the University of Natal. The final report 
was published in 1989 together with a 
series of 1:250 000 isohyetal maps of mean 
annual precipitation. 

Prior to this revision, the basic source of 
information had been the series of 1:250 000 
maps of average annual rainfall compiled 
in 1965 by the Department of Water Af
fairs from data obtained by the South Afri
can Weather Bureau. Since then, the coun
try's data base had both lengthened con
siderably and been enriched by data from 
sources other than the Weather Bureau. 
Furthermore, the use of sophisticated analy
sis and interpolation techniques became 
possible through greatly enhanced com
puter power. Other products of the re
search included the mapping of mean 
monthly rainfall at 1:1 000 000 and the 
delineation and mapping of 712 regions of 
homogeneous precipitation distribution in 
southern Africa. Furthermore, in foresee
ing the need for further computer manipu
lation of spatial rainfall data by a large 
proportion of users, the researchers have 
arranged to make statistics available in 
digital form, through the Computing Centre 
for Water Research at a spatial resolution 
of one minute of a degree latitude and 
longitude. 

The need which existed for revising the 
precipitation statistics has been amply re

flected in the exceptional demand for both 
the reports and maps during the first few 
months of availability. 

USER-FRIENDLY DATA BASE 
FOR GROUND-WATER 
MANAGEMENT 

During the development of the National 
Ground-water Data Base facility, the Insti
tute for Ground-water Studies at the Uni
versity of the Orange Free State perceived 
a need to develop a ground-water data base 
for the personal computer. This was essen

tially to cater for those who did not have 
direct access to the mainframe computer at 
the Department of Water Affairs which 
houses the national facility. Out of this the 
commercial package G-Base was born, 
which has attracted wide interest and usage 
in South Africa. 
G-Base, which formed the basis for the 
current WRC - funded project on the en
hancement of the National Ground-water 
Data Base, has evolved into HydroCom, a 
comprehensive user-friendly software 
package incorporating both an advanced 
data management and powerful CAD sys
tem. This package, which is now being 
marketed internationally, not only provides 
the geohydrologist, engineer and environ
mentalist with a powerful facility for data 
analysis and presentation, but provides an 
essential link with the National Data Base. 

BIOLOGICAL PHOSPHATE 
REM0¥AL 

Since the phosphate content of treated sewage 
effluents still makes the most significant 
contribution to enrichment (eutrophication) 
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An example of the new primary settling 
tanks which have been commissioned at 
the Bushkoppies Sewage Works. 



of the receiving rivers and dams, research 
to improve phosphate removal is continu
ing unabatedly. 
The results of the research, which was 
completed at the end of 1988 by the City 
Council of Johannesburg, are already being 
applied in practice. At the Council's 
Bushkoppies Sewage Works new primary 
settling tanks which had been designed 
specifically to handle higher loads of settled 
sludge were commissioned in November. 
Research indicated that controlled fermen
tation of primary settled sludge produces 
fatty acids which improve the phosphate 
removal in the biological reactor. Similar 
modifications are being made at the Johan
nesburg Northern Sewage Works although 
the primary settled sludge is fermented in 
separate new thickening tanks in order to 
reclaim the fatty acids for phosphate re
moval. 

NEW INSTRUMENT 
DE¥EL0PED 

Sludge bulking is a phenomenon which 
often occurs at sewage works which make 
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use of the activated sludge process. This 
causes the sludge in the final settling tank 
to settle poorly so that some of it is carried 
over in the final effluent. This not only 
causes a pollution problem but also lowers 
the efficacy of the purification process. 
At the Department of Civil Engineering at 
the University of Cape Town studies are 
being undertaken which are aimed specifi
cally at preventing sludge bulking, by vary
ing certain process parameters and combi
nations. During this research a unique, 
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ProfD Strauch (left), an authority on 
sewage sludge management in Europe, 
with Mr G Offringa, a research 
manager at the WRC, at the WISA 
Conference in Cape Town. 

automated and computerised instrument 
was developed which measures the rate of 
oxygen uptake in the activated sludge 
process on a continuous basis. This should 
be of considerable advantage for the con
trol of the process and has already been 
patented with a view to its commercialisation. 

OVERSEAS CONSULTANT ON 
SLUDGE MANAGEMENT 
Professor D Strauch of the University of 
Hohenheim, Stuttgart, West Germany, 
visited South Africa at the invitation of the 
WRC from 9 to 29 March 1989. Professor 
Strauch is an authority on sewage sludge 
management, serving on a number of sewage 
sludge management committees in Europe. 
The purpose of his visit was to advise the 
WRC on improving sludge management 
practices and to assist in directing research 
in this field. Professor Strauch visited a 
number of sludge management plants in 
South Africa and presented the WRC with 
an extensive report, including details of 
current sewage sludge management prac
tices in Europe, as well as a full report and 
recommendations on sewage sludge man
agement in South Africa. 
Professor Strauch also attended the First 
Biennial Conference of the Water Institute 
of Southern Africa in Cape Town from 28 
to 30 March 1989, and read a paper entitled 
The Present Situation of Sewage Sludge 
Utilisation in Europe. 

RATI0NAL1SAT101 OF 
RAINFALL STIMULATION 
RESEARCH 

During the year steps were initiated to 
rationalise and integrate the two rainfall 
stimulation research projects in South Africa 
viz. the Programme for Atmospheric Wa
ter Supply, funded by the WRC, which had 
been confined to the eastern Transvaal 
lowveld and escarpment areas around 
Nelspruit and Carolina; and the Bethlehem 
Precipitation Research Project, funded by 
the Weather Bureau with contributions from 
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the WRC, which had been active in the 
north-eastern OFS around Bethlehem. 
A rationalisation committee, consisting of 
representatives of the Department of Envi
ronment Affairs (WeatherBureau included), 
the Department of Water Affairs, the WRC, 
the CSIR and the Commission for Admini
stration met in April. It recognised the 
importance of an already scheduled review 
workshop on rainfall enhancement research 
in South Africa as a source of guidelines 
for structuring a national research pro
gramme. This workshop, held in August, 
was attended by project leaders and re
searchers, overseas specialists acting as 
independent assessors, and several persons 
responsible for decision-making and pol
icy matters concerning rainfall stimulation 
research. 
As a result of recommendations put for
ward by the workshop, unification of the 
two projects is due to take place at the 
beginning of 1990. The resulting research 
programme, to be led by a senior scientist 
of the Weather Bureau, will incorporate 
certain changes of emphasis which the 
workshop identified as being necessary to 
expedite progress. 

UNIQUE LOCALLY DESIGNED 
ULTRAFILTRATION SYSTEM: 
MEMTUF 

Membratek, a division of Bintech (Pty) 
Ltd, has developed a low-cost ultrafiltra-
tion system with the assistance of the WRC. 
The main incentives for the development 
of the MEMTUF system were to: 
□ develop and manufacture locally an ul-

trafiltration system of which the capital 
and operating costs were comparable to 
those of conventional fine filtration; 

Q expand the use of ultrafiltration to ap
plications which previously could not 
sustain the cost of ultrafiltration; 

□ combine ultrafiltration with other puri
fication processes in order to achieve 
synergism. 

The MEMTUF system was successfully 
industrialised and offers unique membrane 

technology to solve complex filtration 
problems in the South African industry. 

DEVELOPMENT OF 
DESALINATION MEMBRANES 

The application of reverse osmosis for the 
treatment of industrial effluents with a 
high salt content, and for the production of 
freshwater from brackish water is becom

ing increasingly important in the South 
African context. Reverse osmosis is a 
pressure-driven membrane process in 
which freshwater moves through the 
membrane while salts are retained. 
The Institute for Polymer Science at the 
University of Stellenbosch has already 
had considerable success with the devel
opment of membranes which can compete 
successfully with imported membranes. 
Cellulose acetate membranes have already 
for a considerable time been manufac
tured and marketed successfully by the 
firm Bintech. 

New improved membranes have since been 
developed: thin-film membranes which 
render higher salt rejection and water per
meability at lower pressure than cellulose 
acetate membranes; thin-film composite 
membranes for special applications; and 
nanofiltration membranes, i.e. membranes 
which reject divalent ions selectively but 
which let through monovalent ions, which 

function at a pressure considerably lower 
than 1 000 kPa. 
Evaluation of the new membranes for the 
treatment of various types of water and 
effluent is now in progress. 

FOCUS ON PLANT ROOT ZONE 
The theory and application of a mathemati
cal model describing the dynamic reac
tions of nitrogen fertilisers, pesticides and 
inorganic salts in the root zone of soil, were 
discussed during a week-long workshop 
held in Pietermaritzburg from 16 to 20 
January 1989 in collaboration with the 
Computing Centre for Water Research. 

The course was led by Professor RJ Wagenet, 
head, and Dr JL Hutson, a senior researcher 
of the Agronomy Department of Cornell 
University, USA, both of whom are world-
renowned leaders in the field. About equal 
time was devoted to the transfer of the 
theoretical basis of the model, its pos
sibilities and restrictions, as to the gaining 
of practical experience in the use of the 
model with test data, as well participants' 
own data. 
About 40 participants from all over South 
Africa attended the workshop, represent
ing a variety of disciplines, inter alia soil 
scientists, agricultural engineers, geohy-
drologists, agronomists and botanists. 

AGRICULTURAL USE OF 
SEWAGE SLUDGE 

In addition to certain soil-conditioning 
properties, sewage sludges also contain 
significant quantities of the major plant 
nutrients such as nitrogen and phosphorus, 
as well as other minor nutrients such as 
calcium, magnesium and other trace ele
ments. 
Sludges destined for agricultural use should 
not only be properly disinfected to remove 
pathogens, but should also be monitored 
for the presence of inorganic contaminants 
which may have adverse effects on crops or 
in the subsequent food chain. 
Recently the CSIR's Division of Water 
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Technology completed an extensive inves
tigation relating to the inorganic chemical 
characterisation of South African munici
pal sewage sludges. Over a period of a year 
samples of sludge were collected from 77 
sewage works and analysed for their inor
ganic chemical nutrient and possibly con
taminant concentrations. 
The results of this study were used to draw 
up a set of suggested guidelines to assist in 
determining the suitability of various 
municipal sludges for use in agriculture 
and horticulture in the RSA. 
The report recommended to the WRC that 
a committee be set up representing relevant 
organisations to evaluate these guidelines 
in order to prepare maximum limits for the 
concentration of inorganic contaminants 
in sludges for application to agricultural 
land. 

"PROFILE-AWAILABLEWATER 
CAPACITY" AS IRRIGATION 
MANAGEMENT A10 

The concept of "Profile-available Water 
Capacity" (PAWC) was developed and 
defined by former researchers of the De
partment of Soil Science at the University 
of Fort Hare. Facets of it were the main 
topic of three research projects over the 
period 1976 to 1988 which were carried out 
by this department with the financial sup
port of the WRC. 
This indication of the amount of water 
which a specific soil profile can make 
available to vegetation is not only depend
ant on the relevant soil type, but also on the 
root development pattern of the relevant 
crop as well as the climate in which the 
crop will be cultivated. This therefore 
implies that, though the value of the con
cept has been proven in practice, extensive 
experimental determinations are required 
to provide planners and irrigation manag
ers with the necessary information. This 
cumbersome procedure has to a large ex
tent been done away with through mathe
matical modelling. Presently therefore the 
concept forms the corner-stone of an ex
ceptionally successful and practical irriga
tion scheduling approach developed by the 

Department of Soil Science at the Univer
sity of the OFS. By entering into a new 
agreement with the Department of Soil 
Science at the University of Pretoria also to 
research the upper boundary layer of plant-
available water, the research on this con
cept will be completed and refined. 

MANAGEMENT OF WATER 
NETWORKS 

Research into municipal water supply and 
distribution networks has been conducted 
over the past decade under the auspices of 
the WRC. This has led to an increased 
awareness of the need for an upgraded 
management approach to water supply 
systems by integrating all the various 
components into a dynamic system. Pump
ing rates, pressures, storage location, ele
vation and capacity, trunk main sizing and 
velocities, potential for expansion, leak
age, etc. are all aspects which need to be 
considered simultaneously when faced with 
decision-making alternatives. 
Through contact with local authorities 
concerning the work they are doing and the 
problems they are facing, it became appar
ent that the time was ripe to pool and 
review knowledge and experience. This 
took the form of a joint workshop with the 
Water Institute of Southern Africa (WIS A) 
in Pretoria on August 30,1989. The work
shop titled Management and Analysis of 
Municipal Water Supply, included papers 
on computer-aided design, data capture, 
analysis and management, and the applica
tion of network models. The audience 

comprised about 120 delegates from all 
over southern Africa, and the workshop 
was successful to the extent that a decision 
was taken to establish the Technical Divi
sion: Distribution Networks under the 
auspices of WIS A. 

EXPERT ON WATER 
NETWORKS IN SOUTH AFRICA 

Professor Johannes Gessler, associate 
department head in the Department of Civil 
Engineering at Colorado State University, 
Fort Collins, USA, is visiting South Africa 
on sabbatical leave and has accepted a 
lecturing post at Natal University for the 
second half of 1989. 
As part of his agreement with the Commis
sion, he spent some time with local authori
ties in South Africa which included two 
weeks with the Johannesburg City Engi
neer's Department and brief visits to the 
Pretoria, Port Elizabeth and Durban City 
Engineers' Departments where he was able 
to make practical suggestions regarding 
the use of computers in network design and 
management, based on his years of experi
ence both in the USA and elsewhere in the 
world. 
While in Durban he also accompanied 
engineers from the Stormwater Drainage 
Section to advise them on the problems of 
failures of canal embankments experienced 
in the area. The Natal Parks Board hosted 
Professor Gessler at the Richards Bay and 
St Lucia sanctuaries where he was able to 
advise them on sediment and other man
agement practices affecting the areas. 
Professor Gessler also acted as the keynote 
speaker at the workshop reported on in the 
previous section. 

TRIHALOMETHANES IN 
WATER 

In spite of the considerable advantages of 
disinfecting drinking water with chlorine, 
certain compounds such as trihalomethanes 
(THM) still form and have in the past few 
years created great interest. The reason for 
this is that some of these THMs at high 
concentrations have a carcinogenic effect 

12 



%i#^ 

Prof Johannes Gessler of the 
Colorado State University (right) in 
conversation with one of the 
delegates at the WISA workshop in 
Pretoria. 

on certain animal types. Although these 
compounds can appear in drinking water in 
minute quantities and will most probably 
not have a detrimental effect on the health 
of man, it is not clear what their exact 
influence will be on humans after a lifetime 
of intake. 
In a research project recently completed by 
the Division of Water Technology of the 
CSIR on behalf of the WRC, drinking-
water samples were collected country-wide 
over a two-year period and analysed for 
THM concentration and factors affecting 
the formation of THMs. The average THM 
concentration of the drinking-water samples 
over this period was 45 \ig/£. On the whole 
the results were reassuring when compared 
for example to the United States Environ
mental Protection Agency limit of 100 
\iglt 

will be fully committed by the year 2007. 
Thereafter the reclamation of purified sewage 
effluent to augment supplies is a distinct 
possibility. Therefore, an epidemiological 
survey was launched in the area by the 
Department of Community Health of the 
University of Cape Town, to establish early 
baseline data. This was done by establish
ing a data bank consisting primarily of in
formation on mortality rates, morbidity as 
seen by general practitioners and birth 
defects. 
In addition to the extensive data base of the 
prevailing health patterns in the Cape Town 
area which has now been established, valu
able methodologies for conducting epi-

EPIIEMlOLiGiCAL SUiWEll-
LA1CE RELATED TO CHA1G-
1NG DRINKING- WATER 
QUALITY 

It is estimated that known freshwater sup
plies for the Cape Town metropolitan area 
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demiological surveys have been developed. 
In fact, the birth defect surveillance pro
gramme which originated with the project 
has now been taken over by the Depart
ment of National Health and has formed 
the basis for the Department's national birth 
defect surveillance system. The Depart
ment also hopes to institute a mortality 
surveillance system in the nearfuture, based 
on the pioneering work done by the univer
sity. 
This research will provide the basis and 
model for future comparative health stu
dies in other geographic areas. 

PROTEIN FROM WASTE 
WATER 

The Chair of Water Utilisation Engineer
ing of the University of Pretoria has de
vised a unique method to purify problem 
effluents while simultaneously creating a 
protein source. 
The process which has already been pat
ented, consists of the culture of a virtually 
pure culture of a fungus Geotrichum can-
didum by making use of a crossflow micro-
screen and a pH shock technique. This 
fungus is also more resistant to shocks 
resulting from variations in effluent qual
ity than the average bacteria and it has been 
found to be very successful in treating 
industrial effluents containing contaminants 
which are not easily degradable. Further 
utilisation of the fungus for the reclamation 
of protein, fats and fine chemicals, with 
simultaneous purification of effluents, is 
being investigated on laboratory and pilot 
scale. 

LAROE SAVINGS FOR TEXTILE 
INDUSTRY 

The textile industry is traditionally a 'prob
lem industry' as regards water and waste-
water management, and from as far back as 
1974 the WRC has already been financing 
research in this regard at the Pollution 
Research Group (PRG) at the University of 
Natal. This group is housed in the Depart
ment of Chemical Engineering. 

The results of the research and the exper
tise emanating from it have already led to a 
considerable reduction in water use and in 
pollution output, with concomitant finan
cial benefits as illustrated by the following 
cases: 
Case 1: 
Savings in the use of chemicals, colorants, 
energy and water amount to more than 
R230 000 a year. The effluent quality was 
considerably improved. 
Case 2: 
The water intake was reduced from 30 
k£/h to 6 k£/h - a saving of 80%. 
Case 3: 
Rationalisation in the use of sodium hy
droxide led to a saving of about R2 million 
a year. 
Case 4: 
Condensate was reclaimed to the tune of 
R80 000 a year. 
Case 5: 
Savings were effected in the use of water, 
sodium hydroxide and power to the value 
ofR950 000ayear. 

Case 6: 
Savings were brought about in the use of 
sodium hydroxide to the tune of Rl,5 
million a year. 
Case 7: 
By applying the data contained in one of 
the manuals developed by the PRG for the 

WRC, extensions were made to a spinning 
and weaving mill designed specifically for 
a water consumption of 30 (?/kg - one-third 
of that of a conventional mill. 
Case 8: 
A 40% saving in water consumption was 
effected. 
Case 9: 
Savings in colorants to the amount of 
R300 000 a year and a considerable im
provement in effluent quality were effected. 
Case 10: 
A reduction Of about 45% in water intake 
with a corresponding reduction in effluent 
volume, with a saving of R800 000 a year 
were effected. 

COMPUTING CENTRE FOR 
WATER RESEARCH EXPANDS 
SERVICES 

A number of milestones were again achieved 
in 1989 by the Computing Centre for Water 
Research (CCWR). Established in 1986 
by the WRC, IBM (SA) (Pty) Ltd (now 
ISM (Pty) Ltd) and the University of Natal, 
the CCWR has this year continued to pro
mote usage through the various national 
networks. The Universities of the Witwa-
tersrand, Potchefstroom and Pretoria and 
the Rand Afrikaans University are now 
able to access the CCWR through UNINET. 
Several users now access CCWR regularly 
through dial-up to CSIRNET in Pretoria 
and Stellenbosch and MUNET (Natal 
University Network) in Pietermaritzburg 
and Durban. 

Two introductory courses for consultants 
were held, one in Pretoria and the other in 
Pietermaritzburg, each attended by 12 par
ticipants. A number of consultants imme
diately recognised the potential of the CCWR 
and signed up as users. Accessibility to the 
Hydrological Information System (Depart
ment of Water Affairs) through GOVNET 
will encourage greater participation by 
consultants in the future. The CCWR in 
collaboration with the WRC, hosted a work
shop on modelling root zone and chemical 
budgets in 1989. This was attended by over 
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40 participants and served to promote the 
concept of the CCWR amongst the hydro-
logical community. The fact that 15 224 
file transfers have taken place since its in
ception bears testimony to its vital and 
soon indispensable role amongst water re
searchers and consultants alike. 

RESEARCH NEEDS AND 
PRIORITIES 

The WRC has over the years taken various 
initiatives to determine research needs and 
priorities within specified water research 
fields. Such priorities, however, need to be 
brought up to date from time to time in 
view of changing circumstances and new 
needs. 
During the year under review workshops 
were organised amongst others and other 
actions were taken to evaluate the research 
needs and priorities in the following areas: 

Q ground water 
Q salinisation 
□ water quality and health aspects, and 
□ municipal effluents. 
In each of the actions input has been ob
tained from the country's foremost experts 
in the relevant field of research and its 
application. 

HONORARY AWARDS TO 
COMMISSION MEMBERS 

Special honorary awards were made to 
three Commission members in 1989: 
DrJP Kriel: 
State President's Order for Meritorious 
Service, Class 1: Gold; Gold Medal of the 
SA Institute of Civil Engineers for excep
tional service to the Institute and the civil 
engineering profession. 
Dr N Stutterheim: 
Award of the Federation of Associations 

of Professional Engineers for service to 
the engineering profession. 
Dr CF Garbers: 
State President's Order for Meritorious 
Service, Class 1: Gold. 

LIAISON WITH USER 
ORGANISATIONS 

Various actions were taken during the year 
to obtain closer co-operation with water 
boards and the SA Agricultural Union 
(SAAU). 
The Executive Director and senior person
nel visited Umgeni Water, the OFS Gold-
fields Water Board and the Western Trans
vaal Regional Water Company, while the 
Executive Director and the Chairman, Dr 
JP Kriel, informed the Rand Water Board 
of the WRC's activities. Liaison with the 
water boards will undoubtedly be furthered 
now that Mr DH Marx, the chairman of the 
Magalies Water Board and vice-chairman 
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of the Committee of Water Boards, has 
been appointed a member of the Commis
sion. 
The Irrigation and Water Affairs Commit
tee of the S AAU by invitation held one of 
its scheduled meetings at the WRC during 
which officials of the WRC informed the 
Committee of the Commission's agricul
tural-related activities. A representative of 
the SAAU was also involved in the WRC's 
Co-ordinating Committee for Irrigation 
Research. 

WATER REQUIRE1E1TS OF 
THE KRUGER NATIONAL PARK 

In Management of the Water Resources of 
the Republic of South Africa, published by 
the Department of Water Affairs in 1986, 
the major water demand of estuaries, lakes, 
wetlands, riverine habitats and conserved 
areas is identified for environmental man
agement. The Department estimates that 

LEFT: The Sabie River in the Kruger 
National Park. 

about 13% of the country's total water 
demand in the year 2000 will be required 
for this purpose. This estimate is a first 
approximation and extensive research is 
necessary to arrive at a more accurate fig
ure. 
The Kruger National Park (KNP), proba

bly the country's most important ecosys
tem, is already under considerable stress as 
far as the quantity and quality of its water 
supply is concerned. It therefore presents 
an ideal study area in which to develop and 
test methodologies for estimating ecologi
cal water requirements. 
A small group of specialists compiled a 
document incorporating proposals for an 
integrated and co-operative research pro
gramme to assess the water requirements 
of the KNP. The document was considered 
and the proposals were unanimously sup
ported by a Policy Committee under the 
chairmanship of the National Parks Board 
and with representation from the Depart
ment of Water Affairs, the Department of 
Environment Affairs, the CSIR and the 
WRC. 
Dr PCM Reid, research manager at the 
WRC, has been appointed programme 
manager for the integrated programme. 
The WRC will commence funding of a 
number of projects contributing to the overall 
programme in 1990. 
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ciently strong and stable and are supported 
by an understanding of underlying physi
cal mechanisms. The aims of this three-
year project, being carried out by the 
Department of Oceanography of the Uni
versity of Cape Town, are to identify spe
cific areas in the summer rainfall region 
where links between rainfall and ocean 
surface temperature patterns are strongest; 
to develop methods for near real time 
monitoring of sea surface temperatures in 
key ocean areas; and to develop and test 
appropriate statistical models for describ
ing summer rainfall variability in terms of 
sea surface temperatures and other vari
ables. 

Lid ■ Ur SiE&EAlilsrS 
PROJECTS 

COMPLETED PROJECT 

Q Research on the revision of the tempo
ral and spatial distribution of precipita
tion statistics in southern Africa (The 
University of Natal - Department of 
Agricultural Engineering) 

CURRENT PROJECTS 

□ Research on the development of a sto
chastic daily climate model for South 
African conditions (The University of 
Cape Town - Department of Mathe
matical Statistics) 

Q Research on the reconstruction of the 
climatic history of the last 2 000 years 
in the summer rainfall regions of south
ern Africa (The South African Museum) 

□ Research on precipitation and airflow 
in cumulus clouds (The CSIR - Divi
sion of Earth, Marine and Atmospheric 
Science and Technology (EMATEK)) 

NEW PROJECTS 

Q Research on relationships between 
lightning and precipitation (The CSIR 
- Division of Earth, Marine and Atmos
pheric Science and Technology 
(EMATEK)) 

Q Research on the prediction of South Af
rican summer rainfall variability from 
ocean surface temperatures (The Uni
versity of Cape Town - Department of 
Oceanography) 
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RAINFALL STIMULATION 
AINFALL stimulation re
search, which forms part of the 
broader field of hydrometeor-

ology, merits a separate 
chapter because of the con

centrated support which it has received 
from the WRC, especially over the past 
seven years. This support has consisted of 
total funding of the programme for atmos
pheric water supply (PAWS) and contribu
tions to the funding of the Bethlehem pre
cipitation research project (BPRP). Sup
port for BPRP entered a new phase in 
January 1989 in terms of a new three-year 
research contract between the Weather 
Bureau and the WRC. 

