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1. D IRECTOR'S REVIEW 

INTMOUCTUM The National Physical Research Laboratory is active on a nation
al as well as an international front. The objectives of the 
Laboratory can be summarized as follows: 

to contribute, by means of research and the rendering of 
specialized services, towards developing and supporting in
dustry, e.g. establishing new and improved manufacturing and 
analytical techniques; 

to undertake research and development projects in the na
tional interest and where possible to anticipate future 
needs, e.g. developing an import replacement technology, 
conducting groundwater investigations, etc.; 

to establish national facilities and act in an advisory ca
pacity to promote physical science in southern Africa, e.g. 
the national acoustics facility, age determinations, etc.; 

to maintain the national measuring standards of mass, 
length, time, temperature, electricity, light, pressure and 
dosimetry in compliance with Act 76 of 1973; 

to participate in the activities of international organiza
tions, e.g. IUPAP*, IUPAC*, CGPM**, etc.; 

to co-operate with overseas institutes by placing our faci
lities at their disposal and by making scientific contribu
tions to, e.g. the International Geodynamics Programme, the 
Nimbus-7 Satellite Programme and the Global Environmental 
Monitoring Programme. 

In this way the Laboratory endeavours to stay abreast of the la
test developments, thereby maintaining and extending a solid in
frastructure in physics which can be applied to the advantage of 
the country; economic and social welfare. To illustrate our 
efiorts towards achieving the above aims a number of highlights 
are cited. 

Several organizational changes were made in the course of the 
report period. As from 1 July 1931 the previous Applied Spec
troscopy and Electron Microscopy Divisions were consolidated to 
form the Materials Characterization Division under leadership of 
Dr J T Fourie. This Division was subdivided Into six functional 
sections for administrative purposes (see Organizational 
Chart). Furthermore, the previous Physics of Materials and High 
Pressure Physics Divisions were reorganized into an Electronic 
Materials Division, headed by the newly appointed Dr H Booyens, 

* 1UPAP/IUPAC: International Union of Pure and Applied Physics/ 
Chemistry 

**CGPM : Conference Generale de Poids et Mesures 
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and the Ceramics, Glass and Phase Studies Division under leader
ship of Dr J B Clark. The Ion Bombardment Division was disband
ed due to the departure of key personnel and the remnant of its 
activities incorporated in the Electronic Materials Division. 
Two new divisions were created, the Metal Physics Division under 
Dr N R Comins and the Physical Metallurgy Division under Dr H 
Fidos, as an expansion of the activities initiated in the pre
vious Physics of Materials Division. 

During the past year several staff members distinguished them
selves. The Director, Dr A Strashef» was elected Chairman of 
the IUPAC V IV commute*. Dr J T Fmrie and N R Comins were 
elected Honorary Life Members of the Electron Microscopy Society 
of Southern Africa (EMSSA) for exceptionally meritorious service 
to the Society as well as for the outstanding achievement in re
search application of electron microscopy. Dr I I Comins, Mr 
J T Thirl wall and Mrs J Harris received the Microstructure Award 
for the most innovative paper presented in the 'Instrumentation 
and Techniques' Section of the Annual Conference of EMSSA. Dr 
N R Covins was also presented with the SMM* award for the most 
outstanding paper published by the South African Journal of 
Physics during 1981. C J Kok was appointed President of SANCI** 
and Mrs Janet McQueer was awarded a third prize in an interna
tional metallography competition administered by the Institution 
of Metallurgists in Britain. 

APPARATUS 
Vacuum ultraviolet spectro- The vacuum ultraviolet spectrometer, in i t i a l l y called the 'uni-
m e t e r versal spectrometer', was originally designed and built in the 

Laboratory, as reported last year, to operate in the 1 8 0 - 5 0 0 
ran spectral region. After completion i t was realized that, 
since the instrument was capable of being evacuated, its useful
ness would be enhanced if i t were to be modified to include the 
vacuum ultraviolet range and to eliminate overlapping of spectra 
from the two different gratings. One of the two gratings as 
well as the beam splitter were rotated, s l i t positions were 
changed and the fibre optics replaced by mirrors in some of the 
trolleys. 

Results obtained in the 160 - 200 nm vacuum UV range are very 
good. From the tests that were performed, virtually no back
ground interference was detected and a very low stray light 
level was obtained. I t is evident that the spectrometer is 
about to become a very useful analytical and research instrument 
in the well-equipped Materials Characterization Division. 

Semiconductor characteriza- T n e newly created Electronic Materials Division of the NPRL has 
tion equipment been Involved In the assembly and commissioning of a number of 

new pieces of semiconductor characterization apparatus. Besides 
the development of standard computer-controlled current-voltage, 
capacitance-voltage and resistivity apparatus, a cryogenic Hal 1-

* SMM: SMM Instruments (Pty) Ltd 
"SANCI: South African National Committee for Illumination 
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effect system has been put into operation. This apparatus is 
used to determine the carrier concentration, Hall mobility and 
resistivity of semiconductor materials as a function of tempera
ture. Such measurements are among the most crucial in semicon
ductor research and allow the study of defect and dopant energy 
levels in semiconductors. Although the system is at present 
used only to liquid nitrogen temperatures, it has in fact been 
designed to operate to liquid helium temperatures. This is 
especially important in the study of shallow donors and accep
tors. The use of a magneto-optical cryostat also allows the 
study of the low temperature optical and maqnetic properties of 
narrow gap semiconductors such as HqCdTe. 

RESEARCH 

Age determination of stalaq- Comparison of hiqh precision radiocarbon and ionium age determi-
m nations on a stalagmite from the Cango Caves by the Natural Iso

topes Division has revealed considerable discrepancies between 
the two dating methods in the time range 18 000 to 40 000 years 
ago. During most of this period the C-14 aqes are a few thou
sand years younger than the Th-230 ages, except between 35 000 
to 30 000 years Before Present, where the C-14 assays show a 
marked distortion in the time scale. Since C-14 production in 
the atmosphere is directly controlled by the magnetic field of 
the earth, fluctuations in the C-14 time scale can be attributed 
to temporal changes in the geomagnetic field strength, for which 
there is also other evidence. The consequence of these findings 
is that C-14 and Th-230 dates are not directly comparable with 
each other. 

Oxygen isotope measurements on the same stalagmite have enabled 
the reconstruction of environmental temperatures in the southern 
Cape Province over the past 40 000 years. The coldest period 
was between 20 000 and 16 000 years BP when the average annual 
temperature in the Little Karoo dropped to 5,5°C below the pre
sent value. 

Measurinq of shear strpnqth In manufacturing processes where high pressures and temperatures 
are used, e.g. in the synthesis of diamonds and cubic boron ni
tride, it is important to characterize and control the transfer 
of pressure and heat. Various methods for measuring shear 
strength, compressibility and thermal conductivity were there
fore investigated. 

A technique for measuring shear strength has been successfully 
developed by the Ceramics, Glass & Phase Studies Division. 
Materials like natural and preburned pyrophillite were tested. 
They all showed an increase in shear strength with pressure and 
their temperature dependence proved compatible with existing 
theories. For the first time it is possible to measure these 
important parameters with the required accuracy necessary to 
control the manufacture of, e.g. synthetic diamonds. 
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Due to the destructive nature cf standard techniques for deter
mining minority carrier diffusion lengths in semiconductors, 
these techniques are not very practical for routine materials 
characterization. With this problem in mind a non-destructive 
optical technique has been developed by the Electronic Materials 
Division to determine diffusion lengths in silicon. The techni
que is based on an electrolyte-semiconductor cell formed with HF 
and the Si sample being tested. A computerized model has been 
developed to assist in the interpretation of the results of 
analyses performed by this technique, and has been applied suc
cessfully in a study of heat treatment of silicon. 

Boron, which plays an important role in the hardening character
istics of steel, can occur in various forms, e.g. a fraction 
soluble in iron and a fraction in the form of insoluble boron 
nitride as an inclusion in the steel. Only the former is effec
tive in the hardening process and poses an extremely difficult 
analytical problem. 

A method was developed by the Materials Characterization Divi
sion whereby the insoluble fraction was determined by analysing 
the residue of a sample which had been leached in an iodine-
methanol mixture. The total boron content was obtained by dis
solving the sample in an acid mixture. The difference between 
the two results represents the effective boron content in the 
steel. 

The boron content determination of the solutions was done by 
means of emission spectrometry with an inductively coupled plas
ma source and a high resolution scanning monochromator. This 
type of analysis has contributed greatly to rationalizing the 
study of the hardenability properties of stainless steel which 
is undertaken by the Laboratory. 

DEVELOPMENT 

A new glow discharge source Conventional low pressure gas discharges are eminently suitable 
as sources for the performance of analyses by emmission spectro
metry. However their radiation intensity is relatively low. A 
new source with an additional discharge in the form of a micro
wave discharge has been developed by the Materials Characteriza
tion Division which incre?.es the spectral line intensity by a 
factor of 20. As a result the glow discharge lamp can now be 
used as a source over a much wider range of materials. In addi
tion, the Atomic fluorimeter, also developed in the Laboratory, 
is rendered even more sensitive for the analysis of metals by 
measuring the fluorescence induced by such a boosted source in 
an atomic vapour, thus making it an extremely attractive system. 

A whole range of porous glass and glass ceramics has been devel
oped in the Laboratory. Until recently the only porous glass 
available commercially to science and Industry had a silica 
base, which had been developed over 50 years and was patented in 
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the USA. The process is based on phase separation in a borosi-
licate glass of which one phase can be leached out by water. 
The remaining porous skeleton has a wide range of important ap
plications, e.g. for ultra filtration, desalination and isola
tion in the medical field, petrochemistry, chromatography etc. 

The Ceramics, Glass & Phase Studies Division has succeeded in 
replacing the insoluble silica skeleton with oxides of elements 
which show vastly superior resistance to high temperatures and 
acids. To date about 200 new compounds have been developed. 

High energy density bat- Extensive studies are under way for the development of high 
teries energy density chemical cells of general sequence: 

sodium metal / beta alumina / high energy density cathode 

Various cathode materials are currently being investigated by 
the Electrometallurgy Division in this study. A cathode based 
on a zeolite-sulphur sorption complex has been developed to an 
advanced stage showing high energy and power densities. Good 
cell lifetime has been demonstrated while the basic r»w mate
rials are cheap and abundant. 

A project has been undertaken by the Ceramics, Glass and Phase 
Studies Division to establish the technology for the local manu
facture of barium hexaferrite permanent magnets from South Afri
can raw materials. Once established, this technology is to be 
industrialized and magnets will be manufactured for the communi
cations industry. These processes could be applied with small 
adjustments to the manufacture of maqnets that are, at present, 
being imported for mineral dressing in the mining industry. The 
first phase of the study concerns the establishment of produc
tion parameters using conmercia] ferrite powder. The second 
phase will extend these processes to local raw materials. Ex
cellent progress has been made in both respects. 

NATIONAL ACTIVITIES 
Background monitoring at Monitorinq of gases at Cape Point is part of the Atmospheric 
Cape Point Sciences Division's participation in the international Global 

Environmental Monitoring project. Six trace gases are being 
monitored at present, all of them havinq direct or indirect man-
made sources. They were chosen because of their importance in 
atmospheric chemical cycles or their possible effect on world 
climate. For example, the halocarbon Freon-11 has been banned 
from unessential uses in the northern hemisphere because it may 
cause depletion of stratospheric ozone and thence an increase in 
ultraviolet radiation reaching the surface (which could lead to 
an Increase in the incidence of cancer), while carbon dioxide 
may bring about qlobal warming as a result of its absorption of 
long-wave radiation from the earth. The concentrations of both 
Freon and carbon tetrachloride in air of maritime origin have 
been found to be increasing steadily with time. No increase of 

Development of permanent 
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carbon monoxide has occurred but seasonal fluctuations similar 
to those of the northern hemisphere hav» been observed. 

The project leader was invited to the Max Planck Institute (MPI) 
Mainz during the ye*r. This institute had supplied some of the 
equipment for Cape Point and after this visit additional equip
ment was provided for measurements of ozone and methane. Next, 
followed a visit to South Africa by two members of the MPI and 
the suggestion that a continental baseline station should also 
be set up in South Africa. The importance of the South African 
station stems from the fact that there are relatively few relia
ble background monitoring stations, especially in the southern 
hemisphere where the ratio of sea to land is high. Oceans may 
be an important sink (or source) of trace gases so that it is 
important for further observations to be made here in the south
ern hemisphere until sufficient data have been accumulated to 
enable reliable predictions about possible climatic effects of 
pollutants to be made. 

Primary pollutants from motor vehicles such as lead, oxides of 
nitrogen (N0 X), carbon monoxide and hydrocarbons were deter
mined. Carbon monoxide and hydrocarbon decreased and lead re
mained constant. However, N0 X and a secondary pollutant (i.e. 
the froduct of a primary pollutant and air or sunlight) namely 
ozone, had increased. It was found that the increase in ozone 
could be attributed to the increase in N0 X which in turn, to
gether with the decrease in CO and HC, could be attributed to 
the development of more efficient motor engines. 

In addition, where a mixture of alcohol and petrol was used, the 
aldehyde concentration increased -vhich enhances the formation of 
ozone. As a result, ozone concentrations can be expected to in
crease even further which could pose a definite health hazard. 

Regular monitoring is therefore envisaged not only to prevent 
possible harmful effects but also to avoid prematu-e costly con
trol measures. 

The small group engaged in studies of cloud physics and hail
storms has over the years acquired a great deal of information 
on the hail and storm climatology of the Transvaal Highveld. 
The expertise of this team has been applied during the past year 
to a number of diverse problems such as testing the resistance 
to hail of insulation covering vast storage tanks, investigating 
the nature of ice particles shed from pellets of dry ice when 
used for cloud seeding and planning a study to estab.ish the re
lationship between crop hail damage and various haiIfall para
meters. Hailfall characteristics will be measured by a new type 
of hailpad developed in the Laboratory. Three networks of such 
hailpads have been established in Pretoria and they are provid
ing information on haiIfalIs down to a resolution that has not 
been achieved hitherto. 



Age and origin of the 
Ngwadolo granite in Natal 

Previous geochronological dating indicated a corresponding age 
for the Namaqua and Natal coastal regions. Since the Namaqua 
rocKS are known to yieH minerals of economic and strategic im
portance, similar possibilities were anticipated in the Natal 
counterpart. Geologists of the University of Natal found a pro
mising granite body in the Mgeni River valley and the Geochrono-
loqy Division of the NPRL subjected the granite to Rb-Sr and 
trace element determinations. It was found that this granite 
body would probably not yield the expected * in-type basic mine
rals, but that the presence of e.g. uranium was a possibility. 
The investigation has therefore been extended to other parts of 
Natal to evaluate the economic potential of the geolocical 
structure. 