With South Africa facing a steadily in
creasing and potentially crippling demand 
on its limited water resources, no poten
tially viable option of augmenting these 
resources should be left uninvestigated. 
Rainfall stimulation is one of the most 
attractive options, assuming that it may be 
possible to develop methodologies to ex
ploit, at relatively modest cost, some pro
portion of the vast quantity of atmospheric 
water which does not naturally become 
available as rain. 

Research to assess the feasibility of en
hancing rain from convective storms con
tinued to be addressed by PAWS and BPRP 
in two areas of South Africa: the one 
including parts of the eastern Transvaal 
lowveld, escarpment and highveld around 
Nelspruit and Carolina, and the other being 
the north-eastern Orange Free State around 
Bethlehem. The corridor which links these 
two areas may well one day be the prime 
candidate for application of a rainfall stimu
lation technology, since it incorporates the 
head water catchments of the majority of 
South Africa's important rivers. The pres
ent research locations are also well situated 
for studying the whole spectrum of cloud 
conditions and precipitation development 

processes likely to be encountered along 
this hydrologically important corridor. 

Much has been learnt from the research to 
date. Certain essential measuring tech
niques for use with research aircraft have 
been developed and refined. Cloud clima
tologies based on radar observations have 
been compiled and a large number of storms 
characterised in detail with respect to 
dynamic behaviour and microphysical 
properties. Formal exploratory randomised 
seeding experiments, conducted over sev
eral seasons, have indicated that seeding is 
likely to modify cloud properties in a 
manner consistent with an increase in rain
fall. The research has not reached the stage 
of providing confirmation that cloud seed
ing will, in fact, significantly enhance rain
fall on the ground. Funding of research on Rainfall 

Stimulation expressed as a 
percentage of total WRC research 
expenditure (1980 to 1989). 

Funding of research on Rainfall Stimulation 
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A hexagonal plate ice crystal 
captured on an oil-coated slide at 
- 10° C in the cloud 
(Courtesy ofRT Bruintjes) 

REVIEW WORKSHOP ON 
RAINFALL STIMULATION 
RESEARCH 

Research contracts in terms of which the 
programme for atmospheric water supply 
(PAWS) was undertaken with WRC fund
ing in the eastern Transvaal, terminated at 
the end of 1989. Shortly before termina
tion and partly because of it, a national 
review workshop was held to assess prog
ress of both PAWS and the Weather Bu
reau's Bethlehem precipitation research 
project (BPRP) and to plan the continu
ation of rainfall stimulation research in 
South Africa. The workshop, held in August 
1989, concluded that in order to maintain a 
satisfactory rate of progress, unification of 

■ * ; . 

the two projects and a change of approach 
to the research had become necessary. 
The change in research approach was indi
cated by the fact that the randomised seed
ing experiments in their existing form would 
not necessarily produce results which in 
the near future could be considered conclu
sive beyond dispute. Some seasons need to 
be spent in researching the physical proc
esses which give rise to precipitation in 
multicellular storms occurring in different 
synoptic and mesoscale conditions, and 
how these processes respond to human 
intervention. The new approach will, in all 
probability, ultimately shorten the period 
required to establish conclusively whether 
a beneficial rainfall stimulation technol
ogy is feasible or not. Unification of the 
research was considered necessary because 

the individual resources of the PAWS and 
BPRP research teams were inadequate to 
enable them to tackle the new approach on 
a separate basis. 

CONSULTANTS 

Having access to unbiased expert opinion 
is of great value during a major review such 
as the one described above. In order to 
obtain such input, the following four lead
ing cloud physicists from the USA were 
invited to serve as consultants at the work
shop: 
Dr Terry Clark of the National Center for 
Atmospheric Research (NCAR), Boulder, 
Colorado - Numerical cloud modelling; 
Dr W Al Cooper of NCAR - Airborne 
instrumentation and in-cloud precipitation 
processes and microphysics; 
Dr G Brant Foote of NCAR - Storm struc
ture and general cloud physics; and 
Dr Paul L Smith of South Dakota School of 
Mines and Technology - Radar studies of 
cloud and mesoscale phenomena. 
The active participation of these consult
ants contributed greatly to the successful 
achievement of the goals of the review 
workshop. 

LIST OF RESEARCH 
PROJECTS 

CURRENT PROJECTS 

□ Bethlehem precipitation research pro
ject (The Department of Environment 
Affairs - Weather Bureau) 

□ Programme for atmospheric water 
supply (The Company for Research on 
Atmospheric Water Supply (CRAWS), 
subcontracting the Division of Earth, 
Marine and Atmospheric Science and 
Technology (EMATEK) of the CSIR 
and CloudQuest (Pty) Ltd) 
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HE CONFLICTING demands 
on surface water resources are 

reaching crisis proportions in 
places. There is an ever-increas
ing need for synthesising a more 

detailed picture of the availability and usage 
of our surface water resources. Supporting 
the role of water in development, the Co
ordinating Committee for Hydrological Re
search (CCHR) accepted that in a typical 
mix of first and third-world economies of 
southern Africa probably more attention 
could be paid to the research needs of the 
less developed communities. 
Since the Water Research Commission 
initiated research in small catchment hy
drology some 15 years ago there has been 
a gradual change in objectives. The origi
nal objectives were aimed mainly at pro
viding information and mathematical 
models for use in the design of small struc
tures. Although the latter is still a fairly 
problematic subject, mathematical models 
and data currently available meet the re
quirements. For this reason there has been 
a shift in emphasis of WRC-funded hydro-
logical research projects. 
The overall goal of research on surface 
water resources is to aid the optimum 
development and management of these 
resources in southern Africa. The objec
tive therefore is to provide the water re
sources manager with all the required 
hydrological data of any locality in the 
Republic of South Africa. In this regard 
irrigation, afforestation, urbanisation and 
informal settlements all play an important 
role. Consequently an evaluation of the 
effects of alternative development scenar
ios is becoming the main focus point in 
research on hydrology funded by the WRC. 
An investigation of the role that geographic 
information systems can play in this regard 
has also been initiated. 
The gratifying development of project in
tegration which had started in 1988, con
tinued during 1989. The project on the 

Mgeni catchment systems model is an 
example of this development. Not only do 
the various research organisations co-op
erate, but there is also interaction at the 
grass-roots level with the user organisa
tions such as the Umgeni Water Board, the 
Department of Water Affairs and the Insti
tute of National Resources (University of 
Natal). 

IMPACTS OF RAINFALL 
AUGMENTATION 

Assessment planning of the possible im
pact of artificial rainfall augmentation has 
been started. As part of this planning a 
broad spectrum of experts was invited to a 
workshop held on 21 September 1989 in 
Pretoria at the Watko building. The major 
issues in agriculture, forestry and water 
resources resulting from rainfall augmen
tation were addressed. 
The workshop achieved two important 
results. Firstly, it created an opportunity to 

Funding of research on Surface 
Hydrology expressed as a 
percentage of total WRC research 
expenditure (1980 to 1989). 
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bridge the existing communication gaps 
between researchers in cloud physics, 
weather modification, hydrology and plant 
growth modelling. Perceptions and expec
tations of each discipline were brought 
somewhat closer together. Secondly, it 
was agreed that a daily rainfall modifica
tion scenario would be the starting point of 
any impact assessment. 

C01SULT11T 

For a period of two weeks during and after 
the fourth Hydrological Symposium in 
November 1989, the WRC had the op
portunity to consult with Prof DH Pilgrim 
of the School of Civil Engineering, Uni
versity of New South Wales, Australia. 
Prof Pilgrim is an expert on Australian 
rainfall, runoff and flood relationships and 
has made valuable contributions to clarify
ing issues and programmes in the flood 
studies presently undertaken by local re
search organisations and the Department 
of Water Affairs. 

REPORT 0 1 1 COMPLETED 
PROJECT 

Research on applied hydrological 
process and modelling studies 
for the determination of water 
and sediment yield 

In June 1989 this five-year project was 
completed successfully by the University 
of Natal. The project represents almost the 
end of an era, since it concluded the devel
opment of the ACRU modelling system. 
This modelling system can now simulate a 
great variety of hydrological and agrohy-
drological situations such as: 
O assessments of irrigation water needs 

under a variety of water supply sched
ules; 

□ crop yields under both irrigated and dry 
land conditions; 

Q effects of land-use change on run-off; 
and 

Q reservoir yield analyses on small dams. 
The important model components have 
been verified on a limited number of real 
world test cases and it is hoped that the 
model will now enter an era of extensive 
testing in practice because the utility of 
hydrological models can only be proved if 
they stand the test of time in practice. The 
strength of the modelling system lies in the 
fact that it caters for a variety of input data 
options. 

DISCUSSI01 OF 1 NEW 
PROJECT 

Research on hydrological 
systems model development 

In terms of water and catchment manage
ment a hydrological modelling system can 
be seen as the first step in processing the 
large variety and volume of data involved 
in a situation. In most management and 
planning situations one has to work with 
existing, readily available data, but these 
data rarely meet the requirements. In a new 
project to be carried out by the University 
of Natal, the work will concentrate on 
finding ways and means of improving the 
ACRU modelling system mainly with 
regard to interlinking with contemporary 
and future data networks and systems. The 
main objective is to provide input to so
phisticated decision support systems. 
Emphasis will be placed on the develop
ment of relatively fast and user-friendly 
scenario evaluation techniques taking ac
count of spatial and temporal variability in 
water management parameters. The pro
ject will be executed over a period of five 
years. 

LIST OF HESEARCH 
PROJECTS 

COMPLETED PROJECT 

Q Applied hydrological process and mod
elling studies for the determination of 
water and sediment yield (The Univer
sity of Natal - Department of Agricul
tural Engineering) 

CURRENT PftDJECTS 

Q Research on the effects of urbanisation 
on catchment water balance (The Uni
versity of the Witwatersrand - Depart
ment of Civil Engineering, Water Sys
tems Research Programme) 

□ Development of methods to assess the 
impact of agricultural practices on water 
resources in southern Africa (The Uni
versity of Natal - Department of Agri
cultural Engineering) 

□ The investigation of the hydrological 
response to Third-world settlements in 
the peri-urban areas of Natal/Kwazulu 
(The University of Zululand - Depart
ment of Hydrology) 

Q The development of a systems model 
for the Mgeni catchment (The Univer
sity of Natal - Department of Agricul
tural Engineering) 

□ Hydrological modelling studies in the 
eastern Cape (Rhodes University -
Department of Geography) 

□ Development of a model to simulate 
flow in alluvial rivers (A firm of con
sulting engineers: Bruinette, Kruger 
and Stoffberg Inc.) 

NEW PMJICT 

Q Research on hydrological systems 
model development (The University of 
Natal - Department of Agricultural 
Engineering) 
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The evualation of the effects of 
alternative development scenarios is 
becoming the main focus point in our 
h ydrological research. 
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GROUND WATER 

N 1981 a master plan for geohy-
drological research was formu
lated by the Water Research Com
mission in collaboration with the 
Department of Water Affairs. It 

was decided at the time that the research 
fields covered in the master plan, and the 
priorities associated with them, would be 
revised on a regular basis to ensure that the 
research and development programmes are 
progressively adjusted to meet the imme
diate and future needs. 
During the past eight years a number of 
ground-water projects have been completed 
and the priorities associated with research 
fields have changed somewhat. Conse
quently a decision was taken by the Co
ordinating Committee for Geohydrologi-
cal Research (CCGR) that the master plan 
be revised and for this purpose a workshop 
took place during the latter part of Novem
ber 1989. 
Prof David McWhorter of the Engineering 
Research Centre, Colorado State Univer
sity, visited the RSA during 1989 and was 
contracted by the WRC to assist in the 
planning of an investigation into the dete
rioration of ground-water quality in the 
Olifants River catchment above Loskop 
Dam. Prof McWhorter is an authority on 
water quality changes related to coal min
ing activities and seepage from tailings 
impoundments, and was therefore able to 
make valuable inputs into the develop
ment of the above-mentioned research 
proposal. 
During 1989 the Commission supported 
12 ground-waterresearch projects, of which 
five commenced during the year. 

Funding of research on Ground 
Water expressed as a percentage of 

total WRC research expenditure 
(1980 to 1989). 

DISCUSSION OF 1EW 
PROJECTS 

An investigation of the potential 
use of NOAA satellite remotely 
sensed data for identification of 
regional-scale fracture zones for 
ground-water supply purposes in 
southern Africa 

Ground water is often the most cost-effec
tive source of water in rural, semi-arid 
areas. However, approximately 60 per 
cent of southern Africa is covered by Ka
roo formations which characteristically 
exhibit poor yield potential for domestic 
and municipal water supply. The majority 
of high yielding aquifers in the Karoo and 
various other geological formations 
throughout southern Africa are associated 
with fracture zones. It is, therefore, neces
sary to identify and evaluate fracture zones 

on a regional scale in order to optimise the 
utilisation of ground-water resources with 
respect to location, quantity and cost. 
With remote sensing techniques it is pos
sible to obtain structural and lithological 
information more efficiently and cost-ef
fectively for large areas than can be achieved 
on the ground. The potential of these 
techniques forthe identification of regional-
scale fracture zones is to be investigated by 
the consulting engineering firm Steffen, 
Robertson and Kirsten in terms of a one-
year contract with the WRC. 

A preliminary survey of pesticide 
levels in ground water from a 
selected area of intensive 
agriculture in the western Cape 

Overseas experience indicates that the 
newer generation of pesticides that are 
supposed to break down on contact with 
soil and have relatively short half-lives 

Funding of research on Ground Water 
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Evidence ofpyrite oxidation in a 
shrinkage crack on a gold mine 
tailings impoundment. 
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could still cause contamination of ground 
water. Although limited studies have been 
undertaken in South Africa to determine 
possible pollution of ground water with the 
older more persistent chlorinated pesti
cides, no investigations concerning the 
newer generation of pesticides have been 
undertaken. This preliminary survey by 
the CSIR to determine the pesticide levels 
in ground water is consequently very timely. 

NOAA satellite remotely sensed data 
are being used to identify regional-
scale fracture zones for ground-
water supply purposes in South 
Africa. 

The eighteen-month study is being carried 
out in an area of intensive agriculture in the 
Western Cape where extensive use is made 
of pesticides during farming activities. 

The evaluation and development 
of geophysical techniques for 
characterising the extent and 
degree of ground-water pollution 

This project is to be executed by the CSIR 
in terms of a two-year contract with the 
WRC. 
Contamination of ground water by diffuse 
and point sources is causing increasing 
concern in South Africa. Contamination is 
mostly detected and monitored with the aid 
of boreholes sunk for this specific purpose. 
Electrical and geophysical techniques are 
increasingly being applied world-wide as 
an aid in the detection and monitoring of 
ground-water and soil contamination. 

These techniques are also increasingly used 
to locate pollution plumes in ground water 
and the judicious siting of boreholes. The 
overseas experience in this regard is, 
however, almost exclusively limited to 
aquifers in unconsolidated sediments, while 
South Africa has mainly secondary or "hard 
rock" aquifers. This project is, therefore, 
aimed at the investigation and develop
ment of geophysical methods which can be 
used to map pollution plumes more effi
ciently and cost-effectively than an exten
sive borehole network. 

k comparative study of two and 
three-dimensional ground-water 
models 

This three-year project was initiated dur
ing the year in terms of an agreement 
between the WRC and the University of the 
Orange Free State. It aims to compare the 
capability of two and three-dimensional 
models in the simulation of ground-water 
occurrences. Although ground water oc
curs in three spatial dimensions, it has up to 
now been largely modelled using two-
dimensional models. This simplification 
of the physical system may account for 
discrepancies between observed values and 
simulated values obtained from the mod
els. In addition to model refinement, ad
vantages resulting from the research will 
be the development of more effective 
methods for the estimation of unknown 
values required in model development and 
improved graphical representation of 
ground-water data. 

An investigation into the 
oscillation method for the 
determination of aquifer 
transmissivity 

This eighteen-month contract is being 
undertaken by the University of the Orange 
Free State. 
The oscillation method, which provides a 
rapid cost-effective means of determining 
aquifer transmissivity, was developed 
during the 1970s in Germany. The project 
aims to investigate the suitability of the 
method for determining aquifer transmis-
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sivity under South African conditions. 
Results will be compared against existing 
conventional pumping test data. Software, 
to process data obtained from the tests, will 
be developed and the results, together with 
a handbook describing the procedure, will 
be published. 

LIST OF RESEARCH 
PROJECTS 

CURRENT PROJECTS 

Q Modelling of the ground-water quality 
in the Atlantis aquifer (The University 
of the Orange Free State - Institute for 
Ground-water Studies) 

Q The exploitation potential of Karoo 
aquifers (The University of the Orange 
Free State-Institute for Ground-water 
Studies) 

□ The evaluation and development of 
techniques for the determination of 
geohydrological parameters by use of 
geo-electrical methods (The CSIR -
Division of Earth, Marine and Atmos
pheric Science and Technology 
(EMATEK)) 

Q Research on the use of electromagnetic 
exploration techniques for the develop
ment of ground-water resources (The 
University of Pretoria - Department of 
Geology) 

Q Research on the enhancement of the 
National Ground-water Data Base fa
cilities (The University of the Orange 
Free State - Institute for Ground-water 
Studies) 

□ A geohydrological investigation and 
evaluation of the Zululand coastal aqui

fer (The CSIR - Division of Earth, 
Marine and Atmospheric Science and 
Technology (EMATEK)) 

Q Research on the development of tech
niques for the evaluation and effective 
management of surface and ground-
water contamination in the Orange Free 
State Gold Fields (The University of 
the Orange Free State - Institute for 
Ground-water Studies) 

NEW PROJECTS 

Q An investigation of the potential use of 
NOAA satellite remotely sensed data 
for identification of regional scale frac
ture zones for ground-water supply 
purposes in southern Africa (A firm of 
consulting engineers: Steffen, 
Robertson and Kirsten) 

Q A preliminary survey of pesticide 
levels in ground water from a selected 
area of intensive agriculture in the 
Western Cape (The CSIR - Division of 
Water Technology) 

Q Theevaluation and development of geo
physical techniques for characterising 
the extent and degree of ground-water 
pollution (The CSIR - Division of Earth, 
Marine and Atmospheric Science and 
Technology (EMATEK), and Division 
of Water Technology) 

Q A comparative study of two and three-
dimensional ground-water models (The 
University of the Orange Free State -
Institute for Ground-water Studies) 

Q An investigation of the oscillation 
method for the determination of aquifer 
transmissivity (The University of the 
Orange Free State - Institute for Ground-
water Studies) 
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AGRICULTURAL WATER 
UTILISATION 

HE TENDENCY in WRC ir
rigation projects since 1987, 

viz. that the research is aimed 
more directly at the end user and 
his problems, has been continued 

during 1989. The good results emanating 
from the current research projects, as well 
as the objectives of the research projects 
which were launched during the year under 
review, confirm this approach. 
Two major advantages have resulted from 
this approach. 
□ Contact between the researcher and the 

end user is furthered. The lack of con
tact between these two parties has often 
in the past been identified as a short
coming in the South African irrigation 
set-up. The immediate result of this 
closer contact with irrigation practice, 
is that it enables the researcher to iden
tify high-priority research needs in 
practice and to focus attention on those 
needs. The fact that irrigation farmers 
co-operate actively in the executing of 
the research enables them to become 
acquainted with new techniques and 
approaches, thereby enhancing the ulti
mate application of results. 

□ Basic research which may be deemed 
necessary while implementing user-
oriented research, can be executed more 
purposefully. The end-result is that 
scientifically justified equipment and 
procedures become available at an ear
lier stage for general practical applica
tion, thereby enhancing the efficient 
and optimal application of water for 
irrigation purposes. 

The irrigation research projects which were 
launched during 1989 can be divided into 
two broad categories, viz.: 
□ follow-up research projects which are 

aimed at rounding off research which 

had been founded in previous projects; 
e.g. the project on the upper boundary 
area of plant-available water and the 
project on crop factors; and 

□ research projects which are aimed at 
existing equipment and procedures, e.g. 
the projects on water sensors and flood 
irrigation design. 

The number of irrigation research projects 
supported by the WRC amounted to 21 
during 1989. Of these two projects were 
completed while four new research agree
ments were entered into. 

LIAISON WITH THE SA 
A0R1CULTURAL UNION fSAAU) 

Although the WRC submitted copies of 
irrigation research reports to the Irrigation 

and Water Affairs Committee of the S A AU 
right from the start, no formal liaison 
existed between the WRC and the Com
mittee. On the invitation of the WRC the 
Committee visited the WRC during the 
year under review. The visit, in the form of 
a meeting at the WRC, was followed by an 
information session during which the 
Committee was briefed by WRC personnel 
on WRC activities relating to agriculture. 
Through this action the foundation was 
lain for closer liaison between the WRC 
and the SAAU. 

Funding of research on Agricultural 
Water Utilisation expressed as a 
percentage of total WRC research 
expenditure (1980 to 1989). 

Funding of research on Agricultural Water Utilisation 
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During November 1989 the WRC hosted a 
visit to South Africa by Prof S Miyamoto of 
the Texas A and M University in El Paso, 
Texas. Prof Miyamoto is the author of 
more than 100 professional papers and is 
regarded as a world authority in the field of 
salinity and plant/water relationships of 
subtropical fruit trees, specifically as re
gards pecan nuts. Prof Miyamoto attended 
the ISHS International Symposium on the 
Culture of Subtropical and Tropical Fruits 
and Crops, held in Nelspruit from 6 to 10 
November 1989. At the congress Prof 
Miyamoto read the introductory paper Irri
gation Scheduling for Pecans in the Water 
Relations/Nutrition session, and chaired 
the workshop Irrigation Research Strat
egy, during which future subtropical and 
tropical fruit and crop irrigation research 
was decided upon. After the congress Prof 
Miyamoto visited the horticulture depart
ments of the Universities of Natal, Stellen-
bosch and Pretoria. During these visits 
departmental research projects were dis
cussed and various field trips undertaken, 
and Prof Miyamoto read a further three 
technical papers. 

iEPOiT 01 COMPLETE! 
PROJECTS 

Research on correction factors 
for the evaporimeter coefficients 
used in the irrigation scheduling 
of wheat 

This project, which commenced in January 
1985, was completed in August 1989 by 
the University of the Orange Free State. 
The final report entitled Correction Fac
tors for Evaporimeter Coefficients Used 
for Scheduling Irrigation of Wheat con
tains results proving conclusively that the 
use of a single crop evaporation coefficient 
per crop per season, is incorrect. Further
more, a new concept namely atmospheric 
evaporative demand (AED), was introduced 
and defined. 

I 

The generality of AED, as defined, makes 
universal acceptance of this concept desir
able. This description of upper limit evapo
ration eliminates much of the confusion 
which had existed in the past as to whether 
to use maximum, potential, basal or refer
ence evaporation to express upper limit 
evaporation. 

The Penman-Monteith equation, weather 
data from an automatic weather station and 
a canopy surface conductance value of 
0,08 m s"1 could be used to estimate refer
ence evaporation (Eo) accurately. This 
estimate, together with the crop evapora
tion coefficient defined in this work must 
now be regarded as the most accurate 
method of calculating AED. This approach 
greatly facilitates and improves the sched
uling of irrigation. 

Evaporimeters, such as A-pan and Piche or 
carborundum atmometers, proved useful 
alternatives for estimating E . Implemen
tation of A-pan measurements required 
measurement of air and water tempera
tures, whilst application of atmometers 
required measurement or estimation of 
radiation and air temperature. Atmome
ters, however, proved to be more accurate 
than the A-pan. 

A complete weather station at Riet 
River to monitor irrigation treatment 
and physiological reactions of crops. 



Research on improving irrigation 
management based on soil water 
monitoring and detailed 
knowledge of profile available 
water capacities 

This project, which commenced in January 
1985, was completed in December 1988 by 
the University of Fort Hare. The final 
report Research on Improving Irrigation 
Management Based on Soil Water Moni
toring and Detailed Knowledge of Profile 
Available Water Capacities contains the 
results of investigations on plant available 
water capacities (PAWC) for wheat, du
rum wheat and maize crops and the effect 
of soil water stress, at various growth stages, 
on the yield of these crops. 

It was found that moderate stress, defined 
as the extraction of 100 per cent of PAWC, 
did not reduce the yields of either maize or 
wheat, but had a marked detrimental effect 
on durum wheat yield. 
The study clearly indicated that pre-dawn 
leaf water potential (PLWP) is a reliable 
parameter for the identification of first 
material stress (FMS) in both immature 
and mature plants. A standardised proce
dure for PLWP measurements, described 
in the report, proved to be very reliable and 
yielded highly reproducible results. The 
study, therefore, offers a reliable technique 
for PAWC determinations for a crop at any 
growth stage. 
The study also proved that deficit irrigation 
can be applied successfully during peak 
demand periods without reducing yields or 
irrigation water-use efficiencies. In fact, 
deficit irrigation general ly gave higher irri
gation water-use efficiencies than full irri
gation. The fact that deficit irrigation at 
soil water contents close to FMS had no 
harmful effects on yield and water-use 
efficiencies is ample proof of the validity 
of the PAWC concept for irrigation sched
uling. 

DISCUSSION OF 1EW 
PI0JE6TS 

(Research on moisture sensors to 
facilitate water management 
Thin-film polymer techniques have recently 

been employed successfully in the manu
facture of humidity sensors. 
This three-year research project, under
taken by the University of Stellenbosch, 
will refine the above-mentioned sensors to 
a point where such instruments will meet 
cost, accuracy and reliability criteria of 
water researchers in agriculture, forestry 
and hydrology. A second research aim is to 
employ thin-film techniques in the manu
facture of soil moisture measuring instru
ments. Currently available instruments are 
characterised by high cost, as well as by 
laborious labour and management proce
dures. 
The use of polymer techniques is a totally 
new approach which, if successful, will 
lead to a considerable breakthrough in the 
production of economical, accurate, easy-
to-use moisture sensors which can be widely 
replicated. 

Research on the relationship 
between climate and crop 
factors 
Judicious irrigation scheduling requires 
knowledge of atmospheric evaporative 
demand, which is calculated by means of 
crop factors and evaporation from a refer
ence crop. As the determination of crop 
factors not only depends on climate, but is 
also sensitive as regards crop and growth 
stage, crop factors have to be determined 
over a wide range of climatic areas, which 
is an expensive, slow and sometimes im
practicable approach. 
A three-year research project which is being 
undertaken by the University of the Orange 
Free State, will investigate an alternative 
approach to the determination of crop fac
tors. Research will focus on hourly obser
vations of lysimeter determinations of 
evaporative demand, reference crop evapo
ration and climatological inputs. This will 
facilitate the determination of crop factors 
over a wide range of "climates" by equat
ing the climate which prevailed during the 
specific hour under consideration to ana
logue climates in other areas. 
Should this approach be successful the 
determination of crop factors will be sim
plified and expedited, thereby furthering 
scheduling techniques. 

Studies on soil/plant/water 
relationships in the upper 
reaches of plant available soil 
water 

The profile available water capacity 
(PAWC) concept has been researched and 
refined over a number of years and is also 
the basic concept for a highly successful 
irrigation scheduling programme. This 
research, however, showed clearly that 
uncertainties still exist regarding the soil/ 
plant/ water relationships in the upper 
reaches of plant available water (or the area 
known more commonly as "field capa
city"). 

A five-year project by the University 
of Pretoria will investigate not only the 
soil/plant/water relationships in the 
upper reaches of plant available water, 
but also other factors such as the uptake 
of plant nutrients and the occurrence of 
root diseases in the upper reaches of soil 
water. 

A critical evaluation of flood 
irrigation design procedures and 
the computerisation of the most 
suitable 

Although sophisticated irrigation tech
niques are fairly extensively used in irri
gated agriculture, flood irrigation is the 
most common method of irrigation and 
indications are that this will remain the 
case in the foreseeable future. The general 
standard of flood irrigation in South Africa 
is, however, not satisfactory, and low ap
plication efficiencies of approximately 45 
per cent can be observed in practice. 
A three-year research project is being 
undertaken by the University of Pretoria to 
investigate, firstly, management and other 
guidelines for the appropriate application 
of irrigation water during flood irrigation 
and secondly, to develop computerised 
design procedures for this method of appli
cation. 
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LgST OF RESEARCH 
PROJECTS 

COMPLETED PROJECTS 

□ Research on correction factors for the 
evaporimeter coefficients used in the 
irrigation scheduling of wheat (The 
University of the Orange Free State -
Department of Agrometeorology) 

Q Research on improving irrigation man
agement, based on soil water monitor
ing and detailed knowledge of profile •■ *■'* 
available water capacities (The Uni
versity of Fort Hare - Department of 
Soil Science) 

CURRENT PROJECTS 

Q Development of a computer program to 
simulate the flow of water in distribu- ■ ■ 
tion canals (The Rand Afrikaans Uni
versity - Department of Civil Engineer-

" ing) 
□ An investigation into methods of de

veloping operational rules for individ
ual irrigation systems (The University 
of Stellenbosch - Department of Civil 
Engineering) 

□ Research on economic evaluation of al
ternative irrigation scheduling strate
gies for wheat in the irrigated area of the 
Orange Free State (The University of 
the Orange Free State - Department of 
Agricultural Economics) 

□ Research on the development of crite
ria for sprinkler irrigation systems to 
combat surface sealing of soils (The 
Potchefstroom University for CHE -
Department of Pedology and the Uni- I 
versity of Pretoria - Department of ,-' ; ." 
Agricultural Engineering) {".- "*}■'.'.'"•• '. ■ >.:..">■) 

□ Research on the development of an ad- |_| \ ■'"' ' 
justable low pressure flow-rate control Thg effect Qf . ^ Qnd sub timal 
valve for flood irrigation (The Univer- . . . , 

r _ . ° , . . irrigation treatment on crop growth sity of Pretoria - Department of Agn- , ' ° 
,, 1 C . . s can be seen clearly. cultural Engineering) J 

□ Research on the practical scheduling of 
irrigation in the northern Transvaal (The 
University of the North - Department of 
Crop Production) 

□ Research on quantification and limita-



tion of water losses associated with 
centre-pivot irrigation systems. (The 
University of the Orange Free State -
Department of Agricultural Engineer
ing in collaboration with the Depart
ment of Agronomy) 

□ Investigation into water use and pro
ductivity of crops under conditions of 
water stress and the modelling thereof 
(The Department of Agriculture Devel
opment - Soil and Irrigation Research 
Institute) 

Q Research on drip irrigation of tomatoes 
(The University of Pretoria - Depart
ment of Plant Production) 

Q Research on maximising irrigation pro
ject efficiency in different soil/climate/ 
irrigation situations (The University of 
the Orange Free State - Department of 
Agrometeorology) 

Q Research on the storage and utilisation 
of rain water in the soil for the stabilisa

tion of plant production in semi-arid 
areas (The University of the Orange 
Free State - Department of Soil Sci
ence) 

Q Research on the factors affecting the 
water-use efficiency of irrigated crops, 
with special reference to the physio
logical responses of these crops (The 
University of the Orange Free State -
Department of Agronomy and Horto-
logy) 

□ Research on estimation and evaluation 
of moisture stress in crops by means of 
remote control aerial surveillance (The 
University of the North - Department 
of Soil Science) 

□ Research on the water-use efficiency of 
certain irrigated temperate pasture spe
cies (The University of Pretoria - De
partment of Plant Production) 

Q Development of a manual to be used 
with the IDES computer programs for 

the design of irrigation systems (A firm 
of consulting engineers: Murray, Bie-
senbach and Badenhorst Inc.) 

NEW PROJECTS 

Q Research on moisture sensors to facili
tate water management (The Univer
sity of Stellenbosch - Institute of Poly
mer Science) 

□ Research on the relationship between 
climate and crop factors (The Univer
sity of the Orange Free State - Depart
ment of Agrometeorology) 

□ Studies on soil/plant/water relations in 
the upper reaches of plant available soil 
water (The University of Pretoria -
Department of Soil Science) 

□ A critical evaluation of flood irrigation 
design procedures and the computeri
sation of the most suitable (The Univer
sity of Pretoria - Department of Agri
cultural Engineering) 
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ITH the exception of a 
relatively high salt con

tent in its interior, South 
Africa can boast of a good 

natural water quality. Cer
tain areas, however, exhibit a gradual to 
serious deterioration in the quality of sur
face water sources, causing the water to 
become less fit for consumption. When 
the water quality deteriorates to the extent 
that it exceeds certain threshold values, 
which differ for the various uses, the con
sumer of water has to bear the escalating 
costs associated with the deterioration. 
Virtually all uses of water lead to one or 
other form of pollution. This explains why 
the deterioration in the quality of water is 
for the greater part associated with indus
trial, urban and irrigation development. 
The relative scarcity of water in South 
Africa necessitates even better control over 
limited water resources. This promotes the 
more intensive use and reuse (and the 
concomitant deterioration in quality) of 
water. In the long term the deteriorating 
water quality and the resulting decline in its 
usefulness can become a bigger problem 
than the availability of water. 
In South Africa water pollution occurs 
predominantly as salinisation and eutro-
phication. Salinisation is the accumulation 
of salts in water by the use and reuse of 
water, causing the salt content of the water 
to rise, thus creating additional costs for the 
user. Eutrophication occurs when the water 
is enriched with plant nutrients, thus pro
moting the excessive growth of algae and 
water plants. This, in turn, impedes the 
treatment of water for drinking puiposes 
and hampers its utilisation for recreational 
purposes. 
In 1989 the Commission financed five 
salinisation projects. One project was 
launched and no projects were concluded. 
Eight eutrophication projects were fi

nanced, of which two were completed 
during the year and three were initiated. 
The great capacity of the sea to assimilate 
certain waste products causes most of the 
communities living at the coast to make use 
of it to some or other extent to dispose of 
theireffluents. It is essential that only non-
toxic waste which can be assimilated effec
tively by the marine environment, be dis
charged. Guidelines in this regard are 
available. During the year the Commis
sion financed two projects with regard to 
marine discharge, of which one was com
pleted. 
The increasing awareness of the role which 
quality has to play in the utilisation poten
tial of water, coupled with the gradual 
deterioration in water quality, has created 
the need to devise a strategy in terms of 
which the major aspects of water quality 
can be monitored. The Commission is at 
present financing one project in this re
gard. 

SALINISATION 

The Commission met with a number 
of experts in the field of salinisation in 
November 1989, as part of its co-ordi
nating function, to discuss priorities for 
salinisation research. This prioritisation 
came about as a result of papers presented 
on the different goals for salinisation 
research. The severity of the problem and 
the present state of knowledge were tho
roughly discussed. It is expected that se
veral other organisations which are in
volved in salinisation research, besides the 
Commission, will adapt their activities in 
view of this prioritisation. 

Funding of research on Water 
Pollution expressed as a percentage 
of total WRC research expenditure 
(1980 to 1989). 

Funding of research on Water Pollution 
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WORKSHOP ON THE 
MODELLING OF CHEMICAL 
AND WATER BALANCES IN 
THE ROOT ZONE OF SOIL 

The theory and application of a model 
describing the dynamic reaction of inor
ganic salts as well as nitrogen fertilisers 
and pesticides in the root zone of soil were 
discussed during a week-long workshop 
which took place in January 1989. The 
workshop was presented by the Commis
sion in Pietermaritzburg in co-operation 
with the Computing Centre for Water 
Research, and with the assistance of two 
world-renowned leaders in the field, viz. 
Prof RJ Wagenet, head, and Dr JL Hutson, 
a senior researcher of the Department of 
Agronomy at Cornell University. About 
the same amount of time was devoted to the 
transfer of the theoretical basis of the model, 
its possibilities and limitations, as to the 
acquiring of practical experience in the use 
of the model with test data as well as data 
of the participants themselves. 
The workshop was attended by about 40 
participants from all over South Africa 
representing a variety of disciplines, inter 
alia soil scientists, agricultural engineers, 
geohydrologists, hydrologists, agronomists 
and botanists. 

DISCUSSION OF A NEW 
PROJECT 

Evaluation of the four-electrode 
electrical conductivity and 
electromagnetic induction 
techniques of soil salinity 
measurement for use under South 
African conditions 

This project is being carried out by the 
University of Natal over a period of three 
years. 
Salinisation of soil is a problem experi
enced by virtually all irrigation schemes in 
South Africa. Little is, however, known of 
the extent and the degree of salinisation, as 
well as the salinisation trend in course of 
time. In the main the reason for this is the 
fact that laboratory analyses for the tradi

tional salinisation surveys are time-con
suming and costly. Should there be a 
continued tendency for surface waters (and 
therefore also irrigation water) to salinise 
gradually as well as the tendency to im
prove irrigation effectivity, it is to be ex
pected that the salt content of irrigated land 
will increase at the same time. Irrigation 
farmers will therefore experience a con
stant move towards the threshold value 
where soil salinisation starts to affect crop 
production and they will feel a growing 
need to be kept informed regularly on the 
saline status of their lands. There is conse
quently a definite need for methods to 
determine soil salts rapidly and cost-effec
tively. The experience gained in the USA, 
Australia and Israel using four-electrode 
electrical conductivity and electromagnetic 
induction techniques for the rapid determi
nation of soil salts looks very promising. 
This project aims at determining the rela
tionships between measurements with these 
instruments and standardised measure
ments. The validity of these relationships 
will be tested on a series of irrigation scheme 
soils under practical conditions. Guide
lines for the use of these techniques will 
also be drawn up. 

EUTROPHBCATION 

A DISCUSSION OF NEW 
PROJECTS 

Research on the extension of the 
management-orientated models 
for eutrophication control 

The CSIR is carrying out this three-year 
project. 
The Department of Water Affairs has de
cided on a policy of addressing the causes 
rather than the effects of eutrophication. It 
is for this reason that a 1 mg/f P standard 
has been set for a number of sensitive 
catchments. Management-orientated eu
trophication models are used to compare 
the effects of alternative measurements. 
Thus answers to the question of whether 

the implementation of the P standard will 
have the desired effect on water quality are 
obtained. The decision support system 
(DSS) used up to now for this purpose, 
however, only simulates the transport and 
fate of phosphate P, since it has been found 
that phosphate is the limiting plant nutrient 
in most freshwater systems. 
During a recent application of the DSS to 
test the effect of eutrophication control 
measures in sensitive areas, it was, how
ever, found that the effect cannot always be 
adequately predicted. It transpired that the 
growth-limiting factors in these cases were 
the low levels of nitrogen compounds for 
light penetration (in highly turbid dams). 
Water quality managers of the Department 
of Water Affairs are of the opinion that it is 
important to expand the DSS for the con
trol of eutrophication in order also to in
clude nitrogen compounds and light pene
tration (in addition to phosphate P) as 
growth-limiting factors, as is the intention 
with this project. 

Research on the management of 
phosphate concentration and 
algae in the Hartbeespoort Dam 

This project is being carried out by the 
CSIR over a period of fifteen months. 
It has been found that the problem of eutro
phication in the Hartbeespoort Dam cannot 
be solved simply by enforcing the effluent 
standard of 1 mg/(? P. Additional measures 
are therefore required to combat the prob
lem. The Department of Water Affairs 
consequently decided to apply full-scale 
aeration/destratification with a view to im
proving the quality of the water and the 
removal of dominant and undesirable 
Microcystis algae. 
In planning the aeration experiment, it, 
however, transpired that the phosphate 
concentration in the dam had decreased to 
exceptionally low levels over the past few 
years and that Microcystis was also no 
longer the dominant alga. 
In view of these improved conditions it was 
decided not to continue with the aeration 
experiment for the moment. Consequently 
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The project aims at obtaining useful 
chemicals from this green algal 
scum. 

the Department ofWater Affairs requested 
the Commission to initiate a research pro
ject in order to ascertain what had given 
rise to the reduced phosphate concentra
tion and the decrease in the Microcystis 
algae in the dam. The results of this project 
could possibly make a contribution to the 
management of the phosphate concentra
tion and algal species in Hartbeespoort 
Dam and others. It may also shed light on 
the advisability of aeration as a manage
ment strategy. 

Research on harvesting 
Hartbeespoort Dam algal scums 
for fine chemicals 

This project will be carried out by the CSIR 
over a year. 
South African dams are increasingly sub
jected to enrichment with plant nutrients 
such as nitrogen-containing compounds 
and phosphate. The resulting algal bloom 
causes several problems. Algae are, how
ever, also known to produce chemical 
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compounds which are pharmacologically 
active and which can be used as a feed 
supplement due to their high protein con
tent. 
This project will investigate the possibility 
of harvesting the algal scum which collects 
on Hartbeespoort Dam and to reclaim a 
number of chemicals from it. Should this 
investigation prove successful the prob
lems currently being experienced with the 
algae can be partially turned into an advan
tage. 

REPORT ON COMPLETE! 
PROJECTS 

Evaluation of the impact of the 
effluent phosphate standard on 
the water quality and trophic 
status of Hartbeespoort Dam 

The Hartbeespoort Dam is known to be one 
of the most highly eutrophied impound
ments in South Africa and a three-year 
project with the CSIR with the overall 
objective of evaluating the impact of the 
effluent phosphate standard of 1 mg/£ on 
the water quality and trophic status of the 
dam, was completed during the year. 
It was found that the in-lake annual mean 
orthophosphate P concentration steadily 
declined from 476 ng/0 in 1984/85 to 134 
[ig/d in 1987/88. This trend has continued 
into 1988/89. The declining concentra
tion coincided with the period during which 
the dam spilled (1987/88 and 1988/89) for 
the first time since 1981/82. However, this 
change in phosphate concentration was 
brought about within the impoundment 
rather than by a decline in the phosphate 
concentration in the inflowing water. A 
feature of the water quality during the 
1988/89 summer was that phosphate P 
concentrations in the surface (0 to 5 m) 
water were as low as 5 (ig/f and that N:P 
ratios rose to over 25:1. Another phenome
non was the change in the species compo
sition of the plankton which, until the end 
of 1987/88, remained similar to that of pre
vious years. During the summer of 1988/ 
89, Microcystis aeruginosa, which had been 
the dominant species in previous years, 
was almost entirely absent. 

An important conclusion arising from 
this study was that the enforcement of the 
1 mg/£ orthophosphate P standard is not 
complete. It appears that the recent reduc
tion in in-lake phosphate concentrations 
and the disappearance of Microcystis are 
not due to the effluent phosphate standard 
and are likely to be permanent. Neverthe
less, it has become clear that Microcystis 
occurrence is governed by phosphate availa
bility and that the strict enforcement of the 
effluent standard should be continued. The 
prevention of stratification through aera
tion would also tend to drive nutrient availa
bility and the N:P ratio in a direction unfa
vourable to Microcystis. 
Based on these results the Department of 
Water Affairs has decided not to go ahead 
with the envisaged full-scale aeration/ 
destratification of the dam. They have now 
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requested the WRC to support further re
search in order to ascertain exactly what 
has caused the decline in Microcystis and 
the improvement of water quality. Based 
on the outcome of this investigation, which 
is currently being executed, the Depart
ment will decide whether or not to go 
ahead with the aeration/destratification ex
periment. 

Research on the effective use of 
water by means of an algal-
aquaculture system 

It is estimated that South Africa will 
experience a protein fodder shortage of 
400 000 t by the year 2000. In view of this, 
aquaculture, and in particular algal culture 
systems, presents a means by which the 
deficitmay be partially supplemented. Such 

The experiment 
in progress is 
testing the 
tolerance of 
Spirulina to 
sodium chloride. 
Continuous 
culture flasks 
(1S) are used. 
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systems have the potential to produce a 
high biomass yield with a high protein 
content by making use of waste as a nutri
ent source. Over the past eighteen months 
the University of the Orange Free State 
developed an aquaculture system with a 
view to protein development. 
The system consists of aculture of filamen
tous algae and invertebrates which are 
cultured in salt water with manure as the 
nutrient source. A simple experimental 
plant has already been operated for a year 
without any significant problems. Initial 
results indicate that the system has poten
tial advantages for the production of pro
tein (measured in dry mass protein per unit 
of water consumption), over that of crop 
production by means of irrigation. The 
system can be applied using waste water as 
well as salt water as is found in large parts 
of the country, and which cannot be used 
profitably for other purposes. The system 
also presents the possibility of supplemen
tary yield from irrigation water if the water 
is first applied for aquaculture and thereaf
ter for consumptive use by irrigation. 
Although promising results have been 
obtained, the system is not yet completely 
viable in the present economic climate. 

MARINE DISPOSAL 

REPORT ON A COMPLETED 
PROJECT 

Research on marine disposal 
practice in South Africa 

The need to ensure that the marine environ
ment maintains its capability of effectively 
assimilating domestic and industrial wastes, 
necessitates not only more efficient marine 
disposal systems, but also that these be 
operated as effectively as possible. In 
order to assist both the proprietors and 
designers of such systems in this regard, 
the Commission contracted the CSIR to 
compile a publication documenting the 
descriptive and technical details of known 
marine discharges around the South Afri

can coastline, and also to highlight the 
successes and failures of these. 
In total 75 discharges were surveyed, of 
which 42 are only descriptively reported 
on as they discharge effluent either by 
pipeline to above the high-water level or 
into a river, estuary or open channel and, 
therefore, could not supply any useful in
formation on the operation of marine out
fall systems. Of the remaining 33 dis
charges, 12 are classified as offshore pipe
lines that discharge effluent beyond the 
surf zone and 21 are classified as surf-zone 
pipelines that discharge effluent into the 
surf zone. 
Municipal discharge constitutes 44 per cent 
of the total discharge rate of 686 900 m3/d, 
and varies from macerated raw sewage 
and septic tank overflow to almost fully 
treated sewage. The greatest variation in 
type and quality occurs in industrial efflu
ents which account for 50 per cent of the 
total discharge rate. Pretreatment essen
tially comprises solids settling and screen
ing prior to discharge, which is usually 
effected through long outfalls. The high 
organic content effluent from the fish pro
cessing industry constitutes about 6 per 
cent of the total discharge rate. 
The emphasis in this report is on the off
shore pipelines, of which most are located 
in Natal and the southern Cape. Although 
the offshore outfalls number only 12 they, 
nevertheless, account for 86 per cent of the 
total amount discharged. Most of the prob
lems that were encountered with these are 
related to pipeline stability, settlement of 
solids in the pipeline, and discharge port 
blockages caused by improper design and 
operating practices. The general conclu
sion is that the 12 offshore pipelines per
form satisfactorily. It is recommended that 
designers of new offshore outfalls take 
cognisance of the problems highlighted in 
the report, and that regular inspection and 
pipeline performance monitoring take place 
after commissioning. 

Because of their simple construction and 
operation, surf-zone outfalls yielded rela
tively little meaningful information in a 
survey. In populated areas the discharge of 
effluent to the surf zone is restricted to 
minor discharges or to effluents that have 

undergone extensive pretreatment. It was 
concluded from the survey that there ap
pears to be a tentative limit to the amount of 
effluent discharged to the surf zone, and 
above which the discharge is effected by an 
offshore pipeline. For industrial effluent 
this limit is about 3 000 to 4 000 m3/d and 
for treated municipal sewage 15 000 to 
20 000 m-Vd. 

LIST OF RESEARCH 
PROJECTS 

COMPLETED PROJECTS 

□ Evaluation of the impact of the phos
phate standard on the water quality and 
trophic status of Hartbeespoort Dam 
(The CSIR - Division of Water Tech
nology) 

Q Research on the effective use of water 
by means of an algal-aquaculture sys
tem (The University of the Orange Free 
State - Limnology Unit) 

Q Research on marine discharge practice 
in South Africa (The CSIR - Division 
for Earth, Marine and Atmospheric 
Science and Technology (EMATEK)) 

CURRENT PROJECTS 

Q Research on the inhibition of bacterial 
oxidation of pyrite and the concomitant 
acid mine drainage (The Chamber of 
Mines and the University of Stellen-
bosch - Department of Microbiology 
and Virology and the Institute for Poly
mer Science) 

□ Development of management-orien
tated models for eutrophication control 
(The CSIR - Division of Water Tech
nology and the Department of Water 
Affairs) 

Q Hydrosalinity studies in the Eastern 
Cape (Rhodes University - Department 
of Geography) 

□ Research on an evaluation of the abili
ties of several salute and water trans
port models to predict the quantity and 
quality of water leaving the root zone 
(The University of Stellenbosch - De-
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partment of Soil and Agricultural Wa
ter Science) 

□ Research on the evaluation of the de
sign and use of irrigation systems in the 
Bree River with a view to the control of 
potential drainage losses (A firm of 
consulting engineers: Murray, Biesen-
bach and Badenhorst, Inc.) 

Q The development of phosphate export 
models for catchments (The CSIR - Di
vision of Water Technology) 

□ Research on the quantification of the 
effects of land use on runoff quality in 
selected catchments in Natal (The CSIR 
- Division of Water Technology). 

□ Research on the culturability of faecal 

coli following exposure to seawater - a 
pilot study (The CSIR - Division of 
Earth, Marine and Atmospheric Sci
ence and Technology (EMATEK)) 

□ The development of water quality moni
toring strategies and procedures for 
water quality data interpretation (The 
CSIR - Division of Water Technology 
and the Department of Water Affairs) 

HEW PROJECTS 

□ The evaluation of the four-electrode 
electrical conductivity and electromag
netic induction techniques of soil salin
ity measurement for use under South 
African conditions (The University of 

Natal - Department of Soil Science and 
Agrometeorology) 

Q Research on the harvesting of algal 
drift from Hartbeespoort Dam water 
for the reclamation of fine chemicals 
(The CSIR - Division of Water Tech
nology) 

Q Research on the extension of the man
agement-orientated models for eutro-
phication control (The CSIR - Division 
of Water Technology) 

□ Research on the management of phos
phate concentrations and algae in Hart
beespoort Dam (The Department of 
Water Affairs and the CSIR - Division 
of Water Technology) 
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MUNICIPAL EFFLUENTS 

0MEST1C and industrial sec
tors use approximately 35 per 
cent of the total demand for 
water in South Africa, of 

which almost 80 per cent is 
used non-consuinptively. Most of this water 
is returned to the environment after treat
ment to the required standard, and is avail
able as such for reuse. 
In order to maintain an acceptable water 
quality in a water environment which is 
under increasing pressure from pollution 
resulting from the continuous industrial 
development and demographic changes in 
South Africa, especially urbanisation, cur
rent purification processes have to be 
improved and new processes have to be 
developed constantly. 
Research in the field of municipal effluents 
is aimed at the following aspects: 
Q combating pollution of the water envi

ronment; 
Q protecting public health; and 
□ producing effluents of adequate quality 

for direct or indirect reuse. 
In order to achieve these main objectives, 
research on sewage purification, the treat
ment and disposal of sewage sludge and 
artificial wetlands is financed. During 1989 
the Commission supported 13 projects in 
this field, of which two commenced, eight 
are current and three were completed. 