Deep structure of the 
Eastern Bushveld Complex 

The Bushveld Complex is well-known for its chrome, platinum, tin 
and other important metals, including gold. It is more or less 
circular in outcrop and covers large parts of central and east
ern Transvaal. Because of its unique feature* and economic im
portance, the complex has b»en studied intensively over the 
years, yet relatively little is known about its deep structure. 

As part of the South African National Geoscience Programme, the 
Geophysics Division undertook a preliminary study of the deep 
structure of the Eastern Bushveld Complex. The study was great
ly facilitated by the Division's earlier discovery that the gra
phitic shale layer in the Silvert. n Formation of the sedimentary 
Pretoria Group is highly conductive. Thirteen deep electrical 
soundings proved the presence of the ronductive layer underneath 
most of the lithological units comprising this part of the Com
plex, and indeed along its entire eastern margin. Because of 
this excellent electrical marker, the gecelectrical horizons in 
different parts of the study area were easily identifiable. 

A preliminary analysis of the field data indicate that the mafic 
rocks of the complex are thinner towards its centre than would 
be expected on the basis of stratigraphic extrapolations. Ano
ther important finding that ties in with earlier gravity inter
pretations is the probable absence of mafic rocks underneath the 
Bushveld Granites in the Eastern Bushveld Complex. These find
ings not only extend our basic knowledge of the Complex but 
could have important economic significance. 

Speaker identification and 
transcription of recordings 

Research in the Physical Acouscics Division led to the develop
ment of methods to identify a speaker by analysis of his speech, 
and methods to improve recordings of poor quality so that trans
criptions of such recordings can be made. On completion of this 
work the sponsor took over the equipment as well as the trained 
staff member who is now applying the results of the research to 
render a service for which there is a great need. 
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The Physical Acoustics Division was called upon to co-operate 
with the National Mechanical Enqineering Research Institute to 
investigate the cause of a very low frequency air oscillation 
which occurs in the shaft of a qold mine on the Reef. This os
cillation is so intense that there was concern for the safety of 
the mine workers using this shaft. It was also feared that vi
brations induced in the shaft beams and in the conveyances might 
lead to metal fatigue which could have serious consequences. 

It was established that the air oscillation was a resonance phe
nomenon in which the mine ventilation air flowing down the shaft 
gave rise to vortex formation as it passed the horizontal beams 
in the shaft and the frequency of these vortexes coincided with 
the transverse resonant frequency of the mine, 21 Hz in this 
case. 

The Division could help to specify combinations of air speed and 
shaft diameter which should be avoided in future mines. The so
lution suggested for the existing problem was to attach vortex 
spoilers to the beams to prevent vt-tex shedding which is the 
source of the acoustic energy at 21 Hz. 

Co-operation between NPRL and the National Building Research In
stitute with the Human Sciences Research Council resulted in a 
study of the ability of children in a normal school classroom to 
function adequately when given an auditory task against a com
peting backqround of noise. 

A sound-absorbing ceiling was installed in one of two identical 
classrooms and 8 to 10 year old subjects were tested in both 
classrooms on an auditory task against a background of traffic 
noise. The results showed that all children performed better in 
the room with the absorbent ceiling and that certain children, 
although their hearing acuity was normal, had more problems than 
others in performing aural tasks in an acoustically inadequate 
room. The study also showed that even a modest acoustic treat
ment, such as the mere addition of an acoustically absorbent 
ceiling, Improved conditions to near optimum. 

National Calibration Service The number of Approved Laboratories has now risen to 24 but 
CCS) there 1s still no NCS Approved Laboratory in the Durban area. 

The fields in which the existing Approved Laboratories operate 
are Dimensional, Electrical and Temperature Metrology. The NCS 
1s prepared to accept applications for approval in Pressure and 
also In Radiation Dosimetry. Once a national measuring standard 
has been established, applications can also be accepted in the 
field of Force. 

It Is a matter of concern that the national measurinq standards 
are still Inadequate and this Inadequacy 1s becoming more mark
ed. Much of what has been achieved so far has been based on 

Oscillation of air m a mine 
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improvisations and contingency measures. Any mishap w i l l se
r iously affect the c r e d i b i l i t y of the NMS & M Div is ion. 

Contacts have been made with European cal ibrat ion services with 
a v^ew to arranging mutual acceptabi l i ty of cal ibrat ion c e r t i f i 
cates. I t is expected that formal negotiations w i l l be started 
one.? a preliminary exchange of v i s i t s by assessors has taken 
place. 

PERSONNEL 

Personnel statistics from 1978 are given in Table 1. 

PERSONNEL i978 1979 1980 1981 1982 

Research personnel 
Number of posts 112 118 121 130 135 
Resignations 11 22 12 17 10 
Appointments 13 19 15 15 14 
Increase in posts -1 6 3 9 5 

Technical personnel 
Number of posts 70 83 95 92 96 
Resignations 14 6 6 10 12 
Appointments 10 15 18 20 20 
Increase in posts -7 13 12 -3 4 

Administrative personnel 
Number of posts 20 23 24 29 29 
Resignations 2 1 5 3 4 
Appointments 5 3 6 9 6 
Increase in posts 0 3 1 5 0 
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2. RESEARCH A C T I V I T I E S 

2.1 APPLIED PHYSICS 

National Calibration 
Service 

Absolut* Radioacter 

Tiae Transfer using 
S M C TV 1 Service 

2.1.1 NATIONAL MEASURING STANDARDS AND METROLOGY 

This Division maintains the national standards of length, mass, 

time, temperature, electricity, light, pressure, force and ra

diation dosimetry in the Republic of South Africa and develops 

improved methods for the measurement of these physical quanti

ties. It assists industry by performing accurate calibrations, 

solvinq measurement problems and undertaking small research and 

development projects in metrology 

National Calibration Service (NCS) 

OM**ctiv«ï 

To provide traceable cali
brations by approving exist
ing laboratories 

Summary 

The NCS continues to ex
pand. New fields are being 
included, e.g. Temperature, 
Force, Radiation Dosimetry 
and Pressure. Education and 
training in metrology is be
ing organized. Attempts 
have been initiated to ob
tain mutual recognition of 
certificates with overseas 
national calibration ser
vices. 

There are at present 24 Approved Laboratories operating in the 

fields of Dimensional, Electrical and Temperature Metrology. 

NCS criteria have been written for Radiation Dosimetry, Pressure 

and Force. A few laboratories have expressed interest in seek

ing NCS Approval in each of these fields. In the particular 

case of Force, no national measuring standard exists, although 

discussions concerning this unsatisfactory situation have recur

red at intervals over the past few years. Steps have now been 

taken to establish a set of load cells as a national measuring 

standard for Force. 

The NMS & M Division has devoted considerable time to education 

and trainlnq in metrology. A two-week course in Electrical Me

trology was run in October 1981 and a two-day workshop on Di

mensional Metrology was held in March 1982. As a follow-up to 

the former the Division has arranged a correspondence course of 

questions for which written answers are required. The response 

to this course has been most enthusiastic. 

As the NCS matures, an ever increasing demand for higher accura

cies and a wider range of parameters is placed on the national 

measuring standards. This demand is also emphasized by the 

NCS's realistic goal of obtaining recognition from overseas na

tional calibration services. Contacts have already been made 

with senior representatives of the Calibration Services of 

Italy, Britain and Germany. Prospects for obtaining mutual re

cognition with these countries appear to be good. 

Oblecti^s 

To discharge the CSIR's re
sponsibilities in terms of 
Act 76, 1973. 

Measuring Standards 

The Division has been fortunate 1n recruiting several good 

scientists and technicians over the past year. The sections 

working on Radiation Dosimetry, AC Electricity, Dimensional 
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Summary 

New staff have been recruit
ed, allowing work on Force 
to be initiated. Work on 
the design and construction 
of certain measurinq instru
ments has also been start
ed. Time and frequency 
transfer by SABC-TV contin
ues to be successful. The 
capabilities of the Tempera
ture Section must be improv
ed. In general, the nation
al measurinq standards are 
not adequate to support the 
proper development of the 
NCS. 

Metrology and Liqht Measurements have been strengthened. In ad
dition, work on the establishment of a national measuring stan
dard for Force has been initiated. Buildinq work has created 
conditions which have made it impossible to proceed with cali
bration activities for long periods in some sections (Radiation 
Dosimetry) and other sections {Length, Pressure) have suffered 
numerous interruptions. 

In Lenqth, the technology developed for the Michelson interfero
meter is beinq used to design and construct a new measuring in
strument for length bars. In Electricity the work on AC/DC 
transfer is expected to provide a national measuring standard 
for AC within two years and a new project to design and build an 
instrument to measure RF has also been initiated. As much time 
will be required to finish the absorbed dose calorimeter in the 
Radiation Dosimetry Section. The new methods for disseminating 
Time and Frequency by means of SABC-TV have aroused interest in 
the SABC itself, ESCOM and the Post Office as well as in NCS 
Approved Laboratories. In Temperature it is apparent that In
dustry (ISCOR) now requires measurements of temperature in the 
works environment at accuracies close to that which the NMS & M 
Division has been providinq for calibrations. It is obvious 
that attention must be given to the improvement of accuracy ca
pabilities in the Temperature Section. 

The work in Force is based on the latest research and develop
ment results which indicate that load cells are very much more 
reliable, accurate and stable than they were considered to be in 
the past and that conventional dead-weight and hydraulic force 
machines are by no means capable of such high accuracies as was 
once thought. It has therefore been decided to establish a na
tional measuring standard for Force based on a set of load cells 
which will be calibrated at the PTB (W Germany) and intercompar-
ed in the NMS & M Division using a load cell comparator special
ly desiqned and constructed for the purpose. By this means the 
stability and accuracy of the load cells will be controlled and 
traceable calibrations for NCS Approved Laboratories in Force 
will become available. 

The predicted rapid increase in the demand for calibrations of 
all kinds is being satisfied to some extent by NCS Approved La
boratories. It is unfortunate that the national measuring stan
dards are still inadequate and that current difficulties are in 
the main resolved in a temporary manner by means of improvisa
tions and expediences. 

Absolute Radiometer 

Objectives 
To serve as the primary 
measurinq standard in the 
field of liqht and optical 

At present the emphasis is placed on consolidating the leading 
position attained in this field and to extend the applications 
into related areas. To this end, work is continuing to develop 
sophisticated software for the HP 85 desktop computer which 
controls the operation of the absolute radiometer. Attention is 
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radiation measimnent, 
to be used for basic 
search in this field 
metrology and 

of 

to develop compact versions 
of the NPSL laoratory model 
for commercial purposes. 

Summary 
Development work is continu
ing on methods to use the 
existing radiometers for the 
measurement of laser pulse 
enerqy and thus to establish 
a measuring standard in this 
field. Another area being 
investigated is the develop
ment of a measuring head 
suitable for use as a micro
wave power standard. 

beinq given to signal processing and to the writing of test pro
grams for the automatic measurement of instrument parameters. A 
second area being investigated is the use of the absolute radio
meter for laser energy measurements. Both programs and measur
ing techniques are being developed and tested for this purpose. 
It is expected that this work will result in a number of re
search papers being published in the near future and a substan
tial contribution being mrrfe to the state of the art in this 
field. 

Work is also proceeding on developing a power measuring head for 
microwaves. It is planned to use the complete electronic ope
rating system as developed for the absolute radiometer also for 
the microwave measurements. Although progress is expected to be 
rapid for that reason, the design, construction and testir.g of 
the new measuring head will nevertheless require considerable 
time. The first experimental results are expected in about a 
year's time. 

Goniophotometer 

Objective 
To serve as national measur
ing standard for luminous 
flux. 

Summary 
The goniophotometer is a 
specialized instrument for 
deriving luminous flux stan
dards from luminous intensi
ty standards calibrated with 
the absolute radiometer. Its 
testing phase is almost com
pleted and it is envisaged 
that the instrument will be 
used for actual calibrations 
from the end of 1982. 

Several improvements were made to the instrument since 1981 in
cluding an improved lamp holder to reduce shielding effects near 
the base of the lamps to be measured, a lamp alignment system 
using a laser beam and a considerably faster data acquisition 
and processing system. The latter system is based on a special
ly designed microprocessor control unit, which operates under 
the control of a desktop computer. In a typical measuring run 
the microprocessor must acquire about 100 000 16-bit data and 
perform about 10 000 arithmetic operations (divisions, multipli
cations and additions). Because of its high speed, it is possi
ble now to complete such a measurement in about 20 minutes com
pared to the 90 minutes required in the pilot experiments, where 
the desktop computer was not supported by the microprocessor 

Extensive test measurements have confirmed that the goniophoto
meter 1s performing well within its design specifications. Most 
of the correction factors have already been determined and there 
seems to be no obstacle to usinq it for actual calibration work 
from the end of 1982. One Improvement, which will be made soon, 
1s to store the microprocessor's machine language program per
manently 1n a semiconductor memory rather than loading 1t from 
tape each time. 

Time Transfer System using SABC TV 1 Service 

Objective During the report period the SABC TV time transfer system has 
To co-ordinate the time b e e n extended to Include 12 laboratories holding 15 precise 
scales of precise clocks (atomic) clocks. These clocks are compared with the national 
with in the service area of 
any SABC TV 1 transmission 
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to a precision of 50 nano
seconds. 

Sutnary 

Tests made on the SABC time 
transfer system have shown 
that the design objectives 
of this system have been 
achieved. 

clock at the NPRL in a routine weekly schedule which is designed 
to provide the data needed to assess the possibility of generat
ing a national time scale based on a weighted mean of these 
clocks. 

Usinq the results obtained from certain tests included in this 
routine schedule, it has been shown that the TV time transfer 
system is capable of clock time scale co-ordination within 35 
nanoseconds at a confidence level of 99,7%. 
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2.1.2 OPTICAL SCIENCES 

Optical Design and evalua
tion 

Processing of Optical Mte-
rials 

Physical Optics (including 
holography and optical 
and data; processing) 

lhin-fila Optics 

The study of modern optics and its many applications is under
taken by the Division whose primary object is to support the RSA 
with scientific backqround knowledge and expertise in this wide 
and complex field. Emphasis is placed on those aspects which 
have either already been proved to be of technological and stra
tegic value, or which are of potential importance in these di
rections. 