Funding of research on Municipal 
Effluents expressed as a percentage 
of total WRC research expenditure 

(1980 to 1989). 

SEWAGE PURIFICATION 

Two projects were completed during the 
year, while two projects were initiated. 

REPORT ON COMPLETED 
PROJECTS 

Research on enhancement of 
biological phosphate removal 
from sewage by altering process 
feed composition 

This project was undertaken by the Johan
nesburg City Council to improve biologi
cal phosphate removal by augmenting the 
concentration of readily biodegradable 
chemical oxygen demand (COD) which is 
naturally present in the influent sewage. 

This was achieved by the fermentation of 
primary sludge in the sedimentation tanks 
and subsequent recycle of sludge for elutria-
tion of the soluble COD. 
It was possible to explain at the molecular 
level why Acinetobacter spp. for instance 
have the ability to absorb substrate under 
one unfavourable situation (i.e. absence of 
oxygen) and use the stored substrate as an 
energy source under a second unfavour
able situation (i.e. lack of external carbon) 
to absorb phosphate. 
Further enhancement of phosphate removal 
was achieved by periodic air lancing of the 
fermenting sludge to prevent the conver
sion of fermentation products to methane. 
Primary sedimentation tanks specifically 
designed to incorporate the successful 
operational procedure developed during 
this contract are currently being constructed 
at three of the Council's activated sludge 
plants. 

Funding of research on Municipal Effluents 
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Microscopic appearance of two 
common low FIM filaments viz. 0092 

and Microthrix parvicella (400 x 
magnification). 

Research, development and full-
scale evaluation of preventative 
and remedial methods for the 
control of activated sludge 
bulking 

The objectives of this project were to: 
Q identify the filamentous organisms 

causing bulking in nutrient removal 
systems in South Africa; 

□ evaluate the effect of non-specific bulk
ing control with chlorination on bio
logical N and P removal; and 

□ evaluate specific bulking control pro
cedures for long sludge age systems, in 
particular the role of aerobic, anoxic or 
anaerobic selectors for bulking control 
in nitrogen (N) and nutrient (N and P) 
removal systems. 

In the survey, which covered 33 out of 
about 45 nutrient removal plants in South 
Africa, the six most frequently dominant 
filamentous organisms were found to be 
0092, 0675, 0041, Microthrix parvicella, 
0914 and 1951. 
Chlorination was also found to be a viable 
method for sludge bulking control without 

significant reduction in biological N and P 
removal. 
With regard to specific bulking control of 
low food/mass (F/M) filaments, the pro
moted method is to incorporate alternating 
feed-starve conditions such as intermittent 
(batch) feeding, multi-reactor or plug flow 
systems or completely mixed systems in
corporating selector reactors. 

DISCUSSION OF NEW 
PB0JECTS 

Research on phosphate removal 
by means of electrochemically 
formed iron ions 

This one-year project is being carried out 
by the University of Pretoria. 
Existing biological processes are not effi
cient enough to ensure that effluents com
ply with the phosphate standard. There
fore most purification works also make use 
of chemical phosphate removal. This, 
however, results in increased salinity in the 
treated water which eventually leads to a 
build-up of dissolved salts in the water of 
certain catchment areas. 

* ' 
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The electrolytic process only makes use of 
the metal ion, e.g. iron, to precipitate phos
phates in sewage. The metal is oxidised to 
its ionic form by means of an electric 
current. 
Different cell configurations were exam
ined and the best results were obtained with 
the bipolar cell configuration. A pilot plant 
has been put into commission at Daspoort 
and studies are being carried out currently 
to determine where the elecrolytic cell can 
best be used in the biological process and 
whether the process is economically fea
sible in South Africa. 

Research on the development 
and evaluation of specific 
control methods for ameliorating 
low food/mass (F/M) bulking 

Over the past 5 years, research into acti
vated sludge bulking has been investigated 
at the University of Cape Town under two 
successive contracts, each contributing 
substantially toward the recognition and 
understanding of the sludge bulking phe
nomenon. This three-year project aims to 
address activated sludge bulking by means 
of the following programme: 
Q establishment of the effect of sludge 

age in intermittent aeration systems on 
low F/M filament growth and nutrient 
removal capability; 

□ investigation of the influence of ni
trates under conditions of incomplete 
nitrification; 

Q influence of the absence of influent bio
degradable COD utilisation under an-
oxic conditions on low F/M filament 
growth; and 

□ influence of individual constituents in 
an artificial sewage on low F/M fila
ment growth. 

In some of the above-mentioned experi
ments the modified UCT nutrient removal 
system will also be compared with the 
Johannesburg nutrient removal system. It 
is intended that regular filament identifica
tions be done to establish which of the low 
F/M filaments are influenced under the 
various conditions. With this in-depth 

research the aim is to modify the environ
mental conditions in an activated sludge 
plant so that floc-forming organisms can 
compete favourably for substrates and 
nutrients against the bulking filaments. 

SEWAGE SLUDGE 
TREATMENT AND 
DISPOSAL 

One project was finalised during the year. 

REPORT 0 1 1 COMPLETED 
PROJECT 

Research on chemical 
characterisation of South African 
municipal sewage sludge 

The application of sewage sludge to agri
cultural land may be beneficial to crop 
production because the sludge contains 
significant amounts of the major nutrients 
nitrogen, phosphorus and potassium, as 
well as minor nutrients such as calcium, 
magnesium and certain trace elements. It 
is, however, essential that the sludges be 
adequately monitored for the presence of 
organic and inorganic chemical contami
nants which could have adverse crop and 
food chain effects. 
Twelve major inorganic chemical contami
nants were identified as being commonly 
present in sewage sludge and suitable 
analytical methods were developed and 
tested for their determination, as well as for 
the determination of the nutrients previ
ously mentioned. 
Samples of air-dried sludge were collected 
from seventy-seven South African sewage 
works and analysed to determine their 
inorganic chemical contaminant and nutri
ent concentrations. The results obtained 
were used, with reference to limits laid 
down by various overseas countries, to 
prepare a set of suggested guidelines for 
the application of sewage sludge to agri
cultural land in this country. 

It was recommended that a committee, 

composed of representatives from relevant 
organisations, be entrusted with the task of 
evaluating these and other suggested guide
lines and preparing a set of mutually ac
ceptable maximum limits for the concen
trations of inorganic chemical contami
nants in sewage sludges for application to 
agricultural land. This recommendation 
will be implemented in the near future. 

LIST OF RESEARCH 
PROJECTS 

COMPLETED PROJECTS 

Q Research on enhancement of biologi
cal phosphate removal from sewage by 
altering process feed composition (The 
City Council of Johannesburg) 

Q Research, development and full-scale 
evaluation of preventative and reme
dial methods for the control of activated 
sludge bulking (The University of Cape 
Town - Department of Civil Engineer
ing) 

Q Research on the chemical characterisa
tion of South African municipal sludges 
(The CSIR - Division of Water Tech
nology) 

CURRENT PROJECTS 

Q Research on the preparation of engi
neering design guidelines for artificial 
wetlands for waste-water treatment (The 
CSIR - Division of Water Technology 
and Sviridov, De Waal and Associates 
Inc.) 

Q Performance evaluation of forced aera
tion composting of sewage sludge (The 
Municipality of Stellenbosch and the 
CSIR - Division of Water Technology). 

□ Research on phosphate crystallisation 
in activated sludge systems (The CSIR 
- Division of Water Technology) 

□ Research on electrochemically pro
duced metal coagulants for the treat
ment of polluted water (The University 
of Pretoria - Department of Chemical 
Engineering) 

Q Research on the evaluation and op
timisation of the process of dual diges-
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tion of sewage sludge (The Town Coun
cil of Milnerton and the CSIR - Divi
sion of Water Technology) 

Q Research on chemical augmentation of 
biological phosphate removal (The City 
Council of Johannesburg) 

□ Research on phosphate fixation in waste 
waters by means of controlled struvite 
formation (The CSIR - Division of 
Water Technology) 

□ Consolidation of activated sludge and 
water chemistry research (The Univer
sity of Cape Town - Department of 
Civil Engineering) 

NEW PROJECTS 

□ Research on the development and evalu
ation of specific control methods for 
ameliorating low F/M bulking (The 
University of Cape Town - Department 
of Civil Engineering) 

□ Research on phosphate removal by 
means of electrochemically produced 
iron ions (The University of Pretoria -
Department of Chemical Engineering) 

A secondary clarifier in which 
excessive carry-over of activated 

sludge is taking place. 
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INDUSTRIAL WATER AND 
WASTE WATER 

ESEARCH in the areas of 
industrial water and water 
economy at power stations is 

reported on in this Chapter. 

INDUSTRIAL WATER 

A study done by overseas consulting engi
neers in 1974 identified the most important 
problems caused by industrial effluents in 
South Africa, and recommendations were 
made with regard to short and long-term 
research on problems in a number of spe
cific industries, as well as certain pollut
ants causing problems. 

During the past thirteen years, attention 
has been focused specifically on the fol
lowing industries: textiles, hides and skins, 
fish, fruit and vegetables and abattoirs. 
Water and waste-water management in the 
above-mentioned industries has been re
searched thoroughly with a view to de
creasing the water intake per unit product, 
as well as developing economically ac
ceptable treatment methods for complete 
or partial purification of effluents, with 
associated recovery of chemicals or energy 
where possible. The results of the research 
together with recommendations, are con
tained in guides for each of the above-
mentioned industries. 

In addition to research on specific indus
tries, a national survey of industrial water 
and waste water is being conducted to 
establish a data base containing informa
tion on water intake, raw materials, prod
ucts, effluent quality and the amount of 
industrial waste from all types of industries 
using more than 150 m3 water per day. 
Results from this survey are reported in the 
form of short information guides for each 
of 14 industries that had been identified as 

being either major water consumers or 
polluters of the environment. The follow
ing guides are to be released shortly: Water 
and Waste-water Management in the Dairy 
Industry; Water and Waste-water Man
agement in the Sorghum Malt and Beer 
Industry; Water and Waste-water Man
agement in the Edible Oil Industry; Water 
and Waste-water Management in the Red 
Meat Industry and Water and Waste-water 
Management in the Laundry Industry. 

DISCUSSION OF NEW 
PROJECTS 

Research on the dewatering of 
compressible filter cakes 

Filter presses are generally used for dewa
tering sewage, water works and industrial 
sludges. To improve the filterability of the 

sludge, polyelectrolytes or other aids are 
added to render some sludges compress
ible. The specific resistance of the filter 
cakes and moisture content is a function of 
pressure. The lack of suitable methods to 
determine specific filter cake resistance as 
a function of pressure, necessitates time-
consuming experiments in an operating 
plant. The problem with this approach is 
that full-scale plants do not usually have 
the necessary instrumentation to conduct 
systematic investigations. Such investiga
tions are therefore seldom undertaken and 

Funding of research on Industrial 
Water and Waste Water expressed as 
a percentage of total WRC research 
expenditure (1980 to 1989). 

Funding of research on Industrial Water and Waste Water 

30 

S 23.34 22.91 
£ 21.3 

B. 19.36 
* 2 0 l 7 . 6 7 

W 14.01 14.24 

S 11.72 

1 10 

1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 

45 



if they are, the investigation is expensive 
and often not conclusive enough to operate 
the plant experimentally. 
This three-year project is being under
taken by the University of Natal to develop 
methods for the determination of specific 
filter cake resistance in order to predict the 
behaviour of a filter, to determine the effect 
and dosage of polyelectrolytes or other 
aids accurately and to calculate the re
quired filter area reliably. 

Research on biological 
techniques for the treatment of 
pulp bleaching effluent 

Pulp effluents emanating from bleaching 
processes making use of chlorine and other 
bleaches, are the biggest contributors to 
environmental pollution caused by pulp 
factories. These effluents are high in or
ganic and inorganic matter and include 
toxic compounds. These types of effluent 
are becoming increasingly unacceptable 
worldwide for discharge to sewage sys
tems or to the environment because of their 
toxic content. 

In South Africa the position is even more 
critical because no bleaching process ef
fluents may be discharged by inland pulp 
factories after 1990. Although the problem 
is receiving attention worldwide, no tech
nically and economically satisfactory tech
nology has been developed to solve the 
problem. Desalination technology seems 
to be the most promising, but organic foul
ing of the membranes is a big impediment. 
At the moment various techniques are being 
investigated to remove the organic compo
nents, but apparently no attention is being 
given to biological methods. 

A thorough investigation into biological 
methods to remove organic matter from 
bleaching process effluents before the 
application of desalination techniques can 
possibly be an important step towards the 
solution of the problem - especially for the 
two large inland plants at Springs and 
Ngodwana. 
This two-year project conducted by Sappi 
Management Services, with WRC support, 
is aimed at investigating various biological 
treatment methods. 
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Research on the biological 
treatment of industrial water 
with the simultaneous production 
of single-cell protein 

The objective of this two-year project is to 
investigate further a unique process com
bination, developed by the University of 
Pretoria, up to the point where the process 
can be applied practically. 
The process combination entails the selec
tion of an aseptic monoculture of a fila
mentous fungus Geotrichum candidum by 
means of acrossflow microstrainer method. 
The fungus is a good source of single-cell 
protein (also called microprotein) as well 
as other fine chemicals, while it has great 
potential for the purification of several 
industrial effluents, such as lignines, which 
are difficult to break down. The crossflow 
microstrainer selects the fungus according 
to sieve mesh so that bacteria and other 
organisms pass through and are washed 

A monoculture of Geotrichum 
candidum. 
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from the system before they can multiply. 
Survival of other bacteria is also discour
aged by decreasing the pH periodically. 
This research project has important appli
cation potential because of the resistance 
of the fungus to such chemical shocks, and 
its capability to handle difficult effluents, 
as well as the possibility to recover protein 
and fine chemicals from the fungus. 

Research on abattoir solid waste: 
Development and implementation 
of a treatment system 

Some 12 million animals are slaughtered 
annually at almost 300 abattoirs which 
results in approximately 80 000 t of kraal 
manure and 170 0001 of stomach contents. 
The Abattoir Corporation's share in this 
industry is of the order of 40 per cent and 
although the corporation processes a major 
part of it there are still about 27 000 t of 
manure which have to be disposed of un-
economically each year. 
The most common methods of disposal are 
to apply the manure to land to use it as a soil 
conditioner, to dump it at disposal sites or 
even to discharge it to sewers. These 
methods are unsuitable and unacceptable 
especially from a hygiene point of view. 
Furthermore, disposal costs are increasing 
while the number of disposal sites are 
decreasing. More acceptable methods of 
disposal are thus urgently required of which 
composting looks promising. 
This project will investigate various as
pects of composting such as for example 
mixing with sewage sludge, aeration, sta
bilisation and plant design. The project 
will be carried out by the Abattoir Corpo
ration over a period of one year. 

WATER ECONOMY AT 
POWER STATIONS 

In a coal-fired power station the conver
sion of thermal energy to electricity invari
ably involves the liberation of large quan
tities of waste heat. The conventional way 
of dissipating the waste heat to the environ

ment is to use it to evaporate water in a wet-
cooling tower. Although this wet-cooling 
technique is both efficient and cost-effec
tive, its water consumption is high and, 
moreover, the associated progressive con
centration of dissolved salts in the cooling 
tower water circuit can pose disposal prob
lems. 
An alternative approach is dry cooling, 
whereby the waste heat is directly dissi
pated to the atmosphere via an aircooled 
heat exchanger. The virtual elimination of 
water consumption means less depend
ency on water source proximity and thus 
greater freedom to site the power station at 
coal fields in relatively arid areas. A draw
back is the reduced overall efficiency caus
ing increased coal consumption, and it is 
thus necessary that dry-cooling systems be 
made to operate as efficiently as possible. 
To comply with the water conservation 
endeavours of the Department of Water 
Affairs, Eskom is introducing dry cooling 
at three of its new power stations. Both the 
Matimba power station, near Ellisras, and 
the Kendal power station at Kendal, are 
nearing completion, while the construction 
of the Majuba plant near Volksrust will 
commence shortly. The nominal power 
output of each of these power stations will 
exceed 3 600 MW, so that dry cooling is to 
be effected on a scale never attempted 
before. To broaden the necessary informa
tion base the Commission, in collaboration 
with Eskom, undertook to support research 
on the optimisation of dry and dry-wet 
cooling under local conditions. 
Since 1979, the Commission has been spon
soring research on the following: 
Q The effect of dry-cooling systems on 

the temperature of the surrounding 
environment. 

□ The effect of atmospheric conditions 
on the performance of dry-cooling 
towers. 

Q The potential of hot exit plume recircu-
lation in dry-cooling systems. 

□ The development of computer tech
niques for the evaluation and optimisa
tion of dry and dry-wet systems. 

REPORT ON COMPLETED 
PROJECTS 

Computer and laboratory 
optimisation studies on dry and 
dry-wet cooling 

The study, conducted by Eskom and the 
University of Stellenbosch, was primarily 
devoted to the development of computer 
programs to predict the effect of both sys
tem parameters and climatic conditions on 
the performance of dry and wet-cooling 
systems at power stations. To develop the 
computer programs the fundamental char
acteristics of such cooling systems had to 
be clearly understood. Accordingly, ex
tensive developmental mathematical and 
experimental modelling were done, and 
where possible, these were substantiated 
by supplementary tests conducted at power 
stations. The information so gathered was 
used to refine the computer models pro
gressively. 
The programs have been used by Eskom to 
check the performance of cooling towers at 
Kendal, Matimba and Duvha power sta
tions, respectively. Good agreement be
tween the computer predictions and the 
acceptance test results was obtained; in the 
case of Kendal the difference between the 
actual and the predicted outlet water tem
perature was only 0,06 °C. Because the 
operational fundamentals of dry cooling 
are now better understood the design of 
future cooling systems, for both the utility 
and the general industry, can be signifi
cantly improved. 

Model studies on the 
minimisation of hot air 
recirculation at dry and dry-wet 
cooling systems 

The water tunnel model studies, conducted 
by the CSIR, were aimed at establishing: 

D Whether the partial recirculation of hot 
air ejected by a dry-cooling system, 
when situated adjacent to the boiler 
house, could be reduced by moving the 
cooling system away from the boiler 
house. 
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A typical example ofbiocorrosion in a 
water feed-pipe which shows pitting. 
The top photograph presents a section 
through the pipe after the removal of 
corrosion products. 

Q Whether the starving of the cooling 
system's fans, due to transverse winds, 
is affected by the gap size between the 
cooling system and the boiler house. 

Q Whether in a hybrid design, incorporat
ing both dry and wet-cooling systems, a 
particular cooling system is adversely 
affected by the hot efflux from the other 
system located upwind to it. The inter-
system sitings envisaged for Majuba 
power station were simulated in this 
phase of the study. 

To assess the effect of gap size on hot air 
recirculation three gap settings were used. 
It was found that the smallest gap signifi
cantly reduced hot efflux recirculation, at 
all wind speeds in excess of 3 m/s, and that 
recirculation was only marginally decreased 
by further gap increases. 
It was also found that gap size had but little 
detrimental effect on fan starvation and 
that the benefit of reduced efflux recircula
tion far outweighs the negative effects of 
fan starvation. 

As regards inter-system interference, no 
evidence was found that a down-stream 
unit would entrain the hot efflux emanating 
from a cooling system sited upwind to it. 

Model studies on air flow 
patterns in mechanical draught 
air cooling systems at power 
stations 

Mathematical modelling of induced-
draught air-cooling systems, developed by 
the University of Stellenbosch to predict 
the performance of such units, indicates 
that a significant portion of the hot efflux 
air can be re-entrained under certain wind 
conditions. Recycling of hot efflux air, 
through cooler performance impairment, 
adversely affects power station efficiency. 
The CSIR was therefore contracted to es
tablish whether model studies conducted 
in their water tunnel were capable of vali
dating the University's analytical approach, 
and if so, to investigate quantitatively the 

48 



potential means of reducing efflux air recy
cling. 
In order to establish the credibility of water 
tunnel testing techniques a relatively inex
pensive simplified model simulating uni
form air flow over only the bank of heat 
exchangers was used. A streamlined ramp 
was installed upstream to the heat exchanger 
bank roughly to simulate the effect of the 
power station buildings which were omit
ted in this case. The simplified model 
revealed that there is a critical wind veloc
ity above which the efflux plume is de
flected downwards and the resulting vor
tex causes severe efflux recirculation, which 
is in keeping with the predictions of the 
analytical model. 
Having established the credibility of the 
water tunnel techniques a representative 
model, incorporating all power station struc
tures, was constructed and tested in order 
to establish more precisely the effect of 
both wind-speed and direction on the de
gree of re-entrainment of hot efflux air. 
Although it was found that the extent of 
efflux air re-entrainment is less severe than 
that registered for a simplified model, as 
much as 16 per cent of the efflux plume 
could still be re-entrained. In an attempt to 
reduce efflux plume recycling, the effect of 
the removal of the cladding between the 
boiler house and the heat exchanger bank 
was investigated. This modification dras
tically reduced efflux re-entrainment and 
was ascribed to the fact that air flow under
neath the heat exchanger bank reduced the 
severity of the recirculation vortex. 

As the introduction of a gap between the 
boiler house and heat exchanger bank could 
enhance air flow beneath the latter, the 
recommendation is that the potential bene
fits of such gaps be investigated in a fol
low-up project. 

DISCUSSION OF 1EW 
PROJECTS 
Research on the interaction 
between the atmospheric 
boundary layer and the natural 
draught cooling towers at Kendal 
power station 

The characteristics of the atmospheric 
boundary layer, such as temperature and 

wind velocity, significantly affect the per
formance of natural draught dry-cooling 
towers - hence the energy conversion effi
ciency of power stations incorporating such 
waste heat disposal systems. Details of the 
interaction between the atmospheric bound
ary layer and a dry-cooling system are 
important from a design point of view and, 
when coupled with information on the 
frequency and duration of specific atmos
pheric conditions they can also serve to 
validate the analytical models developed 
to predict the annual average performance 
of a power station. 
Kendal, one of South Africa's largest power 
stations under construction, offers a unique 
opportunity for studying the phenomena 
on an unprecedented scale. The CSIR, in 
collaboration with Eskom, was thus con
tracted to relate the performance of the 
cooling towers at Kendal to the spatial 
temperature and wind velocity profiles 
existing adjacent to the cooling tower. To 
establish the effect of waste heat dissipa
tion on the tower environment, similar 
profiles will also be determined at loca
tions far afield. The three-year project 
aims to establish what part of the stable 
boundary layer is entrained into the cool
ing tower; to determine the region of 
influence of the cooling tower under stable 
conditions and hence optimum inter-tower 
spacing; and to provide experimental data 
for use in the validation of the analytical 
model developed by the University of 
Stellenbosch in the completed project 
Computer and Laboratory Optimisation 
Studies on Dry and Dry-wet Cooling. 

Research on and evaluation of 
various factors affecting dry-wet 
cooling 

The completed project entitled Computer 
and Laboratory Optimisation Studies on 
Dry and Dry-wet Cooling, which aimed at 
developing computer programs suitable for 
predicting the performance of such cooling 
systems under different climatic condi
tions, identified a number of aspects war
ranting further study. 
The aim of this study, which is to be under
taken by the University of Stellenbosch in 

collaboration with Eskom, is to improve 
the understanding of the fundamentals rele
vant to dry and dry-wet cooling systems 
operating under local conditions, in order 
ultimately to effect refinement of the exist
ing performance evaluating computer pro
grams. The three-year project, involving 
both theoretical and experimental studies, 
will investigate aspects such as: 
Q steam flow, condensation, and insta

bilities in the condenser and dephleg-
mator; 

Q complex flow through fans subject to 
distorted inlet conditions; 

Q flow through heat exchangers and the 
effect thereon due to structures in close 
proximity; 

□ the effect of temperature inversions on 
the performance of cooling towers; 

O water spray pre-cooling of cooling air; 
and 

Q the supplementary action of evapora
tive coolers. 

The refinements to the computer programs 
will be validated by means of field tests 
conducted at Matimba and Kendal power 
stations. 

LIST OF RESEARCH 
PROJECTS 

COMPLETED PROJECTS 

□ Computer and laboratory optimisation 
studies on dry and dry-wet cooling 
(Eskom and the University of Stellen
bosch - Bureau of Mechanical Engi
neering) 

Q Model studies on air flow patterns in 
mechanical draught air cooling sys
tems at power stations (Eskom and the 
CSIR - Division of Earth, Marine and 
Atmospheric Science and Technology 
(EMATEK)) 

Q Model studies on the minimisation of 
hot air recirculation at dry and dry-wet 
cooling systems (Eskom and the CSIR 
- Division of Aeronautical Systems 
Technology). 
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CURRENT PROJECTS 

□ Research on thermal feedback caused 
by dry cooling at power generating 
stations (Eskom and the CSIR - Divi
sion of Earth, Marine and Atmospheric 
Science and Technology (EMATEK)) 

□ A national industrial water and waste-
water survey (NATSURV) (The De
partment of Water Affairs, and afirm of 
consulting engineers: Steffen, 
Robertson and Kirsten Inc.) 