Phutu effects (e«g. 
electricity and related 

) 
Optical Sensing 

Objectives 

To develop the capability 
for designing optimized sys
tems for the Division's own 
use or on request, and 

to acquire evaluation faci
lities and expertise to be 
able to prove the validity 
of theoretical optical and 
electro-optical system de
signs or to evaluate the ap
plicability of completed 
systems. 

Summary 

Besides the installation of 
the updated version of COPE 
V, proqrams were developed 
to allow ray tracing through 
optical components, and 
analysis of the pumping ef
ficiency of laser cavities. 

Work on qeneral design stu
dies was continued. Optical 
systems for the IR reqion 
and a 3 x zoom system were 
designed. The WTP program 
was used to investigate the 
accuracy of the heterochro-
matic MTF as a function of 
the number of wavelengths. 

Optical Design and Evaluation 

fa) Design facilities 

Durinq the year the most recent version of CODE V was installed, 
which apart from several enhancements, also removes most of the 
software problems of the original version. 

Software was developed on the Cyber 174 to allow ray tracing 
throuqh various shapes of optical collector. The aim of the 
software is to determine the efficiency of energy collection. 
It has applications in the field of solar energy in addition to 
more sophisticated optical systems. 

An existinq software program was implemented to allow analysis 
of the pumping efficiency of laser cavities (see Fig. 1). This 
program is beinq further developed and a study will be made, in 
collaboration with the Laser Section, of various possible cavity 
configurations. Both this software and the collector program 
make extensive use of the recently installed Nicolet-Zeta 1453 
interactive plotter. 

(b) General design studies 

Usinq the 20 wavelength MTF program, developed durinq the pre
vious year, an investigation1 was made of the accuracy of the 
heterochromatic MTF as a function of the nuniber of wavelengths. 
Several common lens types, Including monocular and blocular eye
pieces, were evaluated but no general conclusion was possible, 
as the number of wavelengths required depends on the state of 
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Figure 1 
Monte Carlo simulation of 
the punping efficiency of a 
laser cavity 
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CNCRGT DISTRIBUTION IN LASER M O 

Various design studies on 
specialized optical systems 
were carried out on behalf 
of external sponsors and 
prototypes were produced in 
some cases. The Section 
also continued to render the 
essential service of optical 
evaluation to various orga
nizations. 

aberration correction of the specific lens, and its application, 
with accurate simulation in some cases requiring only three 
wavelengths. 

Work continued on the desiqn of optical systems for the infrared 
spectral region. In terms of afocal systems the scope of the 
study has been expanded to include the 3-5 ym spectral region. 
In the 8-14 urn spectral region the major emphasis has been on 
the theoretical design of zoom systems and in particular, how 
these can be improved throuqh the use of chalcogenide types of 
material. 

A 3 x zoom system with a maximum focal length of 120 mm and 
suitable for use with electro-optical systems of extended red 
sensitivity, has also been desiqned and is about to be manufac
tured. This design is shown schematically in Fig. 2. 



ffl-OCH 
POSITION 1 

POSITION 2 

POSITION 3 

(c) Specialized optical systems 

The final design of two different biocuiar eyepieces and the ma
nufacture of one prototype of each was completed. Although de
signed using the same locally developed philosophy, the applied 
physical constraints were significantly different. Both eye
pieces, toqether with other available biocuiar eyepieces of 
similar focal iength (~48 mm), are currently being evaluated for 
various inherent aberrations, and their effect on the visual 
comfort of the observer. It is hoped that this study will re
sult in a better understanding of the more significant biocuiar 
aberrations and permit a scientifically based trade-off in fu
ture designs between optimum correction and mechanical con
straints. 

The design and manufacture of two prototype 65 mm f/1,2 objec
tive lenses were completed. The design of these high perfor
mance lenses emphasized minimum glass weight and compactness. 
Various other design studies were carried out on behalf of ex
ternal sponsors, and prototype optical systems were produced in 
some cases. 



(d) Optical evaluation 

Several evaluations were carried out on both optical and elec
tro-optical systems for outside organizations while the facili
ties were also used to verify the performance of in-house de
signed and manufactured prototype optical systems. 

The electronics of the Division's existing transmission gauge 
was completely redesigned and replaced, leading to a better sta-
bi1 ty and higher accuracy in general transmission measurements. 

Processing of Optical Materials 

Objective 
To do research and develop
ment on processing techni
ques for different optical 
materials in the UV, visible 
and IR regions, and to apply 
these techniques in the ma
nufacture of optical compo
nents. 

Development 

During the past year specialized manufacturing techniques were 
developed to produce several unusually shaped components, such 
as miniature laser mirrors, light weight glass mirrors, aspheri-
cal lenses and a glass light beam chopper blade. 

Processing techniques of infrared-transmitting materials (like 
ZnSe) were investigated, and prototypes of five different elec
tro-optical systems consisting of 80 lenses and 10 prisms were 
successfully manufactured and assembled in collaboration with 
the Design and Evaluation Section. 

Services 

The Optical Workshop again manufactured a large number of compo
nents for orqi» lizations both within and outside the CSIR, as in
dicated in Section 3. 

Objective 

Physical Optics 

(a) Holography 

(b) Optical image and data processing To acquire background know
ledge and expertise in holo
graphy and optical image and 
data processing techniques Both these important activities have been dormant during the 
because of their important p a s t ^^ b e c a u s e o f o t h e r TOre u r q e n t t a s k s > application potential. 

Obiectiv? 
To assist industry and other 
organizations by providing a 
local coating service for 
optical components, and to 
investigate and carry out 
development work on thin-
film systems. 

Thin-film Optics 

(a) Routine work 

As indicated in Section 3, Services, the Thin-film Optics Sec
tion continues to provide a coating service to the Optical 
Sciences Division, other CSIR institutes, government depart
ments, outside organizations and universities. 
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Summary (b) Research and development 

Most of the manpower was de
voted to rendering services 
such as routine, production 
and prototype coatings; re
search work played a rela
tively minor role. 

Developmental work was done 
on reactive coating techni
ques because of its applica
tion to the production of 
hiqhpower laser mirrors. 
Experiments have been ini
tiated to investigate thin-
film coating techniques for 
the far IR region, initially 
for producing a wide-band 
antireflection system. 

the evaluation facilities of 
the section were extended by 
upgrading the existing appa
ratus for measuring refrac
tive indices and by the de
velopment of an apparatus 
for determining absorption 
coefficients in the evapo
rated layers. 

Research work on the co-
evaporation of two compat
ible materials to obtain 
layers with intermediate re
fractive indices is being 
continued. 

(i) Reactive evaporations 

The technique of reactive evaporation, that is, the eva
poration of unstable materials in an active gas atmosphere, 
e.g. oxygen, to establish a controlled reaction at the substrate 
surface, has been reasonably well established, especially for 
the production of high-power laser mirrors and filter systems 
capable of handling 100 MM pulses of 10 nanosecond duration. 

The reactive evaporation technique, which has been used 
till now, offers various advantages: 

• It is relatively simple and can easily be adapted to a 
production environment. 

• it opens up a wider range of materials, in particular the 
metal oxides, and consequently a wider range of refrac
tive indices becomes available which in turn would sim
plify design techniques, e.g. for antireflection systems, 
and 

• more robust thin-film systems become feasible with the 
availability of absorption-free oxide layers. 

Evaluation experiments on refractive indices, dispersion 
data and absorption with respect to evaporation parameters have 
been done on numerous oxides such as T1O2, T a ^ , Zr0 2, A1 20 3, 
SÍO2 and commercially available oxide mixtures. 

(ii) Infrared materials study 

Infrared detecting systems operating in the 3-5 ytn and 
8-14 urn regions are becoming more commonly used and sophisticat
ed, so that the demands on thin-film techniques in these regions 
are increasing. An investigation has been launched to study dif
ferent properties of IR materials and their dependence on evapo
ration parameters with the ultimate aim of establishing techni
ques for the production of, initially, a wide-band antireflec
tion system for the 8 to 14 pm region. Properties already stu
died are topography, structure, crystal properties and chemical 
composition of ZnS, and techniques used include scanning elec
tron microscopy (SEM), X-ray diffraction and Rutherford back-
scattering. 

(iii) Evaluation 

Evaluation of evaporated layers forms a very important 
part in establishing efficient thin-film optics systems. Addi
tional to the normal transmission and relative reflectance mea
surements, a high precision spectrometer has been adapted for 
measuring refractive indices of layers by the Brewster angle 
method. In this the Brewster angle for a specific layer 1s ob
tained by comparing the intensities of two reflected beams: one 
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from the uncoated portion of a substrate and the other from the 
coated. The angle of incidence of the l ight beams ire changed 
un t i l the intensi t ies are equal. The available instrument has 
been upgraded by the ins ta l la t ion of an equal intensi ty detector 
system in-house designed and bu i l t to replace the human eye as 
detector. 

Accurate absorption measurements are crucial in many 
t h i n - f i lm optics designs. At present absorption can only be 
evaluated very roughly ( to an accuracy of 1 part in 10"^) by us
ing transmission and reflectance measurements at the half-wave 
points. An apparatus, operating on the pr inc ip le of photoacous-
t i c calorimetry and which is popularly called 'an alphaphone as
sembly', is currently being bu i l t up to measure the ext inct ion 
coeff ic ient of th in fi lms at 10,6 ym to an accuracy of better 
than 1 part in 10 _ l * . An advantage of th is method is that absorp
t ion losses can be measured independently of other losses such 
as scatter ing. 

( i v ) Intermediate refract ive indices 

Many design methods result in layers with refract ive i n 
dices that do not exist in practice in normal single materials. 
Modern computer synthesis programs have emphasized the need for 
experimentally producing layers with pre-detenmned intermediate 
refract ive indices. 

Co-evaporation offers one way of real iz ing control led i n 
termediate refract ive indices by evaporating two compatible ma
te r ia ls simultaneously from two d i f ferent sources to obtain a 
mixture of these two materials, resul t ing in a mixture with a 
refract ive index intermediate to those of the two materials and 
depending on the re la t ive ra t io of the materials. 

Co-evaporation is thus being studied as a long-term pro
ject in the Thin-f i lm 0ptic$ Section. Calibration work has 
started with the co-evaporation of MgF2 and SiO^ to characterize 
the evaporation of these materials in the UHV coating p lant . 
Repeatability of ref ract ive index (measured on the improved 
spectrometer) of 1,450 ± 0,005 has been achieved which is accep
table for practical purposes. Further study is required to exa
mine whether such mixtures obey the Drude or Lorentz-Lorenz law, 
from which refract ive indices of mixtures can be predicted from 
known mixing ra t ios . 

Objective 
To establish and maintain 
expertise in the latest de
velopments in laser techno
logy which have potential 
local application, e.g. op
tically pimped solid state 
lasers and high-power high-
pressure gas lasers. 

Lasers 

(a) Optically punped lasers 

The developmental work on pulsed Nd:YA6* lasers has been cont in
ued. The f i e l d covered includes design and evaluation of laser 
resonators, investigation of high pressure gas cooling systems, 
laser head technology, and the construction of a laser beam ana
lyser (see (d) Electronics). 

*Nd:YAG: Neodymium-doped yttrium-aluminium-garnet. 
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Summary ( i ) Laser resonator evaluation 

Developmental work on optic
ally pumped lasers (the pul
sed Nd:YAG* system) was con
tinued. The following as
pects received attention: 
design and evaluation of 
laser resonators, investiga
tion of high pressure gas 
cooling systems and laser 
head technology. 

Work continued on pulsed gas 
laser systems. These include 
a sealed-off C02 laser, and 
noble-gas laser systems such 
as: He-H, Ar-H and Ne. 

It» application of confocal 
unstable resonators to mini
ature atmospheric pressure 
nitrogen lasers was stu
died. Sub-nanosecond laser 
pulses with diffraction-
limited beam divergence were 
obtained. 

Hollow cathode lasers were 
investigated. Various de
signs of Qi hollow cathodes 
were tested and weak laser 
action of atomic nitrogen in 
the IR region was obtained. 

The Electronics support 
group within the Section de
veloped and built a laser 
beam analyser. 

The previously constructed fast pulsing Nd:YAG laser sys
tem using a so-called "crossed Porro prism resonator" was tes t 
ed' 1. Additional experiments have been undertaken with a laser 
using a corner cub*: as end ref lector of the resonator 3 . 

( i i ) Cooling system (with high pressure gas) 

The work involved the design, construction and evaluation 
of a gas-to-air heat exchanger and gas c i rcu lat ing pump. 

( i i i ) Laser head technology 

Development of a high pressure gas-cooled Nd:YA6 laser 
head is in progress. 

(b) Pulsed gas lasers 

( i ) Miniature nitrogen lasers 

During the past several years the Laser Section has i n 
vestigated extensively the miniaturization of transversely ex
cited atmospheric pressure nitrogen lasers emitting at 337 nm. 
Lasers with overall dimensions down to a few mil l imetres emit
t ing subnanosecond output pulses with peak powors of several 
hundred kilowatts at high repeti t ion rates have been produced. 
A major drawback, however, has been their re la t i ve ly poor beam 
qual i ty . Due to the high gain and nanosecond inversion times at 
atmospheric pressure, the laser pulsts evolve in only a few 
cavity round t r i ps . The number of rour d t r ips is too small to 
establish conventional stable resonator modes and the beam qua
l i t y is therefore determined by the properties of the super-
fluorescent emission, lacking d i rec t iona l i ty and spatial co
herence. 

By using a confocal unstable resonator configuration i t 
has now been possible to obtain high qual i ty output beams of low 
divergence from such miniature nitrogen lasers'*. 

( i i ) Sealed-off C0,? laser 

Work aimed at converting a high-pressure C02 laser into a 
sealed-off ruggedized device, has been continued. Apart from 
the previous Blumlein pulser, a new pulser using discrete high 
voltage capacitors has been developed. Although this system is 
slower, causing a drop of approximately 20% in output power, i t 
is expected that the l i f e time of the system can be extended by 
using this pulser''. 

( i i i ) Noble-gas lasers 

Using a fast Blumlein pulser and ceramic and metal elec
trodes, v is ib le laser action was achieved at re la t i ve ly high 
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pressures (~100 mbar), in pure Ne (X = 614,3 nm), in a He-H mix
ture (). = 706,5 nm) and in an Ar-H mixture (X = 750,3 nm). The 
excitation mechanism of these lasers is being investigated and a 
more reliable system is at present being developed. 

(c) Hollow cathode lasers 

Hollow cathode lasers, especially those utilizing metal vapours, 
represent an important class of lasers emitting at discrete 
wavelengths in the 220 - 2 000 nm spectral region. In the UV* 
region (x < 320 nm) they can provide hundreds of milliwatt of 
continuous radiation at one-twentieth the discharge current re
quired for rare gas ion lasers. These lasers also require a 
fairly low operating voltage (< 500 V) and exhibit low discharge 
noise. 