□ Research into the treatment of wool 
scouring effluents (The University of 
Natal - Department of Chemical Engi
neering, a firm of consulting engineers: 
Steffen, Robertson and Kirsten Inc.; 
and Gubb and Inggs (Pty) Ltd) 

□ Research on chemical removal of 
sulphates (The University of Natal -
Department of Chemical Engineering) 

□ Transfer of waste-water management 
technology to the meat processing in
dustry (A firm of consulting engineers: 

Steffen, Robertson and Kirsten Inc. and 
the South African Abattoir Corpora
tion) 

□ Research on the effect of biocorrosion 
in water systems (The CSIR - Division 
of Water Technology) 

□ Research on the removal of colloidal 
matter from gas stripliquor by coagula
tion and flocculation (The University of 
Pretoria - Department of Water Utilisa
tion Engineering) 

□ Research on solids-liquid separation in 
biological systems (The University of 
Cape Town - Department of Chemical 
Engineering) 

□ Research on pelletisation in upflow an
aerobic sludge bed (UASB) systems 
(The University of Cape Town - De
partment of Civil Engineering) 

NEW PROJECTS 

□ Research on the interaction between 
the atmospheric boundary layer and the 

natural draught cooling towers at Ken-
dal power station (Eskom and the CSIR 
- Division of Earth, Marine and Atmos
pheric Science and Technology) 

Q Research on and evaluation of various 
factors affecting dry-wet cooling 
(Eskom and the University of Stellen-
bosch - Bureau of Mechanical Engi
neering) 

□ Research on the biological treatment of 
industrial water with the simultaneous 
production of single cell protein (The 
University of Pretoria - Department of 
Chemical Engineering) 

Q Research on biological techniques for 
the treatment of pulp bleaching effluent 
(Sappi Management Services) 

Q Research on the dewatering of com
pressible filter cakes (The University of 
Natal - Department of Chemical Engi
neering) 

□ Research on abattoir solid waste: De
velopment and implementation of a 
treatment system (The Abattoir Corpo
ration) 
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DRINKING WATER 

RINKING water is essential 
for man and therefore its 
quality has to be such that it 
will not have a detrimental 

effect on his health. The user 
is entitled to water of a high quality which 
can be described in general as water which 
does not contain pathogenic organisms and 
which is aesthetically acceptable. It has to 
be clear and colourless and must have an 
acceptable odour and taste. Drinking wa
ter therefore has to comply with certain 
standards and consequently guidelines or 
standards for drinking-water quality exist 
world-wide as well as in South Africa. 
The WRC undertakes various research 
activities relating to drinking water. The 
overall aim of the research is to gain knowl
edge of all aspects of drinking-water qual
ity and to support the development of the 
technology necessary for water treatment, 
in order to ensure that water which does not 
pose a health risk and which complies with 
the necessary quality criteria is supplied to 
the consumer at a reasonable price. 
A major responsibility rests on the water 
consumer. As there is considerable com
petition in South Africa for its limited 
water sources, water should be used spar
ingly and wastage should be eliminated. 
The WRC also supports a number of re
search projects in this regard. 
The emphasis of this research falls on the 
following: 
Q development of the necessary water 

treatment technology; 
□ drinking-water quality and health as

pects (which include the location and 
concentration of contaminants, the in
fluence of water quality on man, and 
obtaining information which can con
tribute towards the establishment of 
quality criteria); and 

□ aspects relating to urban and rural water 
supply. 

The WRC supported 23 projects in the 
above regard during the year, of which 
three were completed and four commenced. 

WATER TREATMENT 

REPORT ON A COMPLETED 
PROJECT 

An exploratory study into the 
efficiency of drinking water 
treatment in South Africa 

The objectives of this investigation, which 
was carried out by the University of Cape 
Town, were to identify problems and to 
rank the research needs in potable water 
treatment processes in South Africa. The 
investigation was effected via visits to major 
water supply authorities and treatment 
works. 

The principal problems identified were the 
removal and control of algae; intermittent 
changes in raw water quality giving rise 
inter alia to tastes and odours; dewatering 
and disposal of inorganic sludges; corro
sive and aggressive attack in reticulation 
systems; inadequacies and/or conserva
tism in design; and control and manage
ment problems related to watercatchments. 
The most important research needs to re
solve these problems were identified as the 
development of measures for algal control 
and removal, development of economical 
treatment strategies to deal with intermit
tent problems related to changes in raw 
water quality and strategies for sludge 

Funding of research on Drinking 
Water expressed as a percentage of 
total WRC research expenditure 
(1980 to 1989). 

Funding of research on Drinking Water 

fa 9 
■ * * 

'c 
B 
V & 
X 
V 

30 

20 

2 M 8 24.67 

19,75 

w 
fa <s <u 
<y 
in 

11,14 

I 
0 

10 
6 ' 5 8 5,75 525 5,95 

4,08 

6,89 

0 s 

0 

1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 

51 



control and disposal. There is an urgent 
need for manuals of practice on water treat
ment processes applicable to South Africa. 

DiSCUSSlOl OF 1EW 
PROJECTS 

The evaluation of full-scale 
flotation-filtration and chlorine 
dioxide plants 

The incidence of algal growth in surface 
water sources creates considerable prob
lems in the treatment of water sources for 
drinking-water puiposes. The major prob
lems centre on the efficient removal of 
algae, the formation of chlorinated com
pounds during disinfection with chlorine, 
as well as odours and tastes in the water. 
All the above-mentioned problems are to a 
greater or lesser degree experienced by the 
OFS Gold Fields Water Board at its 
Balkfontein plant. In order to try to over
come these problems, the Board decided to 
adjust one of the modules of the plant in 
such a way that chlorine dioxide instead of 
chlorine could be used for oxidation and 
disinfection, as well as to modify one of the 
sand filters by fitting a flotation unit in its 
top. The operation of this full-scale unit 
can now be compared directly with the 
conventional units which are operated in 
parallel. 
The contribution of the WRC to this two-
year agreement with the OFS Gold Fields 
Water Board only relates to the incidence 
and identification of algae in the various 
stages of the process, as well as to other 
aspects of water quality. These investiga
tions are being conducted by the Univer
sity of the Orange Free State. 

The development of a 
combination of sedimentation, 
flotation and sand filtration 
processes for water treatment 

This two-year project will be carried out by 
the CSIR. The aim of the project is to 
obtain parameters for the design of a sedi
mentation/dissolved air flotation water-

_L_:~s ' ■ 

works for the effective purification of en
riched surface waters which can contain 
both light and heavy suspended matter at 
different times of the year. The Sedidaff 
pilot plant of the Division of Water Tech
nology will be used for this purpose. This 
unit integrates co-current inclined plate 
presedimentation with dissolved air flota
tion and sand filtration in a unit. 

:!Sf mm 

The 24m'Id Sedidajf pilot plant ofDWT. 

The intake tower of the 
Balkfontein plant of the OFS Gold 

Fields Water Board. 
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DRINKING-WATER 
QUALITY A I D HEALTH 
ASPECTS 

During the year a CRD Committee for 
Water Quality and Health Aspects was 
established. 

CRD COMMITTEE FOR WATER 
QUALITY AND HEALTH 
ASPECTS 

The Committee representing a wide spec
trum of interested organisations, will iden
tify problems and research needs in the 
field of water quality and health aspects, 
draw up a master research plan, and make 
decisions regarding research priorities. 
These activities will assist in addressing 
research in this field more effectively on a 
priority basis. 

REPORT ON COMPLETED 
PROJECTS 

Research on the health 
implications of the intake of 
chemical contaminants by man 

During 1985 the WRC reached an agree
ment with the University of Cape Town to 
support a Ph.D. study dealing with the 
toxicological effects of pesticides used in 
the RSA. The specific aspect supported by 
the WRC was a study of the health implica
tions of the intake of certain contaminants 
in food, such as pesticides. 
In the study the first aim was to determine 
the composition of the diet of Whites in the 
RSA. This information enabled the compi
lation of any imaginary diet. The study 
indicated that the diet consists of 11 major 
groups, inter alia fish, meat, dairy prod
ucts, eggs, vegetables, fruit, drinks, soup, 
etc. The 11 major groups in turn consist of 
142 different food items. 

In order to make the study as representative 
as possible samples of the 142 items were 

purchased directly from retail traders in the 
RSA at 13 centres (7 cities and 6 rural 
towns). The samples were collected on the 
same day during the four seasons to deter
mine seasonal distribution. A total of 5 538 
samples were thus collected and sent to 
Cape Town for chemical analysis. Pesti
cide residues were determined, concentrat
ing on the organo-chlorine and the organo-
phosphate compounds. 
Residues of only four pesticides were found, 
namely DDT, dieldrin, dichloran and an 
organophosphate, merkaptotion. Residues 
were found in eight of the eleven food 
groups. The concentrations were, how
ever, still far lower than the world-ac
cepted acceptable daily intake (ADI) and 
therefore compared favourably with over
seas results. 
The final conclusion was that chronic 
exposure to these residues in the RSA is 
negligible and this also confirms the suc
cess of the control measures instituted by 
the State for these substances in the RSA. 
Incidences of death can be attributed to 
exposure to toxic concentrations of those 
substances, which is normally the result of 
negligent handling. 
During this study a model was developed 
which will make it possible to determine 
the extent of the exposure to a contaminant, 
if the composition of the diet is known. In 
the study a diet was established for Whites 
but not for Blacks or Asians. Nevertheless, 
the basic information is now available and 
can be utilised to calculate, for example, 
the contribution of drinking water. 

An investigation into the 
occurrence and concentration of 
trihalomethanes and their 
precursors in South African 
drinking water 

Trihalomethanes (THM) are halogenated 
organic compounds which result from the 
disinfection of water with chlorine. These 
compounds are of importance as they 
constitute a risk to the health of the user. 
The project which was carried out by the 
CSIR, was aimed at quantifying the extent 
of the problem, which could also make a 
contribution should quality criteria for these 

compounds be developed. It was found 
that the average THM concentration in the 
drinking-water samples was 45 \\g/d and 
that only four of the forty samples collected 
throughout the country over a period of two 
years, contained in excess of 100 iig/f. The 
criteria for THM differ from country to 
country and the incidence and concentra
tion of THM in drinking water in South 
Africa compares very favourably with for 
example the criterium of 100 u.g/£ set by 
the USA. 

DISCUSSION OF A NEW 
PROJECT 

Research on human viruses in 
water 

The WRC entered into an agreement with 
the University of Pretoria during the year in 
terms of which it will carry out a project on 
human viruses in water over a period of 
three years. 
Viruses play an important part in water-
borne diseases - it is, however, difficult to 
determine the exact extent thereof. Meth
ods used up to now for the determination of 
viruses, cannot be used to determine vi
ruses which are mainly spread by water and 
can therefore only serve as indicators. 
The main objective of the project is to 
develop new technology for the practical 
and reliable evaluation of the virological 
quality of water. It is also envisaged to 
develop less expensive and more practical 
methods for the culture of viruses in cell 
cultures. Attempts will also be made to 
increase the sensitivity of culture methods 
by making use of cell cultures not previ
ously utilised for this purpose. The devel
opment of less expensive and more effec
tive methods for the isolation of viruses 
from water will also receive attention. 
Lastly the new technology will be evalu
ated and applied in practice. 

LIST OF RESEARCH 
PROJECTS 

COMPLETE! PROJECTS 
Q An exploratory study of the efficiency 

of drinking-water treatment in South 
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Africa (The University of Cape Town -
Department of Civil Engineering) 

□ An investigation into the occurrence 
and concentration of trihalomethanes 
and their precursors in South African 
drinking water (The CSIR - Division of 
Water Technology) 

□ Research on the health implications of 
the intake of chemical contaminants by 
man (The University of Cape Town -
Department of Zoology) 

CURRENT PROJECTS 

□ Technological development of water 
reclamation on the basis of the Wind
hoek plant (The Municipality of Wind
hoek and the CSIR - Division of Water 
Technology) 

□ Research on dissolved air flotation for 
the treatment of eutrophied surface 
water for potable use (The CSIR -
Division of Water Technology) 

Q The construction and operation of the 
Cape Flats prototype water reclama
tion plant and the surveillance of re
claimed water quality (The Municipal
ity of Cape Town) 

□ A comparative study on chlorine diox
ide and other oxidants in potable water 
treatment (The Western Transvaal Re
gional Water Company, the CSIR -
Division of Water Technology; and 
Floccotan (Pty) Ltd) 

□ Research on a combined flotation-pow

dered carbon process for potable water 
treatment (The CSIR - Division of Water 
Technology) 

□ Research on the isolation and identifi
cation of mutagens in drinking water 
(The CSIR - Division of Water Tech
nology) 

□ Research on the assessment of water 
quality problems due to microbial 
growth in drinking-water distribution 
systems (The CSIR - Division of Water 
Technology) 

□ Research on the effects of reduced water 
consumption on domestic sewer sys
tems (CSIR - Division of Building 
Technology) 

Q Research on ground-water abstraction 
in residential areas (CSIR - Division of 
Building Technology) 

Q Research on the flow rate and pattern of 
water consumption and unaccounted-
for water in urban areas (The Univer
sity of Pretoria - Department of Civil 
Engineering and the City Council of 
Pretoria) 

Q Research into water loss analysis on 
municipal water distribution systems 
(Castle Brass Holdings (Pty) Ltd and 
the Johannesburg City Council) 

□ Research on the development and test
ing of data-logging equipment for the 
monitoring of water consumption pat
terns (CSIR - Division of Building 
Technology) 

□ Research on epidemiological surveil
lance of potential changes in drinking-
water quality (The University of Cape 
Town - Department of Community 
Health) 

Q Research on the possible chronic health 
effects of consumption of reclaimed 
water on the consumers at Windhoek 
(The South African Institute of Medi
cal Research) 

□ Research on the effects of varying water 
quality on the corrosion of different 
pipe materials in the PWV/Klerksdorp 
areas (The CSIR - Division of Materi
als Science and Technology) 

□ Research on the preparation of 
guidelines on cost-effectiveness of rural 
water supply and sanitation projects 
(The CSIR - Division of Water Tech
nology) 

NEW PROJECTS 

Q The evaluation of full-scale flotation-
filtration and chlorine dioxide plants 
(The OFS Gold Fields Water Board) 

Q The development of a combination of 
sedimentation, flotation and sand fil
tration processes for water treatment 
(Sedidaff) (The CSIR - Division of 
Water Technology) 

□ Research on human viruses in water 
(The University of Pretoria - Depart
ment of Medical Virology) 
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TREATMENT TECHNOLOGY 

ATER needs to be de
salinated for two main 

reasons: 
□ To produce good qual

ity drinking water from 
brackish or sea water. Various meth
ods of desalination, such as distillation, 
reverse osmosis, ion exchange orelec-
trodialysis, may be used to achieve this. 

□ To remove any dissolved salts from ef
fluents to prevent the pollution of po
table water sources and the general 
water environment. This may be 
achieved by distillation, electrodialy-
sis, freeze desalination or chemical pre
cipitation. 

Reverse osmosis, which is a pressure-driven 
process, is being used increasingly for the 
production of potable water because it uses 
considerably less energy than distillation. 
The technique of electrodialysis is used 
mainly for the desalination of effluents. It 
is an electrically-driven process which is 
capable of removing ionised materials from 
solution. 

Over the past fifteen years the WRC has 
been supporting research into locally de
veloped membranes used for reverse os
mosis and ultrafiltration. This has led to 
the establishment of a local manufacturing 
industry for desalination equipment with 
concomitant savings in import duties. 
The characteristics of municipal and in
dustrial effluents may vary over a wide 
spectrum, hence the removal of dissolved 
salts from such effluents remains a very 
serious problem that needs urgent atten
tion. 

The Commission is currently engaged in 
several projects dealing with the desalina
tion of various types of effluent emanating 
from mining operations and a variety of 
industrial activities. 

SYMPOSIUM 

During November 1989 the Commission 
organised the second symposium of the 
South African Membrane Separation In
terest Group (SAMSIG) held at Wilder
ness to discuss research and development 
work on membranes. Aspects discussed 
included membrane fouling and suitable 
cleaning procedures, feed water pretreat-
ment, membrane regeneration and replace
ment and a variety of case studies dealing 
with the application of membranes in the 
desalination of water in different indus
tries. 
In this chapter two main areas of treatment 
and technology are addressed, viz. desali
nation and membrane development. 

DESALINATION 

DESALINATION OF MINE 
WATER 

The daily underground water consumption 
by the gold mining industry is of the order 
of 4 000 MS and this mine service water is 
used essentially for dust suppression, the 
watering down of working areas, water 
jetting and underground cooling. Drained 
service and saline fissure water collected 
underground form the major source of mine 
service water. Being of poor quality the 
collected water is usually treated prior to 

Funding of research on Treatment Technology expressed as a percentage of 
total WRC research expenditure (1980 to 1989). 
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being recirculated as service water. How
ever, due to the harsh conditions prevailing 
underground the treated water is often still 
of relatively poor quality, and its use gives 
rise to problems such as erosion, corrosion, 
fouling and scale formation in equipment. 
The resulting cost to the gold mining indus
try is estimated to be around R300 million 
per year. 

To limit the detrimental build-up of dis
solved salts, mines are currently adding 
good quality potable water to the mine 
service water. The cost and limited availa
bility of potable water, together with pres
sure from the public and authorities for 
better control of the quality and quantity of 
discharged water to the water environ
ment, are causing the industry to step up the 
reuse of mine water wherever practically 
feasible. As this implies improved waste-
water treatment, the Chamber of Mines, 
with WRC assistance, has embarked on an 
extensive programme to establish the 
techno-economics of suitable potential 

The slurry precipitation and 
recycle reverse osmosis 

(SPARRO) pilot plant. 
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processes. The Chamber of Mines has 
decided that the following two treatment 
processes warrant investigation: 
Q the electrodialysis reversal process, suit

able for water having a relatively low 
calcium sulphate content; and 

Q the slurry precipitation and recycle re
verse osmosis or SPARRO process, 
capable of treating waters high in cal
cium sulphate content. 

Pilot-plant studies on the 
desalination of underground mine 
water with electrodialysis 
reversal (EOR) 

The Chamber of Mines erected a 1,6 i/s 
EDR pilot plant at the Beatrix Gold Mining 
Company to establish the following: 
□ whether EDR is a technically viable de

salination process for brackish type 
mine water; 

Q the levels of product water recovery 
and salt rejection attainable; 

□ the pretreatment requirements to en
sure adequate plant performance; 

□ the extent of membrane fouling and 
scaling that may occur; and 

□ the techno-economic implications. 

After 5 900 h of continuous testing it was 
possible to decide on consecutive feed-
water pretreatment steps. Under these 
specified pretreatment conditions the plant 
achieved a product water recovery and an 
average salt rejection of 84 and 80 per cent 
respectively. The level of total dissolved 
solids of the product water averaged 637 
mg/£? rendering it suitable for use in hydro-
power systems, for discharge to the envi
ronment and for human consumption if 
appropriate disinfection is applied. 
No excessive membrane deterioration was 
evident and membrane life was estimated 
at four and seven years for anion and cation 
membranes respectively. The data ob
tained during the study were sufficient to 
enable realistic cost estimates to be made 
for full-scale plants. 

MEMBBANE 
DEVELOPMENT 

Different types of membranes have been 
developed by the University of Stellen-
bosch and the University of Natal with 
financial support by the WRC, for use in 
reverse osmosis, ultrafiltration, electrodi
alysis and crossflow microfiltration pro
cesses. 
Research and developments on membranes 
at Stellenbosch have reached an advanced 
stage where specific applications of novel 
membranes are being investigated. For 
this purpose the WRC has instituted a 
subcommittee of the Steering Committee 
which deals with the development of 
membranes, specifically to handle the 
application of locally developed mem
branes to purify industrial effluents such as 
those emanating from Sasol, Eskom, the 
paper and pulp industry and the mining 
industry. The study in connection with the 
mining industry is being conducted in col
laboration with the Chamber of Mines 
Research Organisation. 



DISCUSSION OF NEW 
PROJECTS 

Technical support for the 
application of dynamic 
membrane plants for the 
treatment of industrial effluents 

Some textile effluents such as those from 
wool-scouring mills are extremely diffi
cult to treat to an acceptable standard for 
discharge to the environment. Others, such 
as dyeing effluents, cause colour problems 
in water streams used as a drinking-water 
source, even if the effluent has been treated 
beforehand by a sewage treatment plant. 
The relatively newly developed dynamic 
membrane process is very suitable where 
high temperatures as well as high pressures 
are required to accomplish separation be
tween the liquid and solids phases of indus
trial effluents. Currently there are three 
plants in South Africa where this process is 
being applied, viz. for the purification of 
wool-scouring effluents, dyeing effluent 
from a textile factory and the purification 
of the effluent from a factory manufactur
ing synthetic paints. 
Because this is the first application of such 
a process, teething problems are to be 
expected. This two-year project is there
fore being undertaken to provide technical 
support for the application of membrane 
plants for the treatment of industrial efflu
ents. 

The development of low-cost 
ultrafiltration systems 

This project has been initiated in terms of a 
one-year agreement between the WRC and 
Bintech (Pty) Ltd. 
The development of low-cost, tubular ul
trafiltration modules is aimed at reducing 
the cost contribution of membranes to the 
capital cost of ultrafiltration systems. This 
is achieved by eliminating the usual sup
port structure of tubular membranes by 
means of a reduction in the tube diameter 
so that the tubes are self-supporting. Such 
unsupported tubular modules can bring 
about a 65 per cent reduction in the cost of 

ultrafiltration systems. The operating cost 
of the system may also be reduced since 
less energy is required to attain identical 
tube flow velocities in the smaller diameter 
tubes. 
This novel tubular ultrafiltration system is 
able to produce good quality pure water 
from sources such as dams, boreholes and 
rivers at a cost comparable to that of car
tridge filtration. The system also finds 
application in the anaerobic digestion-ul-
trafiltration (ADUF) process which in
volves a combination of anaerobic diges
tion and ultrafiltration as a means of bio-
mass separation. 

Evaluation of membrane 
technology for electroplating 
effluent treatment 

This project will be carried out by the CSIR 
over a period of two years. The annual 
water consumption of the electroplating 
industry is in excess of 9 x 106m3, or ap
proximately 1 per cent of the water con
sumed by all industries in the RS A. Of the 
water used by the electroplating industry 
approximately 80 per cent is later dis
charged as effluent containing a wide vari
ety of heavy metals such as nickel, copper, 
zinc, cadmium, chromium and silver. These 
heavy metals may adversely affect biologi
cal treatment processes and soils treated 
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with sewage sludges or destroy flora and 
fauna in surface water sources, or increase 
the total dissolved solids of the water envi
ronment. Expensive metals and water may 
be recovered from electroplating effluents 
by means of desalination techniques mak
ing use of suitable membranes. 

LIST OF ftESEARCH 
PROJECTS 

COMPLETED PROJECT 

□ Pilot-plant studies on the desalination 
of underground mine water with electro-
dialysis reversal (EDR) (The Chamber 
of Mines Research Organisation) 

CURRENT PROJECTS 

Q Research on the feasibility of reverse 
osmosis for water reclamation on large 
scale (The Municipality of Port Eliza
beth, the CSIR - Division of Water 
Technology, and Bintech (Pty) Ltd) 

Q The development of low-cost ultrafil-
tration modules (Bintech (Pty) Ltd) 

Q Research on membrane development 
and fabrication for reverse osmosis and 
ultrafiltration (The University of 
Stellenbosch - Institute for Polymer 
Science) 

Q The development offixed and dynamic 
membrane systems for the treatment of 
brackish water and effluents (The Uni
versity of Stellenbosch - Institute for 
Polymer Science) 

Q Research on the development of poly
mers for the formation of dynamic 
membranes and the evaluation thereof 
for the treatment of industrial effluents 
(The University of Natal - Department 
of Chemical Engineering; the Univer
sity of Stellenbosch, and the CSIR -
Division of Water Technology) 

□ Research on design criteria for cross-
flow microfiltration (The University of 
Natal - Department of Chemical Engi
neering) 

Q Research on the treatment of inorganic 
brines (The University of Natal - De
partment of Chemical Engineering) 

□ Research on the concentration of in
dustrial effluents with sealed-cell elec-
trodialysis (The CSIR - Division of 
Water Technology) 

Q The development of seeded reverse os
mosis technology (The Chamber of 
Mines, Iscor, and Bintech (Pty) Ltd) 

NEW PROJECTS 

Q The development of low-cost ultrafil
tration systems (Bintech (Pty) Ltd) 

Q Evaluation of membrane technology 
for electroplating effluent treatment 
(The CSIR - Division of Water Tech
nology) 

Q Technical support for the application of 
dynamic membrane plants for the treat
ment of industrial effluents (The Uni
versity of Natal - Department of Chemi
cal Engineering) 

58 



CONSERVATION OF ECOSYSTEMS 
HE WRC has, since its incep
tion, either directly or indi

rectly, contributed towards the 
ecological aspects of water re
search. In recent years pressure 

has steadily mounted for more direct and 
pertinent funding in the research sphere of 
water quantity and quality requirements to 
maintain the ecology. Furthermore, during 
the year under review, the WRC was in
vited to participate in the Kruger National 
Park Rivers Research Programme. 
This research programme has its origin in 
the fact that water resources of some of the 
perennial rivers draining eastwards through 
the Kruger National Park (KNP) into 
Mozambique are barely adequate to meet 
existing demands. Of concern at present is 
the issue of allocating water in a rational 
manner to the numerous economic user 
sectors within these catchments. The KNP, 
one of the world's foremost conservation 
areas and an important contributor to the 
country's tourist industry, is recognised as 
one of these user sectors to which water 
must be allocated. However, water re
source managers have recognised that South 
African knowledge and expertise in as
sessing minimum flow requirements of 
river systems is at present far too. limited 
for concrete decisions to be made on water 
allocations to the KNP rivers as demands 
for water increase. 
In March 1987 the Department of Water 
Affairs convened a workshop at which the 
water requirements of the KNP were dis
cussed. The workshop concluded that rela
tionships between water availability and 
ecosystem quality and functioning were 
almost completely lacking. It was there
fore motivated that a co-operative mul-
tidisciplinary research programme should 
be initiated urgently. A small group of spe
cialists subsequently met to compile a 
document which would incorporate the 
philosophy, goals and objectives of such a 
programme. 