The objectives of the present investigation is to study differ
ent novel hollow cathode configurations. Three alternative Cu 
hollow cathode constructions were tested and weak laser action 
of atomic nitrogen in the lri region was obtained. At the moment 
an effort is being made to construct stable, reliable hollow 
cathode configurations which can be used to obtain infrared and 
ultraviolet laser action on Cull transitions. 

(d) Electronics 

Laser beam analyser 

Once the output power of a laser beam has been established, it 
is important to determine the intensity distribution over a 
cross section of the beam. An X-Y analyser using photodiode ar
rays has been designed and built. An X-Y section of the beam 
profile, centred arbitrarily, can be displayed within 8 ms on an 
oscilloscope screen and within 10 s on an X-Y recorder. 

Photo-effects 

Obiect ive 

To establish and maintain 
expertise in photo-effects 
and associated aspects that 
are relevant to light detec
tors. 

Summary 

Work continued on the de
velopment of technologies 
relevant to second genera • 
tion image intensifiers. 
Research was initiated on 
developing a dedicated mi
crocomputer multiprocessor 
system for the interactive 
desiqn of electron optical 
systems. 

Photoelectronic image tube technology 

Work continued on the development of technologies relevant to 
second generation image intensifiers. The new photocathode 
transfer technique, which uses an indium-bismuth solderseal, was 
refined and applied to the development of second generation 
image intensifier tubes. A simpler, but more efficient system 
is being designed at present. Other techniques that were devel
oped and applied to this project are phosphor screens for high 
field strength, ceramic-to-metal sealing, microchannel electron 
multiplier techniques, etc. 

An adjustable light source for the evaluation of image intensi
fier tubes were also designed, built and calibrated. It covers 
light levels from 100 to 10~ 7 lux. The use of closed circuit 
television for the objective evaluation of the imaging quality 
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of tubes was investigated to enable the assessment of demount
able experimental tubes on the electron optics bench 

Research was started on the development of a dedicated microcom
puter multiprocessor system for the interactive design of elec
tron optical systems. Specifications of various high level pro
gramming languages, microcomputer operating systems and micro
computers have been obtained for eventual selection of the most 
appropriate system. 

Optical Reaote Sensinq 

This research field involves the science of remote sensing, 
sensors and sensor systems for "emote sensing programs and the 
science of image processing and information extraction. 

Obiective 

To establish and maintain 
the background knowledqe ne
cessary for local implemen
tation of remote sensing 
from satellite and aircraft 
since these methods are 
playing an increasing role 
in the evaluation of natural 
resources. 

(a) Image processing 

Programs 
• to facilitate geometric correction and mosaicking of di

gital images, 
• to perform forward and reverse transformations for regis

tering maps on satellite images, and 
• to transform digitized vector maps into rasters, 

have been implemented and added to the VICAR library. 

Summary 

Various programs were imple
mented and added to the 
VICAR-image processing li
brary. 

Good progress was made with 
the processing of the 
Nimbus-7 satellite data, as 
well as with applications of 
Landsat data in the fields 
of agriculture and carto
graphy. 

Methods for setting up Vicar tasks making use of IBM Command 
Procedure Language have been developed , as well as a new menu-
type system, makinq use of the IBM time-sharing terminal systems 
"Dialog Management Services". Programs have also been improved 
to facilitate more efficient image processing on the Ramtek 
Quick look System7. 

(b) Satellite applications 

(i) Preparation of a digital colour mosaic from four Landsat 
images covering Lesotho has been further investigated and "un
corrected" data compared with "systematically corrected" data 
using cross-correlation functions followed by two-dimensional 
polynomial fits. On the basis of these fits the four Landsat 
images will be merged to form a false colour map. 

(ii) Integration of a gravity map in the northern Cape with 
Tiros images has been completed. The gravity was represented as 
topography and could be viewed stereoscopically. 

(iii) The results of the 1979-80 season Crop Identification 
Project have been quantified8 and a report on this phase is in 
preparation. Analysis of the 1980-81 season data is in pro
gress. 
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(iv) A final algorithm to determine pigment (chlorophyll) 
concentrations along the South African coastal regions from 



Nimbus-7 satellite data has been developed. This algorithm in

cludes time corrections due to the continuous loss of sensor 

sensitivity. Results indicate that chlorophyll can be determin

ed with an accuracy of within a factor 2 9 1 0 . A comparison be

tween measured chlorophyll at sea and satellite derived chloro

phyll is shown in Fig. 3. 

Figure 3 

The correlation between 
measured and calculated 
chlorophyll. 
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Thirty images alonq the Cape West Coast have been analysed11 to 

study the chlorophyll distributions over a period of one year. 

These results are being analysed by the Sea Fisheries Institute. 

Cross-sections of the Agulhas current were made to correlate the 

temperature with colour fronts. Preliminary results indicated 

that a distinct colour front appears near sharp temperature 

changes. It is hoped that this type of information could be 

useful in the study of ocean dynamics. 

(v) A feasibility study on the possibility of mapping the 

water weed salvinia in Lake Liambezi, Eastern Caprivi, by means 

of digital Landsat data has reached an advanced stage. Promis

ing results as well as retrospective mapping to 1972 have been 

obtained. 

(vi) The previously generated digital mosaics of Antarctic 

Landsat images 1 2 have been used as base map for a set of geolo
gical maps 13 Work on the extension of these mosaics towards 
the east is continuing. 
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2.1 .3 PHYSICAL ACOUSTICS 

OGNIBIIS 

Propagation, Reflection and 
Absorption of Sound 

Speech and Rearing 

Diverse Projects in Physical 
Acoustics 

Electrical Shark Barrier 

In this Division research is done on the propagation, reflection 
and absorption of sound; on speech and hearing; on diverse 
projects in physical acoustics; and on an electrical shark bar
rier. 

Ad hoc projects, connected in some way with acoustics, are un
dertaken when the Division is called upon to do so. 

The Central Acoustics Facility forms part of the Division and is 
also available to approved CSIR and other users such as univer
sities and the acoustics industry. 

Propagation, Reflection and Absorption of Sound 

Objectives 

To investigate application 
of the sound intensity 
method to the assessment of 
diffusion in a reverberation 
chamber, 

to establish new norms by 
which conformity of such a 
chamber to international 
specifications may be test
ed, 

to proceed with the develop
ment of the automatic acous
tic measuring frame and its 
computerized control and 
data processing system and 

to investigate the use of 
the sound intensity meter 
for the solution of diverse 
noise problems. 

Summary 

A new method for assessing 
diffusion of sound, based on 
sound intensity measurement, 
has been evolved. 

The first phase in the de
velopment of an acoustic 
measuring frame, which will 
allow the automatic control 
of the positioning of a 
microphone in a sound field, 
has been completed. 

Several noise problems were 
investigated in which the 
unique possibilities of the 
sound intensity meter were 
exploited. 

Work is proceeding on the investigation of the properties of re
verberant sound fields by means of the method of sound intensity 
measurement. The aim is to find new methods of testing a rever
beration chamber for conformity with the model of the so-called 
Classical Reverberation Chamber which is accepted in internatio
nal measuring standards and used when determining the acoustical 
properties of materials. The Classical Reverberation Chamber is 
defined as one in which there is perfect diffusion of sound in 
all directions. 

A new finding which has been made is that in the proximity of a 
sound source the total intensity field is the same irrespective 
of whether the enclosinq chamber is completely anechoic or com
pletely reverberant, on condition that the reverberation chamber 
possesses complete directional diffusion. It would appear, 
therefore, that intensity measurements may be used as a very 
powerful practical test of directional diffusion. At present, 
guidelines are being prepared for the quantitative assessment of 
information of this type in relation to the characteristics re
quired of a reverberation chamber. 

The acoustic measuring frame has the appearance of a very large 
X-Y plotter in which not the pen but a measuring microphone may 
be moved in steps to any point in the X-Y plane. Control is ex
ercised by a computer programmed to execute the pattern of move
ments required for the acoustic measurement being performed. 
Th? microphone output at each point is then stored by the com
puter which also performs the required data processing. The 
first application of this system is in the research programme on 
the characteristics of a reverberation chamber, mentioned above. 

Because the sound intensity meter can identify a specific noise 
source in the presence of other, surrounding noise sources, it 
has been successfully used to investigate problems which would 
otherwise have been very difficult to solve. For example, the 
sound transmission loss throuqh a commercial sound-proof door of 
exceptional quality was determined. Because of the excellence 
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of the door it was impossible to determine by means of conven
tional methods what part of the sound was transmitted by the 
door and what by the double brick wall into which the door was 
built. However, by applying sound intensity measurements these 
two sound transmission paths could readily be distinguished from 
each other. 

Speech and Hearing 

Objective 

To consolidate the various 
methods of speaker identifi
cation developed in this la
boratory with those practis
ed abroad for practical ap
plications, to finalize in
strumentation and methods 
for improving poor speech 
recordings and to streamline 
transcription facilities for 
speech recordings, 

to investigate the possibi
lity of using the modulation 
transfer function as a meth
od of determining speech in
telligibility in the general 
class of speech comnunica-
tion systems, 

to develop an instrument for 
the deaf which will combine 
the features of two teaching 
aids developed previously, 
and 

to investigate the effect of 
a poor signal-to-noise ratio 
on the ability of children 
at school to perform audito
ry tasks. 

Summary 

Methods of speaker identi
fication and of improving 
speech recordings for trans
cription purposes have been 
exhaustively investigated. 
The project had, by the end 
of 1981, been concluded and 
the results and findings 
were then handed over to the 
sponsor for future use. 

The principle of the modula
tion transfer function is 
beinq investigated to enable 
an objective assessment to 
be made of most types of 
distortion which are encoun
tered in speech communica
tion systems. 

The identification of a speaker by the invariant parameters of 
his voice has been investigated and new methods have been de
veloped and used in conjunction with time-honoured methods used 
overseas. For the present, the techniques which have been mas
tered appear, in most cases, to serve the purpose of identifying 
a speaker and the system may now be put to practical use. Fur
thermore, the development of equipment and methods to improve 
poor speech recordings seems to have reached saturation point 
for the present. Consequently, at the request of the sponsor, 
this project has now been terminated and the results and special 
equipment have been made available to the sponsor. The member 
of staff who was responsible for this project is now employed by 
the sponsor for whom he is rendering services by putting the re
sults of his research to practical use. 

Recent developments abroad have shown that the influence of a 
transmission medium on speech may be expressed as a single index 
which has been named STI (Speech Transmission Index). This can 
be directly related tc the transmission quality and hence to the 
intelligibility of the reproduced speech. In this system a 
ranqe of carrier frequencies, modulated by a range of other fre
quencies, is passed through the transmission medium. The trans
fer function for such a signal is then determined and the STI 
may be calculated from this (usually by automatic means) by ap
plying suitable weighting factors. The method is useful for al
most any transmission medium from a lecture hall to a short wave 
radio communication system. 

This Division is at present building up background skills and 
also constructing provisional equipment for applying this new 
principle with the immediate goal of determining the quality of 
speech transmission in halls. 

In the past, two instruments were developed to serve as teaching 
aids for the deaf. In the first, the instantaneous pitch of the 
voice was made to control the progress of a ball of light across 
a TV screen. By this means a deaf child could learn to control 
the pitch and duration of his utterances. In the second instru
ment the course followed by the voice pitch during the produc
tion of a word or a short sentence left a trace on the screen 
and thus provided visual feedback to the child of his intonation 
patterns. The purpose of the present work is to combine these 
two systems into a more versatile single instrument which will 
incorporate the best features of both the previous devices. It 
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The teaching aid for the 
deaf being developed is 
planned to assume the form 
of a "television game" with 
which excercises in intona
tion, accent and rhythm may 
be performed by the deaf 
child himself, even at home. 

Primary school children with 
normal hearing were found to 
be able to follow the 
teacher's voice better in a 
classroom with an acoustic
ally absorbent ceiling than 
in a normal classroom. 

is hoped that by the use of modern technology and voice analys
ing systems, the device can be made for a reasonable price so 
that it can even be used in the homes of deaf children with a 
standard domestic TV set as the display system. 

An investigation was undertaken in collaboration with the NBRI 
and the Human Sciences Research Council on the ability of a pri
mary school child to function adequately when given an auditory 
task against a background of noise. The test was done in two 
classrooms, identical in all respects except that in the one an 
acoustically absorbent ceilinq had been installed whilst the 
other had a standard ceiling. 

The results showed that all children performed better in the 
room with the absorbent ceiling and that certain children, even 
though their hearinq acuity was normal, had more difficulty than 
others in understanding speech in an acoustically inadequate 
room. The study also showed that even a modest acoustic treat
ment, such as the mere addition of an acoustically absorbent 
ceiling, improved conditions inside the room to near optimum. 

Diverse Projects in Physical Acoustics 

Orient ive 

To provide standards of 
sound pressure and vibration 
and to be able to calibrate 
pressure and vibration 
transducers, 

to extract energy from ocean 
waves, 

to conduct diverse electro-
acoustic investigations as 
the need arises, and 

to maintain and use the Cen
tral Acoustics Facility 
which forms part of the 
Division. 

Summary 

Microphone intercomparisons 
are carried out within the 
limitations posed by the 
Division's dated equipment. 

Legislation on noise pollu
tion makes accurate noise 
measurement essential. Ac
quisition of the required 
modern equipment must re
ceive serious consideration. 

A national vibration stan
dard may be calibrated in 
the same way by adding some 

The NPRL is the legal custodian of all South African standards. 
At present the national standard of sound pressure comprises 
four stable laboratory-type condenser microphones, calibrated by 
the manufacturer. In order to fulfil its legal obligations the 
Division has exploited the reciprocity calibration equipment at 
its disposal to its limits and has found that microphone inter
comparisons can be carried out with a tolerance of 0,2 dB and 
250 Hz. The best equipment of this type provides intercom
parisons to within a claimed 0,05 dB. Consideration is being 
given to the replacement of the existinq reciprocity calibration 
equipment which dates back about 20 years. 

In view of the Environment Conservation Act No 100 which was 
passed by Parliament in June 1982 and which includes a section 
on noise pollution, it has become essential to be able to mea
sure noise accurately and therefore the traceable calibration of 
microphones now becomes an important task. 

Much of the equipment required for the reciprocity calibration 
of microphones can also be used for calibrating accelerometers. 
A modest investment in some additional equipment will enable the 
Division also to calibrate accelerometers at a single frequency 
with a tolerance of ± 1*. 

The extraction of energy from ocean waves has been the subject 
of theoretical and mo:lel studies. The proposed method makes use 
of a Helmholtz resonator which comprises a large volume of air 
in a structure above tho waves, a thin neck passing through the 
waves and an opening below the surface. Energy is extracted from 
a large volume of th* or.»an surrounding the neck as a result of 
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equipment to existing faci
lities. 

Thu possibility of extract
ing energy from ocean waves 
by using the principle of 
resonance is being investi
gated. 

Diverse electro-acoustic in
vestigations include the 
exploitation of frequency 
shift in a speech reinforce
ment system and research in
to the build-up of a large 
amplitude, very low frequen
cy air oscillation in a mine 
shaft. 

resonance. At the same time the thin neck will ensure that the 
device will be able to cope with storms at sea. Failure in the 
latter respect has been a problem with all previously proposed 
systems for extracting energy from the ocean. 

A project with the title "Diverse electro-acoustic investiga
tions" has received official recognition since past experience 
has shown that each year the Division is called upon to perform 
a number of smaller tasks which were not necessarily foreseen, 
but which may truly be classified as research - usually of an 
applied nature. 

During the past year a system of speech reinforcement was inves
tigated in which the frequency spectrum of the sound produced by 
the loudspeakers differs from that which originally fell on the 
microphones by approximately 5 Hz. This frequency difference is 
so small that it has no noticeable effect on the subjective qua
lity of the reproduced speech but it enables more sound amplifi
cation to be provided before the limit of the system stability 
is approached. It was found that the system gain could safely 
be increased by 5 dB over a normal amplifier system without in
cipient howl. Such a system was added to the sound reinforce
ment equipment in the Houses of Parliament, Cape Town and has 
proved most successful. 

An investigation previously started in a gold mine on the reef 
was completed and the cause of an extremely large amplitude air 
oscillation in the mine shaft at about 21 Hz was explained. This 
oscillation had a level of over 140 dB and caused concern not 
only about the discomfort to the hearing of personnel using the 
shaft for vertical transport to their work but also about the 
real danger of metal fatigue due to the vibrations set up in the 
shaft and in the conveyances used. The research conducted show
ed that a transverse resonance occurred in the mine shaft at the 
vortex shedding frequency of the ventilating air passing over 
the covered* horizontal beams in the shaft. Coincidence of 
these two frequencies caused the severe build-up of amplitude. 
It was possible to show that there will be certain combinations 
of ventilating air speed and shaft diameter which will lead to 
such oscillations and that these combinations are to be avoided 
in future shafts. To eliminate the existing problem it was sug
gested that flaps should be attached to the trailing edges of 
the buntons since these would prevent the formation of vortexes. 

The Central Acoustics Facility is being kept in good running or
der and is being used by the Division itself as well as by other 
Institutes of the CSIR and outside users. Recently a serious 
sound leak was detected between two rooms used for sound trans
mission measurements and forming part of the CAF. This leak was 
satisfactorily reduced by relatively minor modifications to the 
structure of the building. 
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Electrical Shark Barrier 

Object iws 

To investigate the practical 
problems of a full-scale 
anti-shark installation at a 
typical Natal seaside re
sort, 

to implement such an instal
lation, and 

to determine its effective
ness and reliability. 

Summary 

After the cable was damaged 
during installation at the 
Margate north beach in June 
1961, a new cable was de
signed. A sample of the 
proposed cable was manufac
tured locally and ^objected 
to functional tests. A me
thod of manufacturing earth 
electrodes has been perfect
ed. 

The.first Margate cable failed when the insulating cover over 
the armouring was pierced in many places thus allowing contact 
between sea water and the armouring. The second cable was manu
factured without any protective armouring over most of its 
length to circumvent the problem of the first, cable but suffered 
damage during the laying operation due to abrasion over an un
charted rock. The third cable was designed to provide armouring 
but to use a configuration which would not cause a serious de
crease in the external electric field should the water come into 
contact with the armouring. 

This was achieved by providing lead bands kept in place by cir
cumferential stainless steel hoops. These then form, in effect, 
an articulated armour somewhat resembling a worm from the group 
Articulata. The body of this worm is protected by a series of 
hard rings interconnected by flexible joints. In the case of 
the cable the stainless steel provides the strength whilst the 
lead provides the weight to keep the cable in position on the 
sandy bottom of the sea. The lead bands are separated by a fil
ling of wax to prevent longitudinal conduction and a polyethy
lene sheath over the hoops provide further strength as well as a 
smooth outside to the complete coble which should slide into 
position with the minimum friction during installation. 

Pigure 4 

Specially designed cable 
with the outer polyethylene 
sheath partially removed to 
reveal the segmented band-
armour. 

The small trial section of cable shown in Fig. 4 was constructed 
locally and the results of electrical tests in a tank filled 
with salt water, proved entirely satisfactory. Since the func
tional aspects of the new cable also appear to be satisfactory, 
the manufacture of the full length will next be attended to. 



Further work was done on the manufacture of special plastic-
graphite electrodes for use on the earthing system of this 
cable. Initial problems have been eliminated and good quality 
electrodes of 100 mm diameter are now being produced at very low 
cost. 



OQHIBRS 2.2 EARTH MID ATMOSPHERIC SCIENCES 
Monitoring of Substan-
ces in the 

Micro- and 
rological Studies 

Theoretical Boundary 
Layer Studies 

Cloud Physics and Rail 

Instrunental Tech
niques 

2.2.1 ATMOSPHERIC SCIENCES 

The main lines of research of the Atmospheric Sciences Division 
are air pollution, effects of weather on the performance of 
cooling towers and studies of hailstorms. This research covers 
processes in the atmosphere that range from the micro- to the 
synoptic scale. The work is ca-ried out by chemists, physi
cists, meteorologists and mathematicians. 

Monitoring of Substances in the Ateosphere 

Objective 

To maintain and co-ordinate 
the national monitoring net
work for smoke and 90^ to 
establish long-term trends 
so that effectiveness of 
control measures can be 
evaluated. 

Summary 

The national survey has been 
continued and the latest re
sults have been published. 
Additional smoke measure
ments have been started in 
Soweto. 

(a) The national survey of smoke and sulphur dioxide. 

The national survey of smoke and S0 2 is being continued in col
laboration with local authorities; smoke is currently monitored 
in 32 cities and towns at 135 sites and S0 2 in 21 cities and 
towns at 92 sites. The latest measurement results were recently 
published1. Long-term trends indicate that concentrations of 
smoke and SO2 have decreased in most of the central and indus
trial areas. The improvement in air quality due to decreasing 
smoke levels is shown by horizontal visibility observations car
ried out in the centre of Pretoria by the South African Weather 
Bureau. The distances at which dark objects become visible and 
identifiable have increased considerably since 1966, as is shown 
in Fig. 5. This has proved the effectiveness of smoke control 
measures which were introduced in accordance with the Atmos
pheric Pollution Prevention Act of 1965. 

Concentrations of SO^ at all South African measuring sites are 
lower than the limits recommended by the World Health Organiza
tion 2 and smoke concentrations have not reached the recommended 
levels even in cities and towns where the ventilation potential 
is poor. A comparison of the smoke levels obtained in central 
areas of S A cities and towns with the exposure limits recom
mended by the WHO is presented in Fig. 6. 

During the past year the Atmospheric Sciences Division introduc
ed a new smoke survey in Soweto to establish whether the present 
electrification programme has an effect upon the air quality or 
not. Two automatic smoke samplers have been installed at two 
clinics in Soweto and the Johannesburg Municipality joined in 
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Figure 5 

Visibility 
centre of 
June. 

conditions in 
Pretoria during 

the extended survey by setting up three new stations in addition 

to its permanent monitoring site. Results are being analysed. 
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Objective (b) Background monitoring at Cape Point 

To monitor the concentra
tions in the atmosphere of 
various gases that might be 
causing climatic changes 
and/or which play an iiqport-
ant role in atmospheric 
chemical processes. 

Summary 

The concentrations of Freon 
and CCli, have both continued 
to increase. Six gases are 
now being monitored, 00^ and 
CH, having been added to the 
list. 

The upward trends in the concentrations of CFCh (Freon or F-ll) 
and CC1,, have continued. Three years of results have shown that 
in maritime air at Cape Point, Freon is increasing at the rate 
of 10 pptV* p.a. (about 6 per cent of the present concentration 
p.a.) and CCli, at 6 pptV p.a. (about 4 per cent p.a.). The use 
of a condensation nucleus counter to discriminate tetween 3ir of 
maritime and continental origin has been discontinued. This is 
because fluctuations of CO are equally effective for this 
purpose. 

A staff member was invited to visit the Max Planck Institute 
(MPI) in Mainz to familiarize himself with additional equipment 
provided by MPI for Cape Point. Improved Oj apparatus is now in 
operation at Cape Point and the measurement of CH,, has been 
commenced. 

CK, is considered to be the starting point for a chain of 
reactions which lead to CO. A C0 2 analyser was purchased with 
funds provided by CSP and the gas chromatograph which measures 
Freon was equipped with an automatic calibrating device. 

Objective 
To study trends in the 
concentrations of emissions 
from motor vehicles so that 
the need for introducing 
control measures may be 
assessed. 

Summary 

The latest results have 
confirmed that 00 and total 
hydrocarbons have mostly 
decreased in the major 
cities while NO x and 0 3 

have shown increasing 
trends. The potential for 
the formation of 
photochemical smog can be 
expected to increase. 

(c) Emissions from motor vehicles 

Surveys have been made in city centres of the concentrations of 
HC, CO, N0 X, O3, Pb and Br. A report on results covering the 
winter of 1980 was completed and submitted in September 1981 to 
the Department of Health 3. Surveys have been carried out during 
the winters of 1981 and 1982. In 1981 aldehyde concentrations 
were determined for the first time in Pretoria. Background 
values of formaldehyde are commonly quoted as 0, 1 to 2 ppb 
while a daily mean value for total aldehydes in Pretoria was 3 
ppb. Formaldehyde concentrations in Los Angeles were between 5 
and 115 ppb in 1963. Measurements in Pretoria will extend over 
a five-week period durinq June and July this winter. The mobile 
laboratory will then be moved to Johannesburg. New equipment 
now enables both NO and N0 X to be determined. This work 
started in 1968 and marked trends in concentrations have been 
made apparent since then. These are shown in Fig. 7. 

The downward trends of CO and HC's and the increase of N0 X are 
attributed to the introduction of more fuel-efficient engines. 
0 3 is a secondary pollutant and is formed by photochemical 
reactions of N0 X, HC and air. Increases in N0 X have mostly 
led to increases in O3 concentration. Lead has remained more or 
less constant. 

* pptV: Parts per trillion by volume. 
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Trends in concentrations of 
motor vehicle «Missions. 
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N0 X and 0 3 values are the cause of some concern. 0 3 values 
can be expected to increase still more when petrol/alcohol fuels 
are more widely used since these will increase the emission of 
aldehydes which are another precursor of photochemically produc
ed Oj. Further monitoring on a continuous basis is called for. 
The control of emissions would be costly and should not be 
undertaken until additional information has been gathered. 
Costs for a large extension of the programme were estimated at 
the request of the Department of Health. 

Objective 

To determine the occurrence 
of trace elements in the at
mosphere at various sites in 
South Africa. 

Summary 
Measurements were continued 
at 22 urban and rural sites. 

(d) Trace elements 

This project is carried out jointly with the Atomic Energy Board 
(AEB). Sampling was continued at 22 urban and rural sites 
throughout the country. Results are given in the AEB report1* 
where they are discussed in terms of general patterns in trace 
element concentrations and enrichments, the general pattern in 
population centres, the variability of monthly concentrations 
and in terms of long-term trends. The results were made 
available to the sponsoring bodies and the municipal air 
pollution control officials whose co-operation help to make the 
work possible. 

As always, pollution by lead from vehicle exhausts attracted the 
greatest public interest with many enquiries from newspaper re
porters and others. The SABS standard (229/72) is 0,836 g of 
lead per litre of petrol, but the actual concentrations used 
vary between 0,25 and 0,6 g/n which compares well with the 0,4 
g/i allowed in the United Kingdom. Lead additions are lowest in 
the high areas where low octane petrol is used and in those 
areas where alcohol is now added to petrol. Correspondingly, 
the lead content used at sea level is higher .and this tends to 
be reflected in higher concentrations of airborne lead at the 
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Figure 8 

Lead and manganese concen
trations in ft»:t Elizabeth. 

coastal cities where high octane petrol is used. Figjie 8 shows 
qradually increasing lead concentrations and falling manganese 
concentrations in central Port Elizabeth. This may reflect 
changinq traffic patterns and a reduction in emissions from the 
manganese ore loading facility in the harbour. It should be no
ted that the fire which destroyed the City Hall necessitated a 
small change in the location of the samplinq site during the 
time shown. 

Pb 

Objectives 

TO establish the extent to 
which pesticides are to be 
found in rural and urban 
air. 

Summary 

Measurements have been ma-ie 
of some selected pesti
cides. Relatively low valu
es have been found even im
mediately after aerial crop 
spraying. Detectable 
amounts of Endosulfane were 
found in the atmosphere a 
week after spraying of 
cotton had ended. 

(e) Pesticides 

Methods developed earlier have been applied this year to pesti
cide measurements in a number of agricultural reqions. Measure
ments were made of CHI's (Chlorinated hydrocarbon insecticides); 
Y-BHC, p,p'-DDT, p.p'-DDE, Dieldrin, a- and B-Endosulfane; 
OPI's (Organophosphate insecticides); Cidial, Demethon-S-
-Methyl, Dimethoate, Malathion, Parathion (& Paraoxon),Phorate 
and Triazophos. 

Sumplinq was done at Nelspruit (CSFRI, Crocodile Valley Estates 
and town centre), Tzaneen (Letaba Estates and town centre) and 
Delmas (town centre). None of the listed pesticides was 
detected in any of the samples except in the one taken at CSFRI 
in Nelspruit. This contained 76 nq m~3 of Parathion and 18 
nq m"3 of Cidial. Limits of detection for CHI's and OPI's 
were 3 nq m" 3 and 15 nq m - 3 , respectively. 

Threshold limit values (time weighted averaqes, TLV-TWA) sugges
ted by the American Conference of Governmental Industrial Hyqie-
nists are all well above the measured values or detectable lim
its. 

The concentration of Endosulfane in the atmosphere above a cot
ton field near Groblersdal was determined at various intervals 
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Figure 9 
Groblersdal: 
cotton. 