This document was submitted to the execu
tives of certain Government and statutory 
agencies (the WRC, Department of Water 
Affairs, Department of Environment Af
fairs, National Parks Board and the CSIR) 
who unanimously supported the concept of 
initiating a full-scale research programme 
to assess the water requirements of the 
KNP. 

The aim of the programme is to develop the 
means to predict the impact on KNP river 
systems of changing flow regimes and water 
quality as the basis of a protocol for man
aging the allocation of water for ecological 
purposes. 
The objectives of the programme are to: 
□ define and evaluate scientific informa

tion pertinent to the allocation of water 
to the KNP; 

Q develop the appropriate expertise for 
managing water allocation for ecologi
cal puiposes; 

Q develop and maintain the necessary 
inter-institutional co-operation and 
communication; 

Dr Andrew Deacon, freshwater 
ecologist of the Kruger National 
Park, pointing out some interesting 
aspects of a small pool of water in 
the Sand River to Dr Peter Reicl 
(WRC). 



□ define and initiate research in priority 
areas; 

□ secure and make recommendations on 
funding requirements; and 

Q ensure the appropriate documentation 
of research findings. 

The programme is co-ordinated by a com
mittee of executives of the Foundation for 
Research Development, the Department of 
Water Affairs, the Department of Environ
ment Affairs, the National Parks Board and 
the WRC. It is managed by a working 
group of specialists. The working group 

will be concerned with planning the pro
gramme, implementing management ac
tions and co-ordinating activities. 
Thus far thirteen main fields of research 
have been identified as priority areas re
quiring attention. It is envisaged that some 
of the required research will commence in 
1990. Dr PCM Reid, a research manager 
at the WRC, has been appointed programme 
manager. 
With the above in mind 1989 saw, for the 
first time, a WRC call for research propo
sals, for the post-1989 period, in the specific 

sphere of the ecological aspects of water 
research. The response was overwhelming 
and should funding of some of these pro
jects be approved for the post-1989 period, 
exciting, interesting and high-priority re
search will be undertaken. Furthermore, in 
anticipation of possible WRC funding of 
some of these projects, various meetings 
and workshops were held during 1989, 
with research ecologists, in order that pri
orities could be identified and possible 
research proposals finalised on a co-ordi
nated basis. 
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SOCIO-ECONOMIC STUDIES 
ON THE EFFECTS OF WATER 

RESTRICTIONS 

HE imposition of water re
strictions during periods of 

drought is a common practice 
world-wide. In the Republic of 
South Africa (RSA) it is also an 

important measure which is applied when 
it becomes clear that available water sup
plies, at the normal rate of consumption, 
will not meet the demand over a realistic 
period. As such situations occur almost 
regularly, it is a prerequisite that the opera
tion and extent of the restrictions will be of 
such a nature that unacceptable economic 
losses or the undesirable lowering of the 
quality of life will not be incurred. 
When the water restrictions were imposed 
in large parts of the RSA between 1983 and 
1987 the position was, however, that little 
information was available on the exact 
socio-economic and financial consequences 
of water restrictions. The restrictions dur
ing the said period therefore provided the 
ideal opportunity for extending the state of 
knowledge in this field. Hence research 
agreements were concluded with three 
research organisations in terms of which 
the consequences of the restrictions for the 
period March 1983 to March 1985 in the 
following water supply systems would be 
investigated: 

□ Ngagane River Government Water 
Scheme, Natal 

Q Mgeni catchment area, Natal 
□ Vaal River system, excluding tributar

ies of the Vaal River 
Q Riet River Government Water Scheme, 

OFS 
□ Vaalharts Government Water Scheme, 

Cape Province. 
In the 1987 and 1988 WRC Annual Reports 

an account has been given already on the 
sections of the investigation which were 
carried out by the Bureau for Market Re
search of the University of South Africa 
and the Institute for Social and Economic 
Research of the University of the Orange 
Free State. The report by the third research 
organisation, the Centre for Applied Social 
Studies of the University of Natal, was 
submitted during 1989. For various rea
sons the investigation was conducted sec-
torally and not geographically, and the 
sectors which were investigated comprised 
local authorities, selected industries, and 
trade organisations, as well as otherprivate 
organisations. 
As indicated earlier the three above-men
tioned projects investigated the effects up 
to March 1985, and as the remaining water 
restrictions were only lifted in September 
1987, a period of approximately 30 months 
remained for which the consequences of 
the water restrictions had not been deter
mined. In 1989 therefore a further agree
ment was reached with the University of 
the Orange Free State to investigate this 
period as well. This should tentatively 
conclude the research on this aspect. 

1EP0RT 0 1 A COMPLETE! 
PROJECT 

The socio-economic 
consequences of water 
restrictions on industries and 
local governments 

This research project which was conducted 
by the Centre for Applied Social Studies of 

the University of Natal had the following 
objectives: 
Q to determine the extent and quantitative 

effects of the water restrictions, as 
experienced by local governments, trade 
and industry; 

Q to investigate the financial, technical 
and social problems resulting from 
water restrictions on local authorities, 
trade and industry, as well as the wider 
implications of these problems; 

□ to compare the different techniques 
which had been implemented to reduce 
water consumption; and 

□ to gather and report comments and sug
gestions by local authorities, trade and 
industry in connection with water re
strictions and the enforcement thereof. 

The research approach which was followed 
in this project differed markedly from that 
followed by the other two research orga
nisations, in that a qualitative instead of a 
strictly quantitative approach was followed. 
Local authorities which had not recorded 
the effects and consequences of water re
strictions to the same extent; their willing
ness to co-operate; their personnel avail
able to assist in the investigation; as well as 
a wide variety of technical complexities 
prompted this research approach. 
The investigation revealed that, in general 
terms, consensus could not always be 
reached on the value of water restrictions 
as a water economy measure. Some theo
ries and observations voiced by local au
thorities were contradictory. It was, how
ever, clearly evident that it is imperative 
for all future water restriction measures to 
be co-ordinated well and from a central 
point. Such co-ordination has to take place 
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after thorough consultation and with due 
allowance for the autonomy of the local 
authorities concerned. Strategies have to 
be spelt out clearly and feedback must be 
accurate and trustworthy at all times. 

D1SCUSSI0I OF A NEW 
PROJECT 

The determination of the socio-
economic and financiai implica
tions of water restrictions since 
1983 up to its annulment in 1987 

In the research which was concluded in the 
completed projects as stated above, a full 
account had been given already of the con
sequences of the water restrictions which 
had been in force in Natal. In the other 
areas included in this investigation the 
period March 1985 to September 1987 
had, however, not been included in the 
previous investigation. This follow-up 

research project, which will be conducted 
over a period of eighteen months by the 
Department of Agricultural Economics of 
the UOFS, therefore has the overall objec
tive to determine the total socio-economic 
and financial implications of water restric
tions for the Vaal River System, the Riet 
River Government Water Scheme and the 
Vaalharts Government Water Scheme. This 
being the point of departure, the sub-objec
tives are: 
Q to give a qualified and/or descriptive 

explanation of the total nature and ex
tent of the palpable and non-palpable 
implications of water restrictions; and 

□ to determine the relationship between 
the nature and extent of water restric
tions and the consequences thereof for 
the different sectors. 

It is envisaged that the information which 
is being gathered during this final investi
gation will be of great value in the planning 
and/or upgrading of water supply systems. 

This will ensure that the enforcement of 
water restrictions in the future will take 
place in such a way that the quality of life 
will not be affected unacceptably. 

LIST OF RESEARCH 
PROJECTS 

COMPLETED PROJECT 

Q Research on the socio-economic ef
fects of water restrictions on industries 
and local governments (The University 
of Natal - Centre for Applied Social 
Studies) 

NEW PROJECT 

□ The determination of the socio-eco
nomic and financial implications of 
water restrictions since 1983 up to its 
annulment in 1987 (The University of 
the Orange Free State - Department of 
Agricultural Economy) 
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RESEARCH SUPPORT SERVICES 

THE HYDROLOGICAL 
INFORMATION SYSTEM (HIS) 

The development of the Hydrological In
formation System (HIS) by the Depart
ment of Water Affairs is receiving assis
tance from the WRC on two main aspects: 
□ system development on the mainframe 

(software development); and 

Q capture of historic data collected before 
1980. 

By the end of 1989 all water level meas
urements taken in South African rivers 
between 1910 and 1989 had been dig
itised. The completion of the necessary 
discharge tables to relate water level to 
flow also progressed satisfactorily. This is 
a milestone in the project that could have 
been achieved only with a major 
increase in productivity of the data-cap
turing team. 

At the same time the accessibility of the 
data bank has been made more user-friendly 
for both direct and indirect access users. 
As the HIS becomes more complete and 
more well-known, a steady increase in user 
demand is expected. It is therefore envis
aged that system development will con
tinue in the future, well beyond the end of 
the present agreement between the Depart
ment of Water Affairs and the WRC. 

Regarding the National Ground-water Data 
Base, which forms an integral part of the 
HIS, compatibility between the mainframe 
and the PC-based HYDROCOM has been 
achieved as far as both off-loading and 
uploading of data are concerned. The same 
kind of data exchange is planned for the 
other data banks in the HIS, namely: 
streamflow, reservoir data, evaporation and 
water quality. Considerable progress has 
been made with the integration of these 
separate data banks. 

THE COMPUTING CENTRE 
FOR WATER RESEARCH 
(CCWR) 

In 1986, the WRC in collaboration with 
ISM (Pty) Ltd (then still IBM (SA)(Pty) 
Ltd) and the University of Natal, estab
lished the Computing Centre for Water 
Research (CCWR) which is a numeric 
information system. The mission of the 
CCWR is: 
"To support water research in South Africa 
by providing a national, computer-based 
information system which will: 
Q enhance the transfer of data and results; 
Q provide a facility for multi-disciplinary 

research; and 
□ provide alternative computerfacilities." 

Funding of Research Support 
Services by the WRC for 1980 to 
1989. 

Funding of Research Support Services 
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The objectives of the CCWR are: 
□ The provision of a national facility for: 
Q the enhanced transfer of data and other 

information between supply organisa
tions and researchers; 

□ the development of appropriate data 
products and the provision of these to 
researchers; 

□ the provision of appropriate software 
for water research purposes; and 

Q the enhanced transfer of research re
sults between researchers and end-user 
organisations. 

Q The provision of a facility whereby 
multi-disciplinary, multi-organisational 
research can be undertaken by people 
in different organisations throughout 
the country. 

□ The provision of enhanced and/or alter
native computing and computer graph
ics capabilities for water researchers 
throughout South Africa. 

The CCWR is accessible to scientists at all 
research institutions in the country through 
one or more of the following routes: 
□ UNINET which is a joint computing 

network among certain research coun
cils, universities and other organisa
tions. Users at these institutions have 
access from terminals which are con
nected to their local networks and also 
to UNINET. 

□ CSIRNET which is an asynchronous 
countrywide network of the CSIR. A 
number of institutions have been con
nected to this network for some time. 

□ Dial-in access through network ports at 
several major centres is also available. 

□ The CCWR has developed a link to 
GOVNET and hence to the mainframe 
of the Department of Water Affairs and 
the Department of Agriculture and 
Water Supply. The CCWR is therefore 
able to serve researchers with data from 
the above organisations. 

During 1989 the CCWR had 79 registered 
users from 16 different institutions and a 
total of 34 departments within those organ
isations. The extent of the communication 
of information, messages and ideas be
tween users is reflected by the transfer of 

15 224 files between users since the incep
tion of the CCWR. 

THE SOUTH AFRICAN WATER 
1NF0RMAT101 CENTRE 
(SAWIC) 

SAWIC is funded by the WRC and oper
ated by the Division of Information Serv
ices of the CSIR. SAWIC provides serv
ices on a national basis to all users who 
require information on water-related top
ics. 
SAWIC operates a computerised biblio
graphic data base WATERLIT, which has 
been developed by themselves. WATER-
LIT presently contains over 155 000 refer
ences which are added to at a rate of about 
11 500 items per year. Items are selected 
from 471 scientific and technical journals, 
as well as reports, theses, books and con
ference proceedings. 
In the course of the year an average of 143 
retrospective information searches was 
carried out monthly on WATERLIT. Some 
of these retrospective searches were done 
by the Department of Water Affairs, other 
divisions and regional offices of the CSIR, 
university libraries and the JLB Smith 
Institute of Ichthyology. 

Approximately 370 clients are making use 
of the SDI (selective dissemination of in
formation) services in which they are in
formed monthly of publications in their 
specific field of interest. 
SAWIC has continued its association with 
the JLB Smith Institute of Ichthyology in 
Grahamstown and computerised support 
for the FISHLIT data base is provided by 
SAWIC. FISHLIT contains over 15 000 
references on fish and at present about 130 
SDI profiles are run on a monthly basis. 
SAWIC has free access to FISHLIT. 
The 1989 edition of the Bibliography of 
African Limnology South of the Sahara 
was compiled by SAWIC for the Limnol-
ogical Society of South Africa. The Bibli
ography on Large Dams 1985 -1988 was 
produced covers all information on large 
dams in South Africa. 
Costs for SAWIC services were introduced 
in April 1989. These range from R25 to 
R75 for a retrospective information search 
and R50 to R100 per annum for the monthly 
SDI service. Clients involved in research 
at academic institutions are exempt from 
these costs. 
The publication of Selected Journals on 
Water has ceased due to insufficient inter
est. 
Table 1 contains information on the users 
of WATERLIT for 1988 and 1989, and 
Table 2 contains information on the most 
frequently requested topics for 1989. 

TABLE 1 

Types of organisations making use of the WATERLIT retrospective 
search service for 1989 

Categories % of total amount 
Private sector 27,8 
Educational institutions 34,7 
Government and semi-state organisations 15,1 
The CSIR 16,6 
Miscellaneous 5,8 
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TABLE 2 

Summary of subject topics most frequently used for profile and 
retrospective searches (1 July 1988 to 30 June 1989) 

Topics % of total 

Searches Profiles 

Estuaries, liminology, aquatic weed control and 
freshwater fish 5,7 20,9 

Hydrology and hydraulics engineering 8,7 13,3 

Dams, water supply, water distribution and 
quality control 9,7 5,9 

Water treatment and desalination 11,8 3,7 
Industrial water, waste water and effluents, 
industrial wastes, solid wastes and composting 29.7 20,9 

Aquaculture and marine culture 12,7 12,8 
Pollution and marine pollution 4,7 4,3 
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TRANSFER OF INFORMATION 
AND TECHNOLOGY 

HE promotion of information 
and technology transfer is one 

of the most important objectives 
of the Commission. This is very 
clearly defined in the Water 

Research Act, namely to "accumulate, 
assimilate and disseminate knowledge in 
regard to the results of such research and 
the application thereof, and promote devel
opment work for the purpose of such appli
cation". 
For the promotion of its programme of 
information and technology transfer, the 
Commission has developed a number of 
activities. Although some of these activi
ties are directed at the transfer of informa
tion, the emphasis falls mainly on technol
ogy transfer, i.e. the application of research 
results, since this will always represent the 
final dividend of the research investment. 

PARTNERSHIP IESEAKH 

Partnership research is regarded as a very 
effective method of enhancing technology 
transfer. The partnership principle is incor
porated, as far as possible, in research 
projects, and means that the end user of the 
results participates in the planning and 
execution of the research. 

PUBUCATIOIS 

The Commission's publications cater for 
three levels, viz. pure scientific, popular 
scientific and practical scientific. 

WATER SA 

Water SA is the Commission's scientific 
journal which contains original research 

articles and review articles on all aspects of 
water science, technology and engineer
ing. The journal appears quarterly and the 
first edition was launched in April 1975. 
Water SA has a strict refereeing system 
whereby all articles submitted for publi
cation are first referred to referees, 
whereafter a decision is taken on publica
tion. 
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 sum
maries of articles which appear in Water 
SA. 

SA WATERBULLET1N 

SA Waterbulletin is a bilingual bi-monthly 
periodical. Within the broad spectrum of 
water research it aims to: 
□ furnish information on water and water 

research in a popular scientific manner 
to the different interest groups in the 
water field; 

Q promote the transfer of technology by 
announcing the availability of reports, 
manuals, guides etc. which emanate 
from water research; 

□ promote communication between the 
Water Research Commission and au
thorities and individuals, such as re
searchers, engineers, technicians, gov
ernment departments, local authorities 
and the industrial and agricultural sec
tors; and 

□ convey social news and matters of in
terest (e.g. about conferences and per
sonalities) to the water research com
munity. 

MAMJAIS, eUlDELIKS MO 
REPORTS 

At the conclusion of a project, and also 
while research is still under way, results are 
evaluated in respect of possible use and 
application and depending on the nature of 
the results a decision is taken on publica
tion, dissemination and application thereof.. 
More information on these publications 
appears in the relevant chapters in the An-
nexure. 

LIST OF GOMMlSSiOl 
PUBUCATIOIS 

The Annexure to this annual report con
tains a list of publications (articles, papers 
and published reports) which appeared 
during 1989 and which emanated from 
research supported wholly or in part by the 
Commission. 

C01FEiElCESg SEMINARS, 
WORKSHOPS AID 
DE101STRATI01S 

From time to time the Commission, on its 
own or in co-operation with other organ
isations, arranges such meetings. These 
afford ideal opportunities for promoting 
personal contact between research scien
tists or between research scientists and the 
users of research results. In this way the 
transfer of information and technology is 
greatly enhanced. More information on 
meetings held during the year is contained 
in the individual chapters. 
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MASS MEDIA 

In this regard the accent falls on informa
tion transfer, and press releases, radio and 
television are used to this end. 

UTILISATION OF OWEISEAS 
EXPERTISE 

It is in the national interest that overseas 
expertise and knowledge be used where 
these are not available locally, and the 
Commission has developed various meth
ods to achieve this. Overseas specialists, 
for example, are engaged as consultants 
and the Commission from time to time 
sends personnel and other experts overseas 
in order to obtain information on a particu
lar problem area. More information in this 
regard appears in the individual chapters. 

COMMERCIALISATION 

In future the WRC will focus increasingly 
on a further aspect of technology transfer, 
which is in progress already, viz. the com
mercialisation of research results by e.g. 
the private sector. The patenting of re
search results and the sale of publications 
and computer programs would be classi
fied as such. In this way the WRC earns 
royalties, locally as well as abroad. 
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FINANCIAL STATEMENTS 

HE Statement of Income The Commission derives its income from 
and Expenditure and the Bal- rates and charges on water usage and on 

ance Sheet have been drawn up scheduled irrigation land. The tariffs for 
in terms of section 14(2) of the the 1989 financial year were l,05c/m3 for 
Water Research Act, 1971 (Act w a t e r supplied for urban, industrial or 

No.34of 1971), as amended and certified d o m e s t i c use, and 115c/ha of land sche-
by the Auditor-General and cover the period duied for irrigation 
1 January 1988 to 31 December 1988. 
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STATEMENT 
BALANCE SHEET AS AT 31 DECEMBER 1988 

1987 Liabilities 1988 

17 740 959 

5 432 

Accumulated funds -
Balance at 31/12/87 
Plus: Income over expenditure, 1988 

Current liabilities 
Sundry creditors -

Revenue paid in advance 
Project advances 
Bank overdraft 

R 

17 740 959,06 
9 873 628,49 

5 044,46 
284 079,73 

27 614 587,55 

289 124,19 

R17 746 391 R27 903 711,74 

1987 Assets 1988 
R 

*Capital assets -
R R R 

5 000 Land (Cost) 
Motor vehicles 164 645,84 

5 000,00 

23 950 Less: Depreciation 
Office equipment 

16 565,63 
262 628,35 

148 080,21 

237 735 Less: Depreciation 
Office furniture 

17 458,78 
133 675,18 

245 169,57 

31287 Less: Depreciation 2 962,34 130 712,84 528 962,62 
9 226 922 Loans 

Investments -
Cash investment 4 655 517,55 

15 518 514,21 

Plus: Accrued interest 111 884,27 4 767 401,82 
5 036 757 Unlisted shares 

Current assets-
Sundry debtors -

755 938,74 5 523 340,56 

875 896 Outstanding revenue 6 259 239,58 
2 220 776 Project advances -

- Subsistence and transport advances 3 150,00 
87 618 Motor financing 52 255,70 

300 Deposits 600,00 56 005,70 
150 Cash on hand 150,00 

Cash in bank 17 499,07 6 332 894,35 

R17 746 391 R27 903 711,74 

OS SO 

* Capital assets purchased by organisations by means of research grants are not included. 
Pretoria, 26 July 1989 (Signed) PE ODENDAAL 

Executive Director 
The accounts of the Water Research Commission have been audited in terms of sections 5 and 18(2) of the Auditor-General Act. No. 52 of 1989, read with section 14(1) of the Water Research 
Act, No. 34 of 1971, and in my opinion the annual financial statements are a fair representation of the financial position of the Commission as at 31 December 1988 and the result of its operations 
for the year then ended. 
15 November 1989 (Signed) RP WRONSLEY 

Auditor-General 



STATEMENT 2 
11C0ME AID EXPENDITURE ACCOUNT FOR THE YEAR EMDED 31 DECEMBER 1988 

1987 Expenditure 1988 
R R 

1 848 060 Salaries and allowances 2 009 481,93 
48 232 Subsistence 53 825,37 
10 404 Motor transport 6 588,38 

195 949 General transport 197 295,06 
1700 Commission members' allowances 5 678,66 

11413 Postal and telegraph services 17 317,16 
43 751 Telephone services 40 030,23 
39140 Printing and stationary 42 834,77 
17 114 Advertisement 36 275,00 

258 482 Publications and information 314 100,80 
14105 Technology and information transfer 16 764,71 
37 824 Lease and maintenance of office equipment 47 158,45 
10 213 Entertainment 13 228,27 
71065 Office rental 164 362,34 

1089 Maintenance of and alterations to offices 8 720,00 
9 413 Electricity 15 077,54 

33 Maintenance and lease of furniture 3 712,22 
1154 Typing and translation services 10 015,63 

18 536 Insurance and licenses 18 100,93 
159 043 Collection fees 188 330,28 

3 846 Audit fees 3 378,08 
128 640 Legal costs 67 077,96 
24 330 Registrations and subscriptions 33 740,52 
15 277 Miscellaneous petty expenses 36 916,27 

- Interest on loan 110 941,23 
17 830 Depreciation 36 986,75 

7 246 077 Research projects and research support services (St 3) 10 810 065,89* 
221 503 Contracting of researchers and expertise 257 231,59 
105 000 Research and other grants 107 000,00 
110 336 Specialist and consultation services 124 014,08 

5 304 580 Income over expenditure 9 873 628,49 

R15 974 139 

Income over expenditure 

R24 669 878,59 

Income over expenditure 

R24 669 878,59 

1987 Income 1988 
R 

198 818 
290 204 

12 116 530 
3 000 455 

9 530 

270 641 
87 961 

Rates 
Government irrigation schemes with canal systems 
Irrigation board schemes 
Charges 
Metered water from Government schemes 
Municipalities 
Interest on rates and charges in arrear 
Interest on investments -

Received 218 759,93 
Accrued 111 884,27 

Sundry income 

R 

249 469,65 
220 653,88 

18 555 775,01 
5 161 370,48 

28 495,47 

330 644,20 
123 469,90 

R15 974 139 R24 669 878,59 

* Only includes expenditure for which audited statements are received. 