Endosulfane on 

after aerial spraying. Results displayed in Fig. 9 indicate 
that a detectable amount was found even after almost one week. 

50 100 
HOURS AFTER AERIAL SPRAYING 

150 

Values of between 20 and 30 ng m"3 were found in the nearest 
residential area at Groblersdal (15 km away) and at Marble Hall 
125 to 280 hours after application. It seems that after general 
spraying of Endosulfane in this region concentrations of 20 to 
30 ng m" 3 are typical. 

Micro- and Nesoweteorologlcal Studies 

Objective 
To determine the air pollu
tion potential and disper
sion climatology of an im
portant agricultural ar.1 in
dustrial region to provide 
recommendations for optimal 
improvement» 

(a) The SE Transvaal Highveld 

This study was continued with increasing Input from ESCOM. In 
particular, ESCOM has made an Instrumented aircraft available 
for air pollution research and S0 2 concentrations are measured 
at nine ground stations. The three-year contract with the Phys
ical Planning Branch, Office of the Prime Minister has been re
newed for another year. 

During this year, four more reports on the project were writ
ten 5,6,7,8 which dealt with wind and temperature 
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Sunmary 

Extensive measurements of 
wind and temperature fields 
and of S 0 2 and particulates 
were continued. A series of 
reports covering these a s 
pects was completed. 

fields, SO2 concentrations, various other chemical measurements 
and results of numerical modellinq. Specific recommendations 
with respect to the location and aesiqn of power stations were 
made. The recommendations covered siting of service community 
settlements, areas for major source development, stack heights, 
control of low-level sources, and the necessity for further 
studies. 

Some noteworthy points are: 

- New balloon systems were purchased which enabled wind and 
temperature profiles to be obtained with relative ease and 
rapidity. Data reduction can now be done in the field. 

- The ESCOM aircraft was extensively used for determining tem
perature fields and observing plume behaviour. It was par
ticularly useful for providinq information on elevated inver
sions. 

- Accurate and rapid measurements of both cations and anions 
(especially sulphates and nitrates) could be made when a 
liquid chromatoqraph was supplied on loan. Our own instru
ment has since been purchased. 

- Relatively good agreement was found between numerical models 
(Valley and others) and observed pollution patterns. 

- Periods of high and low pollution are beinq investigated in 
relation to mesoscale synoptic processes. 

While much has been achieved, a great deal remains to be done. 
The nature of the particulate haze in the study area and the ex
tent to which it is to be attributed to industrial activities 
need t> be determined. Other unknowns are conversion rates of 
SO2 a.id NO2 to sulphates and nitrates and deposition rates of 
acids in the region. 

Objective 

To provide planners with ad
vice regarding air pollution 
aspects for regions where 
industrial development is 
expected. 
Summary 

Five contract reports were 
submitted on investigations 
at four sites and surveys 
were commenced at two sites. 

(b) Growth points 

Recommendations based on limited available meteorological data 
led to a request for surveys to be carried out during both win
ter and summer at a site in the Cape Province. Five anemometers 
were installed there durinq June 1982 and aeroloqical soundinqs 
were commenced usinq balloon-borne instrumentation. One 
anemometer was erected on another site. Reports on three other 
investigations were w r i t t e n 9 , 1 0 ' 1 1 ' 1 2 . 

Object ive 

To determine the effects of 
the atmospheric environment 
on the perfc-mance of 
dry cooling towers so that 
their design can be 
optimized. 

c) Performance of cooling towers 

Research on the interaction between the atmospheric environment 
and dry-coolinq systems is beinq financed by the Water Research 
Commission and carried out jointly with ESCOM. The intention is 
to utilize more dry cooling for power stations on the Highveld 
to conserve water. Much of the effort so far has been on 
instrumentation but the measurement proqr,immp is now well under 
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Summary 

Three-dimensional winds 
being measured at Grootvlei 
Power Station around a 
dry-cooling tower. Surface 
winds and temperatures are 
being monitored continuously 
at three sites in Ellisras. 

way. One of the only two dry-coolinq towers in South Africa, at 
Grootvlei Power Station, has been extensively instrumented to 
measure atmospheric temperature and wind. 

Commissioning of the ESCOM instrumentation is expected late in 
1982. The CSIR instrumentation has been operating since 
November 1981 and will be modified to improve data late in 
1982. The complete experiment is expected to be operating by 
the beginning of 1983. 

Ellisras is the site of a future power station, Matimba, using 
forced draught dry cooling. Three field stations have been 
installed there, measurinq surface winds and temperatures at 1,2 
and 9 m heights. One anemometer has been in operation for more 
than a year. The wind rose derived from this indicates that the 
anti-prevailing winds are significantly stronger than those 
shown by existing wind data from the closest station at 
Marnitz. This is of importance, especially for forced draught 
cooling. 

Objective 

To determine windfields and 
to monitor dust in the 
vicinity of mine dumps that 
are being reprocessed to 
establish whether or not 
these operations create a 
dust problem. 

Summary 

Surface winds are being 
measured continuously at 
nine stations in the Crown 
Nines area. 

(d) Dust monitorinq in Johannesburg 

Results are now being obtained from nine anemometers that have 
been installed in the Crown Mines area. Preliminary analyses 
have shown how the surface windfield is influenced by the pre
sence of nearby mine dumps. Dust measurements are being carried 
out by the University of the Witwatersrand Nuclear Physics Re
search Unit. A qreat deal of data has been collected and awaits 
analysis. A limited amount of PIXE* and gravimetric analysis 
has been done. Detailed studies will be confined mainly to 
periods when dust is a problem. 

Objective 

To develop methods of fore
casting windfields that de
velop over complex topogra
phy as a result of cooling 
of the earth, for the pur
pose of predicting prllutant 
trajectories. 

Summary 

Work on the two-dimensional 
model was extended. 

Theoretical Boundary Layer Studies 

(a) Windfield model 

The three-dimensional model has proved to be highly complex. It 
was therefore decided that a better understanding of the physi
cal processes Involved was needed and could be qained by usinq 
physically meaninqful temperature profiles instead of numerical 
methods In the two-dimensional model. This model was also ex
tended to include cases of differential temperatures. 

PIXE : Proton-Induced X-ray emission. 
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Objective (b) Plume rise and dispersion 

To study plume rise and dis
persion models in order to 
be able to apply these to 
air pollution problems. 

Summary 

A study was made of the in
fluence of meteorological 
and stack parameters on plu
me rise. 

The effect of meteorological and stack parameters on plume rise 
was investigated. The model studied reflects the experimental 
fact that wind speed is the dominant factor in plume rise. A 
computer program was developed which calculates pollutant con
centrations in the vicinity of a single point source. 

Cloud Physics and Hail 

Objective 

To improve knowledge of hail 
climatology and to quantify 
hai l fal ls . 

Summary 

Additional data were obtain
ed from the network of vol
untary observers. Details 
of hailfalls were yielded by 
three networks of hailpads. 

(a) Surface networks: Hail climatoloqy and haiIfal1 measure
ments. 

During the 1980/81 season the 280C km2 network of voluntary hail 
observers which includes Pretoria and the Witwatersrand experi
enced 72 haildays; on 40 of them hailstones exceeded 1 cm in 
diameter and on two of them 3 cm. "Hen's-egq"-sized hailstones 
fell in Johannesburg on 18 October 1980 and in Johannesburg and 
Pretoria on 4 December 1980. Pretoria had less and lighter hail 
than the Witwatersrand, e.g. maximum frequencies per km2 were 11 
for the Witwatersrand and 7 for Pretoria. 

A third experimental hailpad network was established during the 
past summer, with 20 instruments and covering 75 ha on the CSIR 
campus. It is a network intermediate in size between the other 
two, viz. the Pretoria network of 100 instruments covering 400 
km2 and the mini-network which is one hectare in extent and com
prises 25 hailpads, nine raingauges and four hail cylinders. 
Several hailfalls occurred entirely within the largest network 
during the past summer and they also extended over both the 
other networks. Informative results were obtained with the 
successively smaller networks revealing additional details. The 
results in Fiq. 10 show hai If all energies as ^solved by the 
three networks. 

Other information that was obtained included the areas hit by 
hail, global energies, spatial patterns and areal concentra
tions. These quantitative findings were added to a draft paper 
in which hailstorm characteristics for Canada, Switzerland and 
South Africa are compared. 

In collaboration with an insurance company, two more networks 
are being established. One is to be country-wide and the other 
will be located within an experimental farm so that the rela
tionships between crop hail damage and various haiIfall para
meters can be established. 

I 
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Figure 10 

Hailfall energies resolved 
by three hailpad networks. 

E(JnT2) ram 
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Objective 
TO study radar reflectivity 
structures and airflow pat
terns of thunderstorms to 
gain further understanding 
of the mechanisms that give 
rise to precipitation forma
tion. 

(b) Weather radar studies 

The Mitsubishi radar has been dopplerized, with the active col
laboration of NITR. Figure 11 shows one of the first results of 
a two-dimensional windfield obtained with this radar. Consider
able effort went into the writing of programs for testing and 
processing the Doppler data. Various other programs were also 
completed. A paper has been completed on results obtained by 
computer tracking of storms. This shows a tendency for storms 

Figure 11 

Two-dimensional 
results. 
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Sunmary 

Dopplerization of the 
Mitsubishi radar was 
completed and varions 
computer programs for 
processing the video data 
were written. 

on a particular day to cluster and thus to prolonq their lives. 
Comparisons were made between two storiis that both occurred at 
Jan Smuts Airport, one of which was an exceptionally severe 
hailstorm and the other was a cloudburst with little hail 1 3. 

Objective 

To investigate aspects of 
ice formation in the atmos
phere. 

Summary 

Embryos of hailstones on the 
Highveld were found to dif
fer in certain respects from 
those found elsewhere. Sub
limation rates of pellets of 
dry ice were determined and 
the extent to which they ge
nerated ice particles were 
investigated. 

(c) Microphysics of precipitation 

Many additional hailstone embryos were examined (> 2000) and the 
results suggest that correlation between embryo tyoe and 
hailstone size is by no means straightforward. Rouqh agreement 
with earlier Highveld results was found, namely that qraupel 
embryos are more likely to be found in the larger hailstones. 
This does not agree with results for the Lowveld or for North 
America. The first phase of a collaborative project with Cansas 
International Corporation in Nelspruit was completed. 
Sublimation rates of dry ice pellets were determined and the 
nature and concentration of "whiskers" shed from pellets of dry 
ice were established. Such results provide useful information 
for cloud seeding operations. A publication on this is in 
preparation. Comparisons were drawn between particle 
measurements that were made with 10 and 2D laser probes and 
those made with other sampling techniques. 

Instrumental Techniques 

Objective 

To develop improved instru
mentation for atmospheric 
research. 

Summary 

Twenty three of the new data 
loggers are now operating in 
the field, with winds being 
recorded by orthogonal pro
peller anemometers. Work is 
continuing on the acoustic 
sounders. Additional re
sults for the Doppler radar 
hail sensors were analysed. 

The new data loqqers are now being used in field experiments at 
Ellisras, Grootvlei and Crown Mines. Their main weakness has 
proved to be the tape recorder motors, which are beinq replaced 
by a different type as they fail. Wind and temperature data 
recorded by them are beinq routinely processed. Comparisons 
have been made between the vector mean winds as derived from the 
orthogonal propeller anemometers (which are used in conjunction 
with the loggers) and the results obtained by conventional cup 
and vane anemometers. They have shown that there can be 
siqnificant differences such as depicted in Fiq. 12. A 
publication is in preparation. 

Work is continuing on the acoustic sounders. A high-resolution 
temperature profiler is beinq constructed to enable the 
determination of atmospheric temperatures with high vertical and 
temporal resolution. 

14 The seven Doppler radar hailstone sensors were deployed in the 
field again last summer and were more successful in recordinq 
hallfalls than during the 1980/81 summer. Results for seven 
cases recorded by the Doppler sensors were compared with hailpad 
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Figure 12 

Wind rose of a cip and vane 
anemometer (top) and a pro
peller anemometer (bottom) 
for hourly averages. 
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results. It appears that speeds of individual hailstones (and 
thence inferred sizes) could be determined accurately, but areal 
concentrations were far less accurate because of spurious 
signals created by water on the impactinq surface, especially 
when heavy rain fell. Methods for improving the performance 
have been proposed. 
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2 . 2 . 2 GEOCHRONOLOGY 

South West Africa : 
Sales-type Granites 

the Age of the Ctarlogsende 
Porphyry S HA 

l a 
Granite 

The 
in the Franschhoek Valley, 
South Western Cape Province 

The Division dates minerals and rocks by applying the uranium-
lead (U-Pb) and rubidium-strontium (Rb-Sr) methods to f a c i l i t a t e 
correlat ion and delineation of geological data and provinces. 
Both chemical and physical properties of zircon are observed in 
an attempt to improve our knowledge of radiometric age 
patterns. 

Radiometric age dating is being undertaken in col laborat ion with 
geologists from the Geological Surveys of South Afr ica and South 
West Af r ica. South African un ivers i t ies . International Geodyna-
mics Project as well as geologists from other national and i n 
ternational i n s t i t u t i ons . 

South Nest Africa : Salem-type Granites 

Objective 

Tb i l lus t ra te the contribu
tion of uranium-lead geo-
chronology towards a better 
understanding of the geolog
ical setting and st jctural 
development of the Damara 
Orogenic Belt within the Pan 
African belt system in S W A 
/Namibia. 

Stannary 

The age of the Salem-type 
granites in the central part 
of the Damara Orogenic Belt 
has an important bearing on 
the timing of tectono-meta-
morphic* events. Results of 
Rb-Sr (whole rock) and U-Pb 
(zircon) age measurements on 
a suite of reconnaissance 
samples from various locali
ties within the central Da
mara Belt indicate ages of 
550 m.y. for most samples. 

The late Precambrian to early Palaeozoic Damara Orogenic Belt 
has been the subject of detailed research by several groups dur
inq the International Geodynamics Project1. Reliable age data, 
however, remained of primary importance since the geochronologi
cal history of the belt is still not well understood. Clifford2 

has defined the Damara Episode as a thermal event reflected by 
mineral cooling ages in the qeneral ranqe 440 - 560 m.y. and 
considered orogenic deformation to have taken place durinq this 
period. 

One of the most widespread intrusive rocks of the Damara Belt is 
the so-called Salem granite, a suite of generally coarse-grained 
porphyritic qranitoids** which occur throughout the central and 
north-western part of the orogen, the age of which is of partic
ular importance since it sets a minimum aqe limit to the main 
Damaran lithostratigraphic units - the Nossib and Swakops 
Groups. Smith3 defined the Salem granite as the result of in 
situ magmatic assimilation and granitization of the Khomas 
schist. Amongst a variety of explanations for the production of 
the rocks comprising the Salem granitoid suite, Isotopic data 
now provide new constraints on the derivation of the Salem-type 
granites. 

The body of granite studied in detail, mapped by Smith , occirs 
on the farms Goas 79 and New Schwaben 73 south of Karl bib (Fig, 
13). This granite includes metasediments of the Swakop and Nos
sib Groups as well as stronqly foliated diorite* - thus defining 
a minimum age limit for the Swakop Group and Its early 

*tectono-metamorph i c: 

••porphyritic granitoids: 

•diorfte: 

referring to formation of rock struc
ture during heating of earth's crust, 
granites with constituents of non
uniform size with larger crystals set 
1n finer ground mass, 
a quartz plutonfc rock - essentially 
hornblende, biotite or pyroxene. 
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LT 
deformation. 

Uranium-lead zircon data for four reconnaissance samples of the 
granite on Gcas display considerable discordance - probably on 
account of recent lead loss - but still present an upper 
intercept age of 512 * 40/30 m.y., which must be interpreted as 
a minimum age (Fig. 14). 

Figure 13 

Locality map for samples 
from the Central Damara 
Belt. 

Figure 14 

Discordiagram 
zircon data. 
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Six zircon fractions from two of the Goas samples used for Rb-Sr 
work, carefu l ly screened into d i f fe rent size fractions by 
magnetic separation and handpicking, predominantly clear 
euhedral*, with no evidence of zoning or other r e l i c t features, 
presented a markedly discordant age pattern, closely conforming 
to a time-dependent di f fusion curve 4 (with an upper intercept 
age of 580 ± 30 m.y . l ) . 

The discrepancy between the Rb-Sr and U-Pb ages for the granite 
on Goas, previously suggested by reconnaissance work, s t i l l 
persists and is par t icu lar ly disturbing in that Blaxland et a l . s 

have reported a Rb-Sr age of 515 ± 20 m.y. for samples from the 
same outcrop. Furthermore, Hawkesworth and Marlon 5 l i s t 
numerous Rb-Sr isochron ages, a l l less than 600 m.y., for 
Salem-type granitoids elsewhere in the Damara Bel t . 

I t can be concluded that the distances over which isotopic equi
l i b ra t ion is ef fect ive during anatectic** granite formation and 
during later thermal events is crucial in the interpretat ion of 
radiometric ages on such rocks. In the present instance the 
possbi l i ty that a post-anatexis event achieved equi l ibrat ion 
over a single outcrop scale (thereby also resett ing mineral, i n 
cluding z i rcon, ages) cannot be excluded, but the preferred i n 
terpretat ion is that , in accordance with the Roddick and Comp-
ston model 5 , anatexis did not result in isotopic equi l ibrat ion 
on a mult i-outcrop scale. Noting that the Rb-Sr isochron age 
for the single outcrop samples may be biased in the direct ion of 
younger mica ages, we conclude that the U-Pb zircon age of 580 ± 
30 m.y. 1 is the most re l iab le age indication presently available 
for the time of c rys ta l l i za t ion of the granite on Goas. Anatex
is of Khomas schists is indicated, at least in this instance. 

The Age of the Oorlogsende Porphyry S U A 

Objective 

To apply the uranium-lead 
age dating method towards 
the delimitation of the time 
of extrusion of the 
Oorlogsende porphyry. 

Summary 
Uranium-lead age dating on 
zircon from the Oorlogsende 
porphyry yielded a 
disoordiagram-age of 1 094 ± 
20 m.y. and supports i ts 
correlation with the Niickopf 
Formation, an equivalent of 
the Sinclair Sequence. 

The Oorlogsende porphyry*, exposed in eastern South West A f r i ca , 
occurs halfway between the outcrops of similar rocks near 
Witvlei and in north-eastern Botswana, Correlations are compli
cated by sand cover, lack of exposed contacts, and fau l t i ng . On 
the basis of i t s composition the porphyry is considered to be 
part of the Nuckopf Formation, an equivalent of the Upper Sin
c la i r Sequence. 

The porphyry comprises several isolated outcrops of feldspar-
quartz-porphyry over a distance of 9 km in the Epukiro Omur••« oa 
and i t s t r ibutar ies in Hereroland East - halfway between the Red 

* euhedral: 
••anatexis: 

+porphyry: 

perfect crystal shape. 
A high temperature metamorphic 
process by which plutonic rocks in 
the deeper levels of the crust is 
dissolved and regenerated as a magma, 
rocks containing conspicuous pheno-
crysts 1n a fine-grained groundmass. 
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Line and the Oorlogsende. The porphyry is a massive, hard, grey 

to black rhyolitic* rock with liqht-brownish weathered crust. 

Considered to be a tuffaceous ignimbrite**, this porphyry is 

unmetamorphosed but displays intense fracture cleavage in many 

places. In the north-west the Oorloqsende porphyry seems to be 

bounded by rocks of the lower Swakop Group, aïthouqh there is a 

distance of 7 km between outcrops of the two successions. 

Seven samples of porphyry were collected along the Epukiro Omu-

ramba and subjected to zircon age dating. Zircons were mostly 

stubby, euhedral with numerous inclusions. Analyses of total 

WGH25 population with rather hiqh uranium concentration revealed 

an unexpectedly high 2 0 7 P b / 2 0 6 P b - a g e and a qrossly discordant 

age pattern both of which changed to the OE-sample-pattern when 

a lesser magnetic fraction was analysed (Fig. 15). 

«10 

if 00-

The age of 1094 ± 20 m.y. for the Oorlogsende porphyry (Fiq. 15) 

supports its correlation with and inclusion as a member of the 

Nuckopf Formation - for which a number of age determinations 

ranging between 1010 and 1232 m.y. are available6. 

On Okatjepuikn 154, 15 km north of Witvlei, there is another oc

currence of acid and subordinate basic volcanic rocks referred 

to as the Okatjepnko Formation6. These lavas were intruded by 

1154 ± 30 m.y. old diorite7 - the age suggested for the Niickopf 

Formation. On the most recent geoloqical map for South West 

Africa/Namib'a (1980) and on the geoloqical map for Gobabis (in 

press) these are included in the Marienhof Formation of the Re-

hobot Sequence but they could also be equivalent to the pre-

Nuckopf portions of the Sinclair Sequence - an interpretation 
which is preferred. 

* rhyolitic: 
**1gnimbrite: 

volcanic equivalent of qranite. 
s i l ic i r .e-volcanic type. 
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Johannesburg-Pretoria Granite Dow 

Objective 

To perfo... radiometric 
dating of archaean tonalitic 
gneisses fro» the 
Johannesburg-Pretoria 
granitic done. 

Summary 

Tonal i t i c gneiss a—pies 
have been collected fro» 
various localit ies in the 
southern portion of the 
Johannesburg-Pretoria 
granite done and subjected 
to radiometric age dating of 
the constituent zircon. A 
variety of zircon fractions 
yielded a discordiagram-age 
of 3170 ± 33/34 m.y.% 

The Johannesburg-Pretoria granite doae offers an unique oppor
tunity to examine Archaean basement rocks in the central part of 
the Kaapvaal Craton. In contrast with their counterparts in the 
Vredefort area and in the western Transvaal, the rocks of the 
dome consist of a number of different granite types each dis
playing distinctive f ield characteristics and possessing sig
nificantly variable g*ochemical, mineralogical and textural pro
perties. 

Field investigations by Anhaeusser10 led him to conclude that 
the oldest granitic rocks on the doae consist of a variety of 
tonalit ic* and trondhjemitic** gneisses and associated migma-
t i tes . These, he noted, are intruded by a later suite of homo
geneous and porphyritic granodiorites 3132 ± 64 m.y. in age 1 1 as 
well as s t i l l younger fel site and porphyritic fe ls i te dykes 
known to intrude also the sedimentary rocks of the Witwatersrand 
Supergroup. 

The aim of this study was to investigate the age of the tonal i -
t ic gneisses occurring in the south-central portion of the Jo
hannesburg-Pretoria granite dome where these rocks intrude a va
riety of mafic and ultra-mafic assemblages similar to those 
found in the Barberton Mountain Land in the eastern Transvaal 
where the ancient greenstone succession yielded a Sm-Nd age of 
3510 ± 60 m.y. 1 2 . 

Most of the material selected for isotopic study fal ls into the 
mesocratic hnrnblende'biotite tonalite category with good expo
sures in most of the area shown in Fig. 16. The tonal i t ic 
gneisses are particularly strongly foliated near the contacts 
with the greenstone margins. However, in most areas they are 
relatively homogeneous, even-textured and void of pegmatite'*' or 
apl i te 4 * veins. 

Mineralogically the tonalites contain mainly quartz, sodic 

* tonalitic: 

••trondhjemitic: 
"•"pegmatite: 

+ + a p l i t e : 

quartz-piutonic rock, poorer in 
potassium than trondhjemite. 
granitic, poor in potassium, 
coarse-grained igneous rock, usually 
as dykes associated with plutonic 
rock of finer grain size, 
dyke rock of fine-grained granitic 
texture and consisting almost 
entirely of light-coloured mineral 
constituents. 
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Figure 16 

Locality map 
House samples. 
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plagioclase*, hornblende and biotite. Accessory minerals in
clude sphene, apatite, magnetite and zircon. The trondhjemitic 
gneisses have essentially the same mineralogy as the tonalites 
but biotite replaces hornblende as the dominant ferro-magnesium 
component. 

The tonalitic gneisses have a distinctive chemical composition 
being characterized by high Na 20 and low K 20 contents. Other 
notable features include a low silica content and relatively 
high concentrations of iron, magnesium, calcium and titanium. 
Trace element contents are also noteworthy with most of the 
samples listed containing high amounts of Sr and low Rb concen
trations. 

Sample RK2, near the geochronology sample site in the Rembrandt 
Park area, contains mainly biotitp, quartz and sodic plagio
clase and is petroloqically more akin to a trondhjemite thai, a 
tonalite. Chemically, the distinctions include a higher Si0 2 

content and lower concentrations of Fe 20 3 as total Fe, MgO, CaO 
and Ti0 2. 

The tonalite samples yielded abundant euhedral zircon grains 
with pyramidal terminations (Fig. 17). In certain cases the 
euhedral crystal form had undergone modification by corrosion 
rounding that has blunted the pyramidal terminations. Unidenti
fied inclusions also appeared in some crystals (Fig. 17 AN5) and 
in others euhedral growth zones were noted (Fig. 17 PV2). 

"plagiodase: a mineral group cotaining Na, Ca, Al, 
Si and 0 2 in solid solution - common 
rock-forming minerals. 
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Figure 17 

Zircons from tonalitic 
gneiss, Johannesburg-Pre
toria dome. 

The analytical results are best Il lustrated by Wetherill's 
dlscordiagram13, which Is characterized by a fair degree of 
conformity (Fig. 18)*. The considerable degree of concordance 
il lustrated by the relevant isotopic data clearly established an 
age of 3170 ±33/34 m.y. for the tonal i t i c gneisses of the 
Johannesburg-Pretoria dome. 

*The lower Intersect at 322 ± 2/2 m.y. may well represent an 
approximate time for the latest stage of domical upl i f t of the 
Archaean basement north of Johannesburg. 
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The Pre-Malaesbury Granitic Basenent in the Franschhoek Valley, 
South-Uestem Cape Province1" 

Objective 

To perform uranium-lead iso-
topic dating on the Fransch
hoek porphyry dykes for 
stratigraphic modelling of 
the Pre-Cape succession in 
the Franschhoek district. 

Summary 

New geochronological, petro-
logical, geochemical and 
field data show the Fransch
hoek porphyry dykes to be a 
member of the Cape Granite 
Suite and that the Fransch
hoek Formation is a unit of 
the Malmesbury Group. 

The determination of the stratigraphic position of the pre-Cape 

Franschhoek Formation has always been hampered by poor outcrops, 

deep weathering and dense vegetation. Recent construction of 

the Franschhoekberg Tunnel, however, has provided both new in

formation and samples suitable for radiometric age dating. 

Geological investigation of the Franschhoek area dates back to 

the previous century when Schwarz 1 5 compared the "French Hoek 

Beds" with the "Cango Beds" near Oudtshoorn which were then con

sidered to be younger than the "Malmesbury System". Hartnady 1 6 

considered the Franschhoek Formation to be part of the Malmes

bury Group, basing his interpretation on structural evidence 

from the Franschhoek and Worcester areas but regarded the por-

phyritic dykes as the result of the tectonic* brecciation** of 

the pre-Franschhoek Formation granitic rocks. Thus, the validi

ty of any stratigraphic model for the region is dependent on the 

interpretation of the relationship betwetn the Franschhoek For

mation, the granite and the age and origin of the quartz por

phyry dykes. 

The Franschhoek Formation comprises a distinct assemblage of 

pre-Cape rocks that display little similarity to the Malmesbury 

Group found elsewhere. Amongst a variety of rock types, dat

able granitic todies only occur in the Assegaaibos-Robertsvlei 

region as a red porphyritic granite at Assegaaibos and the grey 

green non-porphyritic Keerwedernek granite. Surface exposures 

•tectonic: 

**brecciation: 

designating rock structure - external 

forms resulting from deformation of 

the earth's crust. 

fragmentation of rock in anguiar 

pieces to be distinguished from 

rounding by water. 
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display an intrusive contact of the Keerwedernek granite into 
the Assegaaibos granite in the Franschhoekberg Tunnel - clearly 
indicating the red porphyritic Assegaaibos granite to be the 
younger of the two bodies. The porphyritic nature of the 
Assegaaibos granite and other features are reminiscent of the 
Cape Granites Sui te 1 7 while the Keerwedernek granite has a more 
basic nature reminiscent of the hybrid granodiorites of the 
Darling Batholith than any of the granitic plutons. 

Franschhoek quartz porphyry dykes cutting the pre-Cape rocks in 
the Franschhoek-Paarl-Stellenbosch distr ict , was f i rs t investi
gated by Dunlevey18 who studied fresh exposures in the Fransch
hoekberg Tunnel. Field relationships indicate that the maximum 
age of the dyke intrusion is in the age range of the Cape Gra
nites, i .e. 500-600 m.y . 1 9 " 2 1 and the minimum age that of 
the basal units of the Table Mountain Group, i .e. 460-480 m.y. 