HUMEI m 

STATE1E1T OF EXPElllTURE A l i IIWAICES OUISTAliiMS i l RESPECT DF iESUBCH PROJECTS A l l 
HESEARCH SUPPORT SERWICIS IS AT 31 ilCEMBER 1§88 

Project 

Expenditure 

1988 Total to 
31/12/88 

Total 
advances 

outstanding 
as at 

31/12/88 

R R 
1. RESEARCH PROJECTS 
Technological development of water reclamation on the basis of the Windhoek plant 1 670,44 812 635,99 
Research on detailed geohydrological investigations in the Poesjenels River 

catchment in the Breede River valley, with special reference to mineralisation 10 420,24 233 935,37 
Water management and effluent treatment in the textile industry: Treatment of 

scouring and bleaching effluent 7 769,31 741 619,56 
Research on an investigation into the use of physical/chemical techniques for water 

and waste-water management in the meat processing industry 60 100,00 560 700,00 
Research on the inhibition of bacterial oxidation of pyrite and the concomitant 

acid mine drainage 18 598,57 170 769,55 
Research on enhancement of biological phosphate removal from sewage by 

altering process feed composition 40 398,66 262 033,83 
Hydrological research in catchments of the Eastern and Southern Cape 136 220,72 604 648,51 
Research on the use of the soil/root conductance index and stress ratio 

as inputs for the determination of irrigation requirements of selected 
soil/plant/atmosphere systems 1857,29 272 273,89 

A national industrial water and waste-water survey 1 029 415,00 2 900 603,12 
Research on biological excess phosphate removal 141 964,32 568 207,73 
An investigation into rainfall recharge to ground-water 120 206,02 576 804,82 
Research on correction factors for the evaporimeter coefficients used in the 

irrigation scheduling of wheat 29 941,53 232 454,48 
Research on the practical scheduling of irrigation in the northern Transvaal - 227 156,41 
Research on the quantification and limitation of water losses associated with centre 

pivot irrigation systems 49 532,14 219 252,63 
Applied hydrological process and modelling studies for the determination of 

water and sediment yield 239 852,84 975 052,43 
Research on thermal feedback caused by dry cooling at power generating 

stations * 48 000,00 203 928,00 
Research into the treatment of wool scouring effluents 320 284,00 1 078 257,22 
The technical performance evaluation of a full-scale industrial 

waste-water treatment plant: Textile dyehouse effluent treatment 
by hyperfiltration - 44162,72 

Research on and development and full-scale evaluation of preventative and 
remedial methods for the control of activated sludge bulking 87 042,60 200 244,99 

Research on improving irrigation management based on soil water monitoring 
and detailed knowledge of profile available water capacities 138 399,16 287 099,33 

Research on the sosio-economic effects of water restrictions on industries and 
local governments - 98 234,63 

Research on socio-economic domestic losses as a result of restrictions on water 
consumption 11620,00 109 854,63 

Research on the exploitation potential of Karoo aquifers 180 994,73 729 749,13 
The development of management-orientated models for eutrophication control 36 873,46 219 331,46 
Modelling of the ground-water quality in the Atlantis aquifer 288 170,89 696 347,68 
The development of a computer program to simulate water flow in distribution 

canals 
Research on the possible chronic health effects of consumption of reclaimed water on 

the consumer at Windhoek 19580,00 57809,67 
Research on chemical characterisation of South African municipal sludges 26 075,26 62 629,26 
Research on the evaluation of the impact of the phosphate standard on the water 

quality and trophic status of Hartbeespoort Dam 83 243,65 233 536,65 
Research on the effective use of water by means of an algal-aqua culture system 3 228,05 25 672,16 
Research on the effects of urbanisation on catchment water balance 377 320,42 539 669,16 
A pilot study of the irrigated areas served by the Bree River (Robertson) 

irrigation canal 15 000,00 209 953,27 
Research on drip irrigation of tomatoes 180995,00 383 057,13 

52 897,97 141 481,04 

R 

1 812,62 

(13 221,81)* 

478,45 

(1398,66) * 
5 331,49 

5 039,35 
36 885,00 

1 062,69 

(241,53) * 
(22 796,29) * 

(1 477,75) * 

14 947,57 

(30737,22)* 

2 412,28 

(20 124,68) * 

4 041,10 

4 223,03 

22,27 
23277,54 

(370,89) * 

4 810,94 

(21 558,00) * 
924,74 

363,35 
(83,05) * 

45 378,70 

17 278,57 
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(CONTINUED) 

Expenditure Total 
sirl vi incpe 

outstanding 
Project 1988 Total tot as at 

31/12/88 31/12/88 

R R R 
Research on epidemiological surveillance of potential changes in drinking-

water quality 222 021,40 319 513,08 (69031,07)* 
Research on the development of polymers for the formation of dynamic 

membranes and the evaluation thereof for the treatment of industrial effluents 136 687,38 523 190,79 3 129,21 
Research on the evaluation and optimisation of the process of dual 

digestion of sewage sludge 124 643,65 284 899,69 950,31 
Computer and laboratory optimisation studies on dry and dry-wet cooling 266309,12 783 105,81 7 690,88 
Research on the feasibility of reverse osmosis for water reclamation on large scale 19394,00 536 000,00 -
The development of a portable toxicity detector for water 6 631,25 24 503,25 15 496,75 
An investigation into the occurrence and concentration of trihalomethanes and 

their precursors in South African drinking water 4 697,12 38 529,12 5902,88 
Hydrosalinity studies in the eastern Cape 176815,53 539 209,72 32 750,28 
The evaluation of the abilities of several solute and water transport models to predict 

the quantity and quality of water leaving the root zone 56 189,47 165 102,12 10197,88 
Development of phosphate export models for catchments 4010,71 12 386,71 22 113,29 
The development of methods to assess the impact of agricultural practices on water 

resources in southern Africa 223 314,38 346 063,10 24 736,90 
Research on the effects of reduced water consumption on domestic sewer systems 39148,31 60913,27 3526,73 
Research on the development of a stochastic daily climate model for South 

African conditions 90 824,48 90824,48 (31 477,30) * 
Research on the treatment of inorganic brines and concentrates 194 735,10 302 259,93 65 140,07 
Research on dissolved air flotation for the treatment of eutrophied surface water for 

potable use 50147,26 102 018,26 (3 638,26)* 
Research on chemical removal of sulphates 42 670,88 75 601,94 (2 001,94)* 
Development of water quality monitoring strategies and procedures for 

water quality data interpretation 44270,93 93807,93 44 492,07 
Research on the isolation and identification of mutagens in drinking water 15 209,54 52 217,54 14 432,46 
Research into water consumption rates and patterns and unaccounted-for 

water in urban areas 33 770,45 33 770,45 2 034,55 
Research on the development of an adjustable low pressure flow-rate control 

valve for flood irrigation 37 942,16 37 942,16 7 577,16 
Research on the development of criteria for sprinkler irrigation systems to combat 

surface sealing of soils 51 222,44 72 221,40 46 678,60 
An investigation into methods of developing operational rules for individual 

irrigation systems 153 177,49 284 360,58 6922,51 
Research on the electrochemical produced metal coagulants for the treatment 

of polluted water 7 637,79 7 637,79 -
Research on ground-water abstraction in residential areas 74 294,00 101195,10 (11195,10) * 
Research on the use of electromagnetic exploration techniques for the development of 86 692,57 86692,57 (7 692,57)* 
ground-water resources 
Research on marine disposal practice in South Africa 22 750,00 39 997,60 -
Research on the culturability of faecal coli following exposure to sea-water -

a pilot study 5 000,00 5 000,00 -
Research on phosphate crystallisation in activated sludge systems 70 923,58 86 486,58 6 576,42 
Research on the evaluation and development of techniques for the determination 

of geohydrological parameters by use of geo-electrical methods 23291,42 34435,42 1379,58 
An exploratory study into the efficiency of drinking-water treatment in South Africa 21368,28 21368,28 (14 596,53)* 
Research on economic evaluation of alternative irrigation scheduling strategies for 

wheat in the irrigated area of the Orange Free State 52 590,61 79 735,21 1 501,79 
The development of fixed and dynamic membrane systems for the treatment of 

brackish water and effluents 552 571,93 552571,93 (287 071,93)* 
Forced aeration composting performance evaluation 33 000,00 33000,00 -
Research on geohydrological investigation and evaluation of the Zululand coastal aquifer 105 605,30 105 605,30 (17 605,30)* 
Research on the reconstruction of the climatic history of the last 2000 years in the 

summer rainfall regions of southern Africa 43 037,00 43 037,00 (1427,00)* 
Research on precipitation and airflow in cumulus clouds 74 975,11 74 975,11 24,89 
Research on the development of techniques for the evaluation and effective management 

of surface and ground-water contamination in the Orange Free State Gold Fields 238833,40 238833,40 61645,59 
Research on the enhancement of the national ground-water data base facilities 100087,49 100087,49 (87,49)* 
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(CONTINUED) 

Project 

Expenditure 

1988 Total to 
31/12/88 

Total 
advances 

outstanding 
as at 

31/12/88 

R R R 
Research on maximising irrigation project efficiency in different soil-climate-

irrigation situations " " 96 462,64 96462,64 (21366,64)* 
Research on the storage and utilisation of rain water in soil for the stabilisation of 

plant production in semi-arid regions 151994,39 151994,39 (28 569,39)* 
Research on the factors affecting the water use efficiency of irrigated crops, with 

special reference to the physiological responses of these crops 212 793,84 212 793,84 (55568,84)* 
Research on the estimation and evaluation of moisture stress in crops by means of 

remote control aerial surveillance - - 59 000,00 
Development of a manual to be used with the IDES computer programs for the design 

of irrigation systems 64 000,00 64 000,00 (4 000,00)* 
Research on the preparation of guidelines on cost-effectiveness of rural water 

supply and sanitation projects 43 085,32 43 085,32 17 414,68 
Research on the preparation of engineering design guidelines for artificial 

wetlands for waste-water treatment 14000,00 14 000,00 (14 000,00)* 
An investigation of the hydrological response to third world settlements in 

peri-urban areas of Natal/KwaZulu 18 873,00 18 873,00 (2 839,00) * 
The development of a systems model for the Mgeni catchment 22 915,11 22 915,11 7 084,89 
Hydrological modelling studies in the eastern Cape 39 344,94 39 344,94 14 855,06 
The development of a model to simulate flow in alluvial rivers 47 345,91 47 345,91 
Research on the quantification of the effects of land use of runoff quality in selected 

catchments in Natal " 56 690,10 56 690,10 16 309,90 
Research on the design criteria for crossflow microfiltration 170 412,07 170 412,07 28 587,93 
Research on the removal of gas stripliquor by coagualation and 

flocculation * 13 756,63 13 756,63 5 893,37 
Research on solids-liquid separation in biological systems 22 516,36 22 516,36 (17 016,36)* 
The development of low-cost ultrafiltration modules 60000,00 60000,00 
Research on a combined flotation-powdered carbon process for potable water treatment 21814,86 21 814,86 46185,14 
The development of seeded reverse osmosis technology 100 000,00 100 000,00 
Research on the concentration of industrial effluents with sealed-cell 

electrodialysis 42 404,56 42 404,56 (804,56)* 
A comparative study on chlorine dioxide and other oxidants in potable water treatment 21521,35 21521,35 40 478,65 
Research on pelletisation in upflow anaerobic sludge bed (UASB) systems 30 272,70 30 272,70 (11 272,70) * 
Research on phosphate fixation in waste waters by means of controlled struvite formation 31233,51 31233,51 32 766,49 
Consolidation of activated sludge and water chemistry research 39 983,80 39 983,80 (19 983,80) * 
Research on the assessment of water quality problems due to microbial growth 

in drinking-water distribution systems 31549,91 31549,91 18 450,09 
Research on the effect of biocorrosion in water systems 28 740,53 28 740,53 21259,47 
Research on the effects of varying water quality on the corrosion of different 

pipe materials in the PWV/Klerksdorp areas 89399,10 89 399,10 (54 399,10)* 
Research on the development and testing of data logging equipment for the monitoring 

of water consumption patterns 17 287,47 17 287,47 17 712,53 
Research on the evaluation of the design and use of irrigation systems in the Bree 

River with a view to the control of potential drainage losses 64 463,12 64463,12 
Research on the water use efficiency of certain irrigated temperate pasture 

species ' 91349,39 91349,39 950,61 
Model studies on the minimisation of dry and dry-wet cooling 

systems " 84 592,83 84 592,83 (84 592,83)* 

TOTAL 8992 967,24 22 797 070,00 7 891,71 

2. RESEARCH SUPPORT SERVICES 
South African Water Information Centre 
The establishment of a National Hydrological Information System 
The establishment of a Computing Centre for Water Research 

428849,44 1349 836,81 (289 617,33)* 
1139770,28 2 878408,12 

248478,93 539 222,51 (2 354,11)* 

TOTAL 1817 098,65 4 767 467,44 (291971,44)* 

GIAND TOTAL 10 810 065,89 27 564 537,44 (284 079,73)* 

* Excess expenditure over advances for projects. 
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BUDGET 1990 

ESTIMATED INCOME 
R R 

Rates and charges in terms of section 11 of the Water Act 26 199 000 
Loan 1 000 000 
Interest on investment 350 000 
Erf Sewe-Nul-Ses Rietfontein (Pty) Ltd 745 000 
Sundry income 

TOTAL ESTIMATED INCOME 

ESTIMATED EXPENDITURE 

-Sundry income 

TOTAL ESTIMATED INCOME 

ESTIMATED EXPENDITURE 

R28 294 000 

Sundry income 

TOTAL ESTIMATED INCOME 

ESTIMATED EXPENDITURE 
Administrative expenses: 
Salaries and allowances 3 368 000 
Subsistence and travelling expenses 537 000 
Postal, telegraph and telephone 93 000 
Printing, stationary, advertisements and publications 641 000 
General expenditure 1 352 200 5 991 200 
Research expenses: 
Research projects 
Research on the inhibition of bacterial oxidation of pyrite and the concomitant acid mine drainage 1300 
Research on thermal feedback caused by dry cooling at power generating stations 82 800 
Research on improving irrigation management based on soil water monitoring and detailed knowledge of 

profile available water capacities 7 000 
Research on the effects of urbanisation on catchment water balance 310 000 
Research on drip irrigation of tomatoes 142 000 
Hydrosalinity studies in the eastern Cape 239 000 
Research on the evaluation of the abilities of several solute and water transport models to predict the 

quantity and quality of water leaving the root zone 61000 
Development of phosphate export models for catchments 131 800 
The development of methods to assess the impact of agricultural practices on water resources in 

southern Africa 293 200 
Research on the effects of reduced water consumption on domestic sewer systems 6 677 
Research on the development of a stochastic daily climate model for South African 

conditions 4 500 
Development of water quality monitoring strategies and procedures for water quality data 

interpretation 96 000 
Research into flow rates and patterns of water consumption as well as unaccounted-for water in urban areas 40 000 
Research on the development of criteria for sprinkler irrigation systems to combat surface sealing 

of soils 98 500 
An investigation into methods of developing operational rules for individual irrigation systems 3 000 
Research on ground-water abstraction in residential areas 9 000 
Research on the use of electromagnetic exploration techniques for the development of ground-water resources 26 900 
Research on economic evaluation of alternative irrigation scheduling strategies for wheat in the irrigated 

area of the Orange Free State region 112 500 
The development of fixed and dynamic membrane systems for the treatment of brackish water 

and effluents 638 328 
Research on geohydrological investigation and evaluation of the Zululand coastal aquifer 310 000 
Research on the reconstruction of the climatic history of the last 2000 years in the summer rainfall 

regions of southern Africa 30 000 
Research on precipitation and airflow in cumulus clouds 211 200 
Research on the development of techniques for the evaluation and effective management of surface and 

ground-water contamination in the Orange Free State Gold Fields 282 000 
Research on the enhancement of the national ground-water data base facilities 180 912 
Research on maximising irrigation project efficiency in different soil-climate-irrigation 

situations 191 100 
Research on the storage and utilisation of rain water in soil for the stabilisation of plant production in 

semi- arid regions 152 500 
Research on the factors affecting the water use efficiency of irrigated crops, with special reference 

to the physiological responses of these crops 293 000 
Research on the estimation and evaporation of moisture stress in crops by means of remote control 

aerial surveillance 64 000 
Research on the preparation of guidelines on cost-effectiveness of rural water supply and 

sanitation projects 74 500 
An investigation of the hydrological response to third world settlements in peri-urban areas of 

Natal/KwaZulu 12 500 
The development of a systems model for the Mgeni catchment 139 600 
Hydrological modelling studies in the eastern Cape 294 000 
The development of a model to simulate flow in alluvial rivers 108 500 
Research on the quantification of the effects of land use on runoff quality in selected catchments 

in Natal 106 400 
Research on the design criteria for crossflow microfiltration 418 000 
Transfer of waste-water treatment management technology to the meat processing industry 54 000 
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Research on the filtration of compressible cakes 
The development of seeded reverse osmosis technology 
Research on the concentration of industrial effluents with sealed-cell eleetrodialysis 
A comparative study on chlorine dioxide and other oxidants in potable water treatment 
Research on chemical augmentation of biological phosphate removal 
Research on pelletisation in upflow anaerobic sludge bed (UASBJ systems 
Research on phosphate fixation in waste waters by means of controlled struvite formation 
Consolidation of activated sludge and water chemistry research 
Research on the assessment of water quality problems due to microbial growth in drinking-water 

distribution systems 
Research on the effect of biocorrosion in water systems 
Research on the effects of varying water quality on the corrosion of different pipe materials in the 

PWV/ Klerksclorp areas 
The evaluation of the design and use of irrigation systems in the Bree River with a view to the control of 

potential drainage losses 
Research on water use efficiency of certain irrigated temperate pasture 

species 
Research on the effect of water quality chemical composition on the corrosivity in mild steel 

pipelines 
Research on the relationship between climate and crop factors 
Research on soil-plant-water relations in the upper reaches of plant available 

soil water 
Research on moisture sensors to facilitate water management 
Research on the biological treatment of industrial water with the simultaneous production of single 

cell protein 
Research on human viruses in water 
Research on the extension of the management orientated models for eutrophication control 
Research on the evaluation and development of geophysical techniques for characterising the extent and 

degree of ground-water pollution 
Research on a preliminary survey of pesticide levels in ground water from a selected area of intensive 

agriculture in the western Cape 
Research on the evaluation of the four-electrode electrical conductivity and electromagnetic induction 

techniques of soil salinity measurement for use under South African conditions 
Research on hydrological systems model development 
A comparative study of two and three-dimensional ground-water models 
An investigation into the oscillation method for the determination of aquifer transmissivity 
An investigation of the potential use of NOAA satellite remotely sensed data for identification of regional-

scale fracture zones for ground-water supply purposes in southern Africa 
Technical support for the application of dynamic membrane plants for the treatment of industrial 

effluents 
The investigation into the evaluation of membrane technology for electroplating effluent 

treatment 
Research on biological techniques for the treatment of pulp bleaching effluent 
Research on the prediction of South African summer rainfall variability from ocean surface 

temperatures 
Research on relationships between lightning and precipitation 
The evaluation of full-scale flotation, ultrafiltration and chlorine dioxide plants 
Research on the effect of water quality on the effectiveness of chlorine dioxide in drinking-water 

treatment 
The development of a combination of sedimentation, flotation and sand filtration processes for water 

treatment (SEDIDAFF) 
Research on the interaction between the atmospheric boundary layer and the natural draught cooling 

towers at Kendal power station 
Research on and evaluation of various factors affecting dry-wet cooling 
Research on development and evaluation of specific control methods for ameliorating low 

F/M bulking 
Determination of the sosio-economical and financial implications of the water restrictions in force from 

1983 up to its annulment in 1987 
Research on the management of phosphate concentrations and algae in Hartbeespoort Dam 
Research on flood and furrow irrigation: A critical evaluation of design procedures and the 

computerisation of the most suitable procedures 
A regional investigation into ground-water quality deterioration in the Olifants River catchment above 

the Loskop Dam, with specialised investigations in the Witbank Dam subcatchment 
Expected projects 

R 
50 000 
200 000 
47 000 
95 000 
21 000 
108 000 
60 000 
64 400 

141 000 
50 000 

135 500 

113 400 

62 700 

50 000 
57 500 

85 000 
111 000 

25 500 
127 500 
80 000 

227 000 

21 500 

53 900 
477 000 
183 000 
30 000 

Contracting of researchers and expertise 
Research and other grants 
Specialist and consultation services 
Loan (Company for Research on Atmospheric Water Supply) 
Research support services 
TOTAL ESTIMATED EXPENDITURE 
Expected investment balance 

11000 

237 000 

22 000 
20 000 

112 000 
81000 
40 500 

40 000 

15 000 

50 000 
284 400 

68 000 

35 000 
94 500 

128 000 

403 000 
8 523 900 

18 068 217 
525 000 
50 000 

500 000 

2 653 988 21 797 205 
27 788 405 

505 595 

R28 294 000 
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STATEMENT OF RECEIPTS AND PAYMENTS FOR THE YEAR ENDED 31 DECEMBER 1989 

RECEIPTS 1989 

Balance on 1 January 1989 -
Investment at Corporation for Public 
Deposits 
Cash on hand 
Cash in bank 

Rates -
Government irrigation schemes with canal systems 
Irrigation board schemes 

Charges -
Metered water from Government schemes 
Municipalities 
Interest on rates and charges in arrear 

Interest on investments 
Sundry income 
Subsistence and transport advances recovered 

4 655 517,55 
150,00 

16 595,47 4 672 263,02 

226 202,36 
179 665,92 

17 062 490,94 
4 831 925,82 

25 628,10 
603 199,46 
75 231,88 

104 124,97 

R27 780 732,47 

PAYMENTS 1989 
R R 

Salaries and allowances 3 046 401,61 
Motor transport 11 912,86 
Subsistence 96 058,81 
Subsistence and transport advances 93 921,17 
General transport 208 083,28 
Commission members' allowances 7 670,00 
Postal and telegraph services 17 295,86 
Telephone services 58 558,22 
Printing and stationary 72 632,91 
Advertisements 19 913,95 
Publications and information 333 206,57 
Technology and information transfer 36 508,18 
Office equipment: Purchases 54 352,95 
Office equipment: Computer software 3 540,43 
Lease and maintenance of office equipment 72 940,76 
Entertainment 17 761,03 
Office rental 492 498,30 
Electricity 48 399,30 
Office furniture 29 650,55 
Maintenance and lease of furniture 1 695,36 
Typing, translation and services rendered 3 100,97 
Insurance and licenses 27 631,72 
Collection fees 223 259,14 
Audit fees 9 750,66 
Legal costs 77 868,03 
Registrations and subscriptions 33 160,11 
Miscellaneous petty expenses 33 120,67 
Project advances 11 565 454,80 
Research projects 573,08 
Contracting of researchers and expertise 345 695,23 
Research and other grants 100 000,00 
Specialist and consultation services 486 988,04 
Loans 2 246 382,21 
Research support services 1 321 148,52 
Balance as at 31 December 1989 -

Investment at Corporation for Public Deposits 6 158 717,01 
Cash on hand 150,00 
Cash in bank 424 730,18 6 583 597,19 Cash in bank 424 730,18 

R27 780 732,47 



ANNEXURE 

PUBLICATIONS EMANATING 
PROM RESEARCH FINANCED 
WHOLLY OR PARTIALLY BY 
THE COMMISSION 

This Appendix contains a list of publica
tions released in 1989. Requests for publi
cations should be directed, as far as pos
sible, to the authors. 

PUBLICATIONS FOR 1989 
ARTICLES AND PAPERS 

□ Adam, BF and Bruintjes, RT (1989) In-cloud 
droplet cooling and contact nucleation. Paper pre
sented at the 6th Annual Conference of the SA 
Society for Atmospheric Sciences, Pretoria. 26-27 
October. 
Q Barnard, JL and Nicholls, HA (1989) Case stud
ies in N and P removal. Paper presented at the 
Seminar on Nutrient Removal, Magaliesburg. 
Q Beater, AB(1989) Theapplicability of two simple 
single event rainfall-runoff models to catchments 
with different climate and physiography. Unpub
lished M.Sc. Thesis, Rhodes University, Graham-
stown. 
Q Bloem, G (1989) Evaluasie van besproeiing-
stelselontwerpe met behulp van die IDES rekenaarpro-
gramme. Handelinge van die 21 ste Nasionale S AILI. 
Simposium, Brits. 111-118. 
Q Botes, JHF en Oosthuizen, LK (1989) Die be-
raming van geweegde gemiddelde koste van kapitaal 
in die Vanderkloof Staatswaterskema. Referaat 
gelewer tydens die Kongres van die Landbou-ekon-
omie Vereniging van Suider-Afrika, Bloemfontein. 
25-27 September. 
Q Bourne, DE and Bourne LT (1989) Liquid 
consumption patterns among idividuals in Cape Town 
— The contribution of water bound in food. Water 
Sci.Tech. 21(12). 
Q Bourne, LT, Bourne, DE and Hattingh, WHJ 
(1989) Boiled and unboilded water intake among 
individuals in Cape Town. Water SA 15 (4) 227-230. 
Q Bourne, DE, Rip, MR and Woods, D (1989) The 
spatial distribution of neonatal and post-neonatal 
mortality in South Africa, 1978-1982. S.Afr.Med.J. 
76 49-52. 
Q Bourne, DE, Roussouw, J and Sayed, A (1989) 
Ischaemic heart disease mortality by day of week. 
Abstracts of the 2nd International Conference on 
Preventive Cardiology, Washington DC, pA88. 

Q Bredenkamp, DB. Van Rensburg, HJ, Van 
Tonder. GJ and Cogho, VE (1989) Quantitative esti
mation of aquifer storativity and recharge by means 
of a water balance and incorporating a finite element 
network. Proceedings of the International Sympo
sium on Grounchvater Management: Quantity and 
Quality. Benidorm. Spain. 2-5 October. 
□ Bruintjes, RT (1989) Numerical simulation of 
conveclive cloud development in the BPRP area. 
Paper presented at the 6th Annual Conference of the 
SA Society for Atmospheric Sciences, Pretoria. 26-
27 October. 
Q Buckley, CA (1989) Current membrane applica
tions in southern Africa - A resume. Paper presented 
at the SAMSIG Symposium. Wilderness. 21-24 No
vember. 
□ Buckley, CA and Edwards, RI (1989) The re
moval of dissolved salts from recirculating waters in 
the Vaal River drainage system. Proceedings: 
Ground Water Symposium '89. 
Q Buys, JD and Kroger, DG (1989) Cost-optimal 
design of dry cooling towers through mathematical 
programming techniques, hit. of Heat Transfer, 
Trans. ASMEUl 322-327. 
Q Buys, JD and Kroger, DG (1989) Dimensioning 
heat exchangers for existing dry cooling towers. 
Energy Conversion Management 29 (1) 63-71. Also 
in SAME R&D, Journal Vol. 5 (1) 17-23. 
Q Caldecott, RE (1989) A distributed model for 
hydrograph simulation and routing. iVl.Sc. Thesis. 
Department of Agricultural Engineering. University 
of Natal, Pietermaritzburg. 173 pp. 
Q Claasens, PC and Nicholls, HA (1989) Simula
tion of the activated sludge process. Paper presented 
at the Biennial Conference of the Water Institute of 
SA, Cape Town. March. 
Q Conradie. A and Kroger, DG (1989) Reduction 
in performance due to recirculation in mechanical 
draft cooling towers. Paper presented at the 26th 
National Heat Transfer Conference, Philadelphia. 
Q Chapman, RA and Schulze, RE (1989) Evapora
tive losses from wetlands: First results from Nta-
bamhlope Vlei. Proceedings of the 4th National 
Hydrology Symposium (SANCIAHS) 7 pp. 
Q De Jager, JM (1989) Computer modelling for 
real time irrigation scheduling at remote sites. Paper 
presented at the 21st National SAIAE Symposium, 
Brits. 
Q De Jager, JM and Van Zy 1, WH (1989) Atmos
pheric evaporative demand and evaporation coeffi
cient concepts. Water SA 15 (2) 103-110. 
Q De Jager, JM and Van Zyl, WH (1989) The 
atmospheric evaporative demand and evaporation 
coefficient. Paper presented at the Congress of the 
SA Society of Crop Production, Wild Coast. Janu
ary. 
Q Dent, MC (1989) Crop water requirements and 
water resources analyses for irrigation planning in 
southern Africa. Paper presented at the SAIAE 
Symposium, Brits. 
Q Dent, MC (1989) Crop water requirements for 
irrigation planning in South Africa. Unpublished 
Ph.D thesis, Department of Agricultural Engineer
ing, University of Natal, Pietermaritzburg. 
Q Dent, MC (1989) Information systems in civil 
engineering: The role of the Computing Centre for 
Water Research. Proceedings 1 lth National Sympo

sium on Computers in SA, Institution of Civil Engi
neers. Bloemfontein. 10.1-10.10. 
Q Dent. MC (1989) Role of the Computing Centre 
for Water Research in Geographic Information Sys
tems (GIS) in southern Africa. Proceedings of Deci
sion-makers Forum at SAGIS '89 Conference, Uni
versity of Natal, Pietermaritzburg. 
Q Dent, MC (1989) The role of the Computing 
Centre for Water Research in agricultural engineer
ing research and development. Proceedings of the 
21st National SAIAE Symposium, Brits. 97-104. Also 
in Agricultural Engineering in South Africa 21 97-
104. 
□ Dent, MC and Lynch, SD (1989) Geographic 
information system for mapping climate variables in 
southern Africa. Proceedings of the International 
Conference on Geographic Information Systems in 
Southern Africa. University of Natal, Pietermar
itzburg. 12.1-12.12. 
Q Dijkhuis, FJ and Nel, AA (1989) The effect of 
splitting N fertilization on the dry matter accumula
tion and on the N, P, K, Ca and Mg concentrations of 
irrigated wheat at different growth stages. Paper 
presented at the Joint Congress of the SA Society of 
Crop Production, the Soil Science Society of SA and 
the Southern Africa Weed Science Society, Wild 
Coast. 23-26 January. 
□ Du Plessis. HM (1989) Die invloed van versout-
ingopbesproeiinguitdieBenede-Vaalrivier. Referaat 
gelewer tydens 'n mini-simposium van die Vereni
ging vir die VaalrivierOpvanggebied, Christiana. 26 
Oktober. 
3 Du Plessis, HM and Van Veelen, M (1989) 
Water quality: Time series and trends. Paper pre
sented at the Conference on Geosphere-Biosphere 
Change in Southern Africa, Cape Town. 4-8 Decem
ber. 
Q Eloff. WSM en Smit, CJ (1989) Ontwikkeling 
van 'n besproeiingsimuleerder vir laboratoriumge-
bruik. Handelinge van die 21 ste Nasionale SA1L1 
Simposium, Brits. 89-96. 
a Everson, CS, George, WJ and Schulze, RE (1989) 
Fire regime effects on canopy cover and sediment 
yield in the Montane grasslands of Natal. 5. Afr. 
Jour. Science 85 113-116. 
□ Fischer, HH and Nel, PC (1989) Deficit drip 
irrigation of market tomatoes on three soil types. 
Paper presented at the Intern. Soc. Hort. Sci. Sympo
sium, Maratea, Italy. 5-9 June. 
Q Fischer, HH and Nel, PC (1989) The effect of 
water stress during different growth stages on yield, 
growth and water use of tomatoes. Paper presented 
at the Joint Congress of the SA Society of Crop Pro
duction. Soil Science Society of SA and the Southern 
African Weed Science Society, Wild Coast. 23-26 
January. 
Q Fischer, HH en Nel, PC (1989) Waterverbruik, 
opbrengs en kwaliteit van marktamaties by twee 
frekwensies van tekortdrupbesproeiing op drie grond-
soorte. Toegepaste Plantwetenskap 3 118-121. 
Q Fouche, PS (1989) Remotely piloted aircraft fol
low altitude aerial surveillance in agriculture. Paper 
presented at the Twelfth Biennial Workshop on Color 
Photography and Videography in the Plant Sciences, 
Reno,"uSA. 23-26 May. 
3 Fouche, PS and Booysen, NW (1989) ASD-1, a 
versatile remotely piloted aircraft for aerial surveil-

77 



lance in agriculture. Paper presented at the Congress 
of the SA Society of Crop Production, Wild Coast. 
January. 
Q Fouche, PS and Booysen, NW (1989) Large 
scale aerial photography of crops by remote con
trolled aircraft. Chronicu Horticulturae 29 (3) 41-
42. 
□ Furniss, PW (1989) Scheduling and application 
amounts. Presented at an Irrigation Workshop, or
ganised by the South African Institute of Agricultural 
Engineering, Natal Branch. 
Q Furniss, PW and Schulze, RE (1989) Optimum 
irrigation application and crop yield in relation to soil 
properties. Agricultural Engineering in South Africa 
219-18. 
□ Gabb, DMD, Ekama, GA, Jenkins, D and Ma-
rais, GvR (1989) Evaluation of bulking control 
methods for long sludge age activated sludge sys
tems. Paper presented at 1st Biennial Conference of 
the Water Institute of Southern Africa, Cape Town. 
March. 
□ Gabb, DMD, Ekama, GA, Jenkins, D and Ma-
rais, GvR (1989) Incidence of Sphaerotilus natans in 
laboratory activated sludge systems. Wat. Sci. Tech. 
2129-41. 
□ Gehr, R (1989) Operation of DAF plants. Pres
entation and notes given at a short course: Algae in 
Water — Problems and Treatment. CSIR Confer
ence Centre, Pretoria. 14-15 August. 
Q Gehr, R (1989) Removal of THM precursors. 
Presentation and notes given at a short course: Algae 
in Water - Problems and Treatment. CSIR Confer
ence Centre, Pretoria. 14-15 August. 
Q Gomes, AM and O'Beirne, S (1989) Mesoscale 
features of Highveld storm formation. Paper pre
sented at the 6th Annual Conference of the SA 
Society for Atmospheric Sciences, Pretoria. 26-27 
October. 
Q Grosh, RC (1989) Radar observations of heavy 
thunderstorms. Paper presented at the 4th South 
African National Hydrological Symposium, Preto
ria. 20-22 November. 
□ Grosh, RC (1989) Rain making —The promise 
for South Africa. Paper presented at the 1st Biennial 
Conference and Exhibition, Water Institute of South
ern Africa, Cape Town. 29 March. 
Q Grosh, RC (1989) The highly non-linear aspects 
of Z-R and VT-Z cased raindrop terminal fall speeds. 
Paper presented at the 24th Conference on Radar Me
teorology, American Meteorological Society, Bos
ton. Preprint Volume 49-54. 
Q Grosh, RC (1989) Z-R relationships and radar 
rainfall measurement. Paper presented at the 6th 
Annual Conference of the SA Society for Atmos
pheric Sciences, Pretoria. 26-27 October. 
□ Grosh, RC, Mtiller, CM, Galpin, J, Auret, I, 
Hodson, MC, Proctor, DE, Reuter, G and Roos, 
DvdS (1989) PAWS restructured. J. Weather Modi
fication, Weather Modification Association, Fresno. 
94-99. 
□ Harangozo, SA (1989) Storm types in the east
ern Orange Free State and their relation to rainfall 
systems. Paper presented at the 6th Annual Confer
ence of the SA Society for Atmospheric Sciences, 
Pretoria. 26-27 October. 
□ Hattingh, WHJ and Bourne, DE (1989) Re
search on the health implications of reclaimed se

wage effluent in South Africa. S. Afr. Med. J. 76 7-
10." 
Q Hodgkiss, M, Moodie, JW and Hattingh, WHJ 
(1989) Virological studies of water from the Cape 
Flats reclamation plant. S. Afr. Med. J.76 11-13. 
Q Hughes, DA and Beater, AB (1989) The applica
bility of two single event models to catchments with 
different physical characteristics. Hydrol.Sci.Journ. 
34 63-78. 
Q Jenson, VG and Rencken, GE (1989) The effect 
of manifold configuration on the performance of 
cross-flow microfiltration. Paper presented at the 
SAMSIG Symposium, Wilderness. 21-24 Novem
ber. 
□ Juby, GJG (1989) Membrane desalination of 
service water from gold mines. Proceedings of the 
1st Biennial Conference of the Water Institute of 
Southern Africa, Cape Town. March. 
□ Kelbe, B (1989) A multi-site stochastic daily 
rainfall model. Proceedings of the Fourth South 
African Hydrological Symposium, Pretoria. Novem
ber. 55-62. 
□ Kerr, CA and Buckley, CA (1989) Screening 
tests for reverse osmosis and ultrafiltration. Paper 
presented at the SAMSIG Symposium, Wilderness. 
21-24 November. 
□ Kolovopoulus, P (1989) Free surface water level 
computation. Ph.D Thesis, University of the Witwa-
tersrand, Johannesburg. 
Q Kroger, DG(1989) Reduction in performance 
due to recirculation in mechanical-draft cooling 
towers. Heat Transfer Engineering Journal 10 (4) 
37-43. 
□ Lambourne, JJ (1989) The impact of urbaniza
tion on catchment water balance. Paper presented at 
the National Conference on Geosphere - biosphere 
Change in SA, Cape Town. 
Q Lambourne, J and Sutherland, FA (1989) User-
friendly hydrological data management and report
ing system. Microcomputers in Civil Eng. 4(1). 
Q Loos, MA, Bosch, C, Mare, J, Immelman, E and 
Sanderson, RD (1989) Evaluation of sodium lauryl 
sulphate, sodium benzoate and sorbic acid as 
inhibitors of acidification of South African coal 
waste. Proceedings of the 5th Biennial Symposium 
of the Ground- water Division of the Geological 
Society of South Africa, Randburg. 31 July to 4 
August. 
□ Lotter, LH (1989) Biological monitoring of 
activated sludge plants. Paper presented at the Bien
nial Conference of the Water Institute of Southern 
Africa, Cape Town. March. 
Q Lotter, LH and Dubery, IA (1989) Metabolic 
regulation of B-hydroxybutyrate dehydrogenase in 
Acinetobacter calcoaceticus var. Iwoffi. Water SA 15 
(2)65-70. 
Q Lynch, SD (1989) Geographical information 
systems in hydrology. Proceedings of the Interna
tional Conference on Geographical Systems in South
ern Africa, University of Natal, Pietermaritzburg. 
13.1-13.13. 
Q Maree, CJ, Van Zyl, WH and De Jager, JM 
(1989) Crop coefficients for unstressed wheat. Paper 
presented at the Congress of the SA Society of Crop 
Production, Wild Coast. January. 
Q Maree, CJ, Van Zyl, WH, Singels, A and De 
Jager, JM (1989) Determination of canopy surface 

conductance for unstressed wheat. Paper presented 
at the Congress of the SA Society of Crop Produc
tion, Wild Coast. January. 
□ Mather, GK (1989) A new cloud seeding hy
pothesis? Paper presented at the 6th Annual Confer
ence of the SA Society for Atmospheric Sciences, 
Pretoria. 26-27 October. 
Q Mather, GK (1989) Estimates of precipitation 
embryo densities using measurements from an air
craft radar. ./. Appl. Meteorol. 28 1089-1097. 
□ Mather, GK (1989) Towards the development of 
a usable cloud seeding technology. Paper presented 
at the 8th Seminar of the DR de Wet Forestry Re
search Centre Seminar Series, Sabie. 2 November. 
Q Meiring, JA en Oosthuizen LK (1989) Prose-
dure en probleme by die gebruik van 'n gewasgroei-
simulasiemodel. Referaat gelewertydens die Kongres 
van die Landbou-ekonomie Vereniging van Suider-
Afrika, Bloemfontein. 25-27 September. 
□ Moolman, JH (1989) Effect of spatial variability 
on the estimation of the soluble salt content in a drip-
irrigated saline loam soil. Agricultural Water 
Management 15 361-376. 
□ Mottram, R (1989) Irrigation scheduling and 
weather station networks. Paper presented at the 21 st 
National SAIAE Symposium, Brits. 
Q Miiller, C and Grosh, RC (1989) A PAWS case 
study. Paper presented at the 6th Annual Conference 
of the SA Society for Atmospheric Sciences, Preto
ria. 26-27 October. 
Q Nel, AA en Dijkhuis, FJ (1989) Die invloed van 
plantdigtheid, wyse van stikstoftoediening en be-
sproeiingsfrekwensie op koring. Referaat gelewer 
by die Gesamentlike Kongres van die SA Vereniging 
vir Gewasproduksie, die Grondkunde Vereniging 
van SA en die Suider-Afrikaanse Vereniging vir 
Onkruidwetenskap, Wildekus. 23-26 Januarie. 
Q Neytzell-De Wilde, FG (1989) Hydrous zirco
nium (iv) oxide and zirconium/polyelectrolyte 
membranes on porous stainless steel supports — The 
effect of modified substrate pore size on the flux and 
rejection characteristics of the membranes. Paper 
presented at the SAMSIG Symposium, Wilderness. 
21-24 November. 
□ Neytzell-De Wilde, FG, Townsend, RB and 
Buckley, CA (1989) Hydrous zirconium (iv) oxide 
and zirconium polyelectrolyte membranes on porous 
stainless steel supports. Paper presented at the First 
International Conference on Inorganic Membranes, 
Montpellier, France. 3-6 July. 
□ Nicholls, HA (1989) Modelling the activated 
sludge system. Paper presented at the Seminar on 
Nutrient Removal from Waste-water Streams, Magal-
iesburg. 
□ Nicholls, HA (1989) Monitoring and control of 
nutrient removal activated sludge plants. Paper 
presented at the Seminar on Nutrient Removal from 
Waste-water Streams, Magaliesburg. 
Q O'Beirne, S (1989) The area-time-integral method 
of radar rainfall measurement: Some preliminary 
results. Paper presented at the 6th Annual Confer
ence of the SA Society for Atmospheric Sciences, 
Pretoria. 26-27 October. 
Q Odendaal, PE (1989) Implementation of the water 
research act. Paper presented at the Symposium on 
Water: Laws and Management, University of Cape 
Town. 7 July. 
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□ Odendaal. PE (1989) Water research needs in 
South Africa. Paper presented at the Second Sympo
sium on Anaerobic Digestion, University of the 
Orange Free State. 18-20 September. 
Q Patrick. NA (1989) The effect of storm patterns 
on runoff. M.Sc. Thesis. University of the Witwa-
tersrand. Johannesburg. 
□ Pearson. IA (1989) Algal problems in rural ar
eas. Paper presented at Short Course on Algae in 
Water, Pretoria. August. 
Q Pick. WM. Bourne, DE and Sayed. AR (1989) 
Neonatal, post-neonatal and infant mortality in greater 
Cape Town. Paper presented at the Perinatal Priori
ties Conference, Mpekweni. Port Alfred. March. 
Q Pick. WM. Sayed, AR and Bourne, DE (1989) 
Infant and childhood mortality in Cape Town. Paper 
presented at the Conference on Priorities in Paedia
trics. Rustenburg. 6-8 September. 
Q Pienaar. HG (1989) Radar study of cloud anvils 
in the eastern Free State. Paper presented at the 6th 
Annual Conference of the SA Society for Atmos
pheric Sciences. Pretoria. 26-27 September. 
3 Pielerse. MJ (1989) Drinking-water quality cri
teria with special reference to the South Afican 
experience. Water SA 15(3) 169-178. 
G Pillay, VL (1989) Fluid dynamics in porous 
tubes. Paper presented at the SAMS1G Symposium, 
Wilderness. 21-24 November. 
Q Pillay. VL and Buckley, CA (1989) Mechanistic 
model for cross-flow microfiltration. Paper pre
sented at the SAMSIG Symposium. Wilderness. 21-
24 November. 
Q Pillay, VL, Brouckaert. CJ, Raal, JD and Buck
ley, CA (1989) Predicted performance profiles along 
a long-tube cross-flow microfilter. Paper presented 
at the SAMSIG Symposium, Wilderness. 21-24 No
vember. 
Q Pillay. VL, Brouckaert, CJ, Raal, JD and Buck
ley, CA (1989) Predicted performance profiles along 
a long-tube cross-flow microfiltration system. 
Desalination 71 (3). 
O Proctor, DE (1989) Mapping electrically active 
regions in a thunderstorm. Paper presented at the 6th 
Annual Conference of the SA Society for Atmos
pheric Sciences, Pretoria. 26-27 October. 
Q Rencken, GE (1989) The prototype tubular filter 
press at Umgeni Water's HD Hill Water Works: An 
analysis of process data accumulated over more than 
two years. Paper presented at the SAMSIG Sympo
sium, Wilderness. 21-24 November. 
Q Rip, MR, Bourne, DE and Woods, DL (1989) 
The spatial variation of mortality among children 
under 5 years of age in South Africa, 1978-1982. S. 
Afr. Med. J. 75 565-569. 
Q Rossouw, JN and Kelly, H (1989) Recent devel
opments in management orientated models for pre
dicting the impact of eutrophication control meas
ures. Proc. 4th S. Afr. Nat. Hydr. Symp. 373-380. 
Q Sayed, AR, Bourne, DE, Klopper, JML, Cooper, 
PA and Op't Hof, J (1989) Progress towards the 
establishment of a national birth defects surveillance 
system. Paper presented at the Epidemiology Con
ference, Durban. 5-7 July. 
Q Sayed, AR, Bourne, DE, Nixon, J, Klopper, JML 
and Op't Hof, J (1989) A birth defect surveillance 
system in the greater Cape Town area. S. Afr. Med. 
./. 76 5-7. 

Q Schmidt, EJ and Schulze. RE (1989) Regional 
indices of catchment soil water status prior to poten
tial flood producing storms in southern Africa. Pro
ceedings of the 4th National Hydrology Symposium 
(SANCIAHS). 7 pp. 
Q Schmidt, EJ and Schulze, RE (1989) The Cedara 
hydrological research catchments 1974-1989. De
partment of Agricultural Engineering, University of 
Natal, Pietermaritzburg. ACRU Report 34. 
O Schmidt. EJ and Schulze, RE (1989) The De 
Hoek/Ntabamhlope Hydrological research catch
ments 1974-1989. Department of Agricultural 
Engineering. University of Natal, Pietermar
itzburg. ACRU Report 33, 110 pp. 
Q Scholtz, A, Tusenius, M and February, E (1989) 
Xylem anatomy as a tool for palaeoclimatic research, 
Paper presented at the National Conference on 
Geosphere-biosphere Change in Southern Africa, 
University of Cape Town. 4-8 December. 
Q Schulze, RE (1989) (Editor) ACRU: Background, 
concepts and theory. Department of Agricultural 
Engineering. University of Natal, Pietermaritzburg. 
ACRU Report 35. 
□ Schulze. RE (1989) The ACRU agrohydrologi-
eal modelling system for simulating crop yields, 
irrigation water demand and irrigation water supply. 
Paper presented at the SA Institute of Agricultural 
Engineers' Irrigation Engineering Workshop. 21 pp. 
Q Schulze, RE (1989) The ACRU agrohydrologi-
cal modelling system for simulating irrigation re
quirements, water resources and crop yields. Paper 
presented at the 21st National SAIAE Symposium, 
Brits. 
Q Schulze, RE and George, WJ (1989) (Editors) 
ACRU user manual. Department of Agricultural 
Engineering, University of Natal, Pietermaritzburg. 
ACRU Report 36. 
Q Schulze. RE and Schafer, NW (1989) Mapping 
monthly means of daily maximum and minimum 
temperatures in Qwa Qwa. Department of Agricul
tural Engineering, University of Natal, Pietermar
itzburg. ACRU Report 32, 35 pp. 
Q Schulze, RE, Schafer, NW and Lynch, SD (1989) 
An assessment of regional runoff production in Qwa 
Qwa. A GIS application of the ACRU modelling 
system. Paper presented at the International Confer
ence on GIS in Southern Africa, University of Natal, 
INR/CCWR. 13 pp. 
□ Simpson, AE, Groves, GR and Simpson, MPI 
(1989) Technical note: Method for the examination 
of the deposition of dynamically formed hydrous 
zirconium membranes. Water SA 15 (1) 53-56. 
Q Sinclair, M and Wessels, WPJ (1989) Determin
ing irrigation parameters via mathematical program
ming. Paper presented at the Annual Congress of the 
Operational Research Society of South Africa, Uni
versity of the Witwatersrand. November. 
Q Smith, R (1989) A laboratory manual for the de
termination of inorganic chemical contaminants and 
nutrients in sewage sludges, Second Edition. CSIR 
Technical Guide K62, Pretoria. 
□ Smith, R and Vasiloudis, H (1989) Inorganic 
chemical characterization of South African munici
pal sewage sludges, Progress Report No. 4: Work 
carried out from March 1988 to January 1989. 
Q Smith, SJ, Treffrey-Goatley, K and Buckley, CA 
(1989) Pilot study into the use of a tubular filter press 

for the dewatering of sludge at Lethabo power sta
tion. Power Industry Technology Trends. Eskom. 
Johannesburg. May. 
Q Steenkamp, CH and Townsend, RB (1989) Dy
namic membranes for treating wool scouring efflu
ents. Paper presented at the SAMSIG Symposium, 
Wilderness. 21-24 November. 
□ Stcphcnson, D (1989) Application of stormwa-
ter management program. Civil Eng. in S.A. 31 (6) 
181-187." 
Q Stephenson. D (1989) Modular kinematic storm-
water model. Paper presented at the IAHS General 
Assembly, Baltimore. 
Q Stephenson. D (1989) Selection of stormwater 
model parameters. ASCE. ./. Emir. Engg. 115 (1) 
210-220. 
Q Stephenson, D and Kolovopoulos, P (1989) Mo
mentum transfer in compound channels. Paper pre
sented at the International Conference on Channel 
Flow and Catchment Runoff, Charlottesville, USA 
(also selected for a chapter in a book edited by Ben C 
Yen). 
□ Terblanche, DE (1989) 'n Modelleringstudie 
van die inlvoed van cumuluskonveksie op atmosfe-
riese toestande. Referaat gelewer by die Sesde 
Jaarlikse Konferensie van die SA Vereniging van 
Atmosferiese Wetenskappe, Pretoria. 26-27 Okto-
ber. 
Q Townsend, RB (1989) Reporl-back on the firsl 
international conference on inorganic membranes. 
Paper presented at the SAMSIG Symposium, Wil
derness. 21 -24 November. 
Q Treffry-Goatley, K (1989) Membrane system 
design. Paper presented at the SAMSIG Sympo
sium, Wilderness. 21-24 November. 
Q Treffry-Goatley, K, Rencken, GE and Buckley, 
CA (1989) Sizing and optimisation of the tubular 
filter press process for dewatering municipal and in
dustrial sludges. Paper presented at the 1st Biennial 
Conference of the Water Institute of Southern Africa, 
Cape Town. March. 
Q Vanassche, FMG and Laker, MC (1989) The 
effects of soil water stress on the growth and yield of 
maize. Paper presented at the Congress of the SA 
Society of Crop Production, Wild Coast. January. 
Q Van Rensburg, DJ (1989) Sensitivity analysis of 
irrigation design parameters with the aid of the IDES 
computer program. Proceedings of the21stNational 
SAIAE Symposium. Brits. 119-129. 
□ Van Zyl, WH, De Jager, JM and Maree, CH 
(1989) The relationship between daylight evapora
tion from short vegetation and the USWB Class A-
pan. Agric. For. Meteorol. 46 107-110. 
Q Venter, J, Smithen. AA, Schulze, RE and Tain-
ton, NM (1989) The prediction of soil loss based on 
vegetation and soil surface variables in a Natal game 
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