Uranium-lead isotopic measurements on zircon from the Fransch
hoek quartz porphyry dykes yielded a 2 0 7 P b / 2 0 6 P b (minimum) age 
of 536 ±35 m.y. (Fig. 19) and a discordiagram age of 51ó ±48/54 
m.y. (Fig. 20). Discrepant discordia ages (Fig. 20) could be 
attributed to relatively high uranium concentrations and ground
water leaching. 
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Figure 20 

Discordiagrant for Fransrh- a » 
hoek porphyry. 
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2.2.3 GEOPHYSICS 

Crustal and Upper Mantle 
Conductivity Structures in 
Southern Africa 

Groundwater Studies 

Engineering Geophysics 

Mining Geophysics 

Canpleaentary Projects 

The Geophysics Division develops and- improves geophysical pros
pecting techniques with emphasis on geoelectrical and seismic 
methods* which are applied to selected problems in groundwater 
hydrology, oil exploration, civil engineering and mining. It 
also relates experimental and theoretical investigations of 
earth models to specific problems, and carries out geoelectri
cal, geomagnetic** and magneto-telluric* deep soundings to ob
tain information on the structure and evolution of the crust and 
upper mantle of the earth. 

Crustal «id Upper Mantle Conductivity Studies in Southern 
Africa 

Objectives 

To study the vertical con
ductivity distribution in 
the crust and upper-most 
mantle, 
to map conductivity pro
vinces, and to study the 
structure and the evolution 
of the earth's lithosphere 
as reflected in the conduc
tivity distribution of rocks 
of different ages and di
verse tectonic regimes. 

Summary 

A reconnaissance survey was 
made preparatory to an 
ultra-deep sounding for 
which the powerline under 
construction between Wind
hoek and Aggeneys will be 
used. Vast thicknesses of 
sedimentary strata were 
found in this area. 

In the Eastern Transvaal 
Lowveld the deep structure 
of the economically impor
tant Murchison Greenstone 
Belt was studied. The geo
physical results support a 
structural model in which 
this greenstone belt could 
be one limb of a synclinal 
structure. 

As part of the South African 
National Geoscience Program
me, the Eastern Bushveld 
Complex was investigated. A 
highly conductive graphitic 
shale layer, belonging to 
the Silverton Formation, un
derlies most of this part of 
the Complex and serves as an 
excellent marker in the geo
electrical succession. 

(a) A deep geoeleccrical survey of the southern part of South 
West Africa. 

During March 1982 the Division carried out a reconnaissance sur
vey comprising 18 deep electrical soundings to study the earth's 
crust in South West Africa south of latitude 24 °S. These were 
the first measurements of this kind in the area, and the survey 
forms part of a study in which it is planned to use the power-
line under construction from Windhoek to Aggeneys for an ultra-
deep sounding. 

A preliminary evaluation of the data shows that although parts 
of the study area have resistivity properties similar to those 
of cratonic areas (resistivity in excess of 30 000 ohm m and 
transverse resistance greater than 400 x 
resistivity properties of other parts 
different. 

10 6 

are 
ohm rrr), the 
significantly 

Another aspect emphasized by the survey is the vast thicknesses 
of sedimentary strata belonging to the Karoo Sequence and Nama 
Group that occur in the area. The components of the sedimentary 
succession can be distinguished quite easily on the basis of 
their resistivities. The Dwyka Formation for instance has a 

•Seismic method 

••Geomagnetic 
soundings 

+Magneto-
telluric 
soundings 

A method of geophysical exploration in which 
the travel times of reflected and refracted 
artificial shock waves are used to give 
information about the depth and character of 
subsurface rock formations. 

Measurement of the normal components of 
changes in the earth's magnetic field at 
various points gives information about the 
electrical properties and structure of the 
earth. 
Measurement of naturally varying magnetic 
and normal electrical horizontal fields at 
various frequencies gives additional 
information concerning the earth's structure 
and electrical properties. 

54 



Geophysical data, and sever
al of the broad geological 
features along i t s exposed 
parts, are consistent with a 
cordilleran model for the 
Namaqua-Natal Mobile Belt. 
The data also suggest that 
the mobile belt may have 
originated in Proterozoic 
times along a continental 
edge. 

resistivity around 25 ohm m, while the different formations in 
the Nama Group have resistivities between 100 and 800 ohm m. 

(b) A geophysical study of the deep structure of the Murchi
son Greenstone Belt 

The Murchison Greenstone Belt is one of several greenstone belts 
that occur within the granite-greenstone terrain of the Kaapvaal 
Craton, and is situated in the Eastern Transvaal Lowveld. As 
shown in Fig. 21, this Archaean schist belt has an east-north
easterly trend, is 140 km long and is typically 5 to 10 km 
wide. The Murchison Belt consists of a sequence of volcanic and 
sedimentary rocks of low metamorphic grade intruded and surroun
ded by Archaean granites and gneisses. In general terms the 
belt is considered to represent a fair ly typical greenstone as
semblage although i t does have some unique features. The pre
sent-day economic importance of this remnant of the earliest 
crust derives primarily from the fact that the mines along the 
belt are major producers of antimony. 

Figure 21 

Geological map showing the 
Murchison Greenstone Belt 
and electrical sounding 
positions. 

Eiiand 

Slnidom Tunnel Hoedtprmt 

Late-stage Grantte Plutons 

I I MunoA and Mahhutswi Gneisses 

Root water Complex 

Grtvefotte Group 

ARC-HE AW 
GRANITE -CiNSlSS 
COMPLEX 

MURCHISON 
SEQUENCE 

• Electrical sounding position for ES5 
7560 Thickness of greensfofw assemblage 

m metres 

\ Ro*i>. 

A geophysical study aimed at unravelling some of the structural 
problems that exist in this granite-greenstone terrain was 
undertaken as part of the South African National Geoscience 
Programme. The survey comprised 15 deep electrical soundings 
and 720 gravity observations. 

The results of the deep electrical soundings (maximum current 
electrode spacings of 4 to 40 km) show that the rock assemblage 
in the schist belt has a resistivity of less than 5 000 ohm m 
and more typically 1200 ohm m, while the intrusive Rooiwater 



Complex and the surrounding granite-gneiss terrain have resis
tivities in excess of 10 000 ohm n. Geoelectrical models indi
cate thicknesses of up to 7,5 km for the greenstone assemblage. 
The main feature of the Bouguer anomaly map of the Murchison 
belt and environs is a relative high of up to about 300 g.u. 
that runs along the entire length of the belt and reaches its 
largest amplitude over the Rooiwater Complex. Density determi
nations were doen on 47 samples representing most rock types in 
the area. This information was used to derive a two-dimensional 
model to fit the residual gravity anomaly data along a profile 
crossing the belt (Fig. 22). The results are in agreement with 
the resistivity models and a structural model in which the 
greenstone belt could be one limb of a synclinal structure. 

Figure 22 
Residual gravity anomaly and 
two-dimensional model along 
a section (shown in Fig. 21) 
through the Greenstone Belt. 
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(c) A geoelectrical survey of the Bushveld Complex 

The purpose of this investigation is to study the structure of 
the Bushveld Complex in selected areas by means of deep geoelec
trical soundings. The study forms part of the South African Na
tional Geoscience Programme. During 1981-82 13 deep electrical 
soundings (Fig. 23) where made in the Eastern Bushveld Complex. 
The survey was greatly facilitated by the presence of a very 
conductive graphitic shale layer, that belongs to the Silverton 
Formation of the sedimentary Pretoria Group, which was expected 
to underlie the complex. In fact, this layer, with a resistivi
ty around 10 ohm m, has been proved to occur along the entire 
eastern margin of the Bushveld Complex. Soundings on outcrops 
of the various lithloglcal units established resistivity para
meters for the stratlgraphic succession which overlies the gra
phic shale. Immediately above this geoelectrical marker occurs 
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a zone with a resistivity between 2000 and 2500 ohm m, and this 
is followed by a zone with a resistivity around 6000 ohm m, the 
top of which also marks the top of the Pretoria Group. 

0 50km 

Bushveld Granite 

Mafic rocks of the Bushveld Complex 

Pretoria Group 

Sounding position 

The mafic rocks of the Bushveld Comples have a resistivity of 
about 240 ohm m, while that of the Bushveld Granites exceeds 20 
000 ohm m. It is clear that the different lithological units in 
the succession have very characteristic and distinguishable 
resistivity parameters. 

The survey proved that the qraphitic shale can be traced 
geoelectrically under the Complex, and that it, and by 
implication also the Pretoria Group, occur underneath both the 
mafic and granitic components of this layered complex. The 
results showed that towards the centre of the Cu.iplex, which is 
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also the centre of the sedimentary basin occupied by the 
Transvaal Sequence, the electrically resistive (mainly 
quartzitic) zone in the Pretoria Group is quite thin and that 
the 2000 ohm m layer (a more shaly horizon) thickens 
considerably. The mafic rocks are also thinner than would be 
expected on the basis of stratigraphic extrapolations. Another 
important finding that ties in with earlier gravity 
interpretations is the probable absence of mafic rocks 
underneath the Bushveld Granites in the Eastern Bushveld 
Complex. 

(d) Geogelectrical and gravitational characteristics of the 
Namaqua-Natal Mobile Belt and its boundaries 

A study was made of the available geoelectrical and 
gravitational data on the Namaqua-Natal Belt to assess the 
difference in geophysical properties between the mobile belt and 
the adjoining tectonic provinces. The geophysical signature of 
its boundaries was also investigated. 

Schlumberger sounding data indicate that a large fraction of the 
exposed, part of the geotectonic province has cratonic 
geoelectrical properties. Magnetovariational data suggest that 
the Namaqua-Natal Belt could have formed part of an Andean 
mountain belt. Several of the broad geological features of the 
belt and the gravity data are also consistent with such a 
cordilleran* model. 

Modelling and age correlation show that gravity anomalies can 
indicate the northern boundary of the mobile belt. The gravity 
signature across the Namaqua-Natal Front resembles gravity 
profiles across similar boundaries in the Canadian, Indian and 
Australian Shields. Magnetovariational data and static magnetic 
anomalies indicate the position of the southern boundary of the 
Namaqua-Natal Belt, and suggest that it did not form as an 
intracratonic mobile belt, but originated in Proterozoic times 
along a continental edge. 

Groundwater Studies 

Objective • 

To develop and apply geophy
sical techniques in ground
water exploration and their 
evaluation in various hydro-
geological environments, and 
to study the relationships 
between hydrological and 
geophysical parameters. 

Summary 

A geophysical and borehole 
investigation on tne West 
Coast identified good quali
ty groundwater regions in 

(a) Geophysical and geohydrological study of the Lambert's 
Bay and Elands Bay areas. 

At the request of the Division of Geohydrology of the Department 
of Environment Affairs and Fisheries the Division completed a 
geophysical and geohydrological study of selected areas along 
the West Coast in the vicinity of Lambert's Bay and Elands Bay. 
Groundwater occurs in the unconsolidated sediments overlying 
rocks of the Table Mountain Group and the Klipheuwel Formation 

•Cordillera: A broad assemblage of more or less parallel 
mountain ranges such as the Andes Mountains 
in South America. 
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the area, and assure the 
current and projected water 
requirements of Lambert's 
Bay. 
The geoelectrical investiga
tion in the Western Kalahari 
was extended towards the 
east and west. The western 
parts appear to be the most 
promising and will be inves
tigated in greater detail. 

Following an earlier project 
to locate possible water
bearing structures in He-
reroland East, the Division 
participated in an emergency 
scheme to open up this area 
to stock grazing. Boreholes 
were drilled with a success 
rate of about 36 % which 
compares favourably with the 
17 % obtained earlier. 

As part of an extensive geo-
hydrological research pro
gramme planned for the Nor
thern 2ululand coastal 
plain, a preliminary geo
electrical investigation 
around Lake Sibayi was car
ried out. Interesting in
formation was obtained about 
the pre-history of Lake Si
bayi and about the amount of 
water seeping annually from 
this lake into the Indian 
Ocean. 

In the Langebaan-Saldanha 
area boreholes were logged 
radiometrically and, where 
possible, electrically to 
determine variations of the 
penetrated formations with 
depth. The investigations 
provided useful information 
supplementary to the geo
logical logs and helped 
resolve some discrepancies. 

in sufficient quantities to meet the requirements of the farming 
community, but the quality is often poor. The town of Lambert's 
Bay is also entirely dependent on groundwater for its water 
need?, and because of increasing consumption in recent years re
quired additional supplies to provide for the anticipated future 
demand. 

The electrical sounding technique was used to delineate areas 
where fresh water occurs. In total, 760 soundings were made and 
20 exploratory boreholes drilled. These boreholes were subject
ed to various geophysical tests to investigate, amongst others 
porosity and resistivity variations with depth. Three areas 
where groundwater of good quality probably occurs were 
outlined. These areas are situated to the northeast of 
Lambert's Bay, at Wadrif, and the third approximately 3 km north 
of Elands Bay. The boreholes with the highest yields are those 
drilled in the Wadrif region between Elands Bay and Lambert's 
Bay. Additional boreholes were drilled in this area for the 
Municipality of Lambert's Bay and currently supply all of the 
town's water requirements. 

Large quantities of good quality water were discovered in the 
area ncrth of Elands Bay, but it is unlikely that this source 
will be developed in the near future. 

(b) Groundwater investigation in the Western Kalahari 

Since January 1980 the Division in collaboration with the Divis
ion of Geohydrology, Department of Environment Affairs and 
Fisheries has been involved in a geophysical and geohydrology 
study of a 125 km long strip adjacent to the Kuruman River be
tween Witdraai and Vanzylsrus. The purpose of the survey is to 
delineate areas where groundwater of good quality occurs within 
the sediments of the Kalahari Group. 

Although the electrical sounding curves do not show the water-
saturated Kalahari sediments as a well-defined geoelectrical 
layer, limited borehole control made it possible to delineate 
areas where the Kalahari sediments occur below the water table. 
From recent drilling, however, it would seem that in some areas 
the permeability is lower than expected. 

In the eastern portion of the survey area, where the water table 
is a', approximately 100 m, the water-saturated Kalahari sedi
ments attain a maximum thickness of some 40 m. Towards the west 
the water level is much shallower, and the thickness of saturat
ed Kalahari sediments is about 100 m. Although this represents 
a significant increase in the volume of water-saturated sedi
ments, the aquifer in this area contains both brackish and fresh 
water, which reduces the amount of abstractable good quality wa
ter. However, some success has been achieved in determining 
this interface from the electrical sounding results. 

After interpreting the earlier sounding curves, ^nd combining 
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these results with available hydrogeological information, cer
tain areas were outlined where more information on the extent of 
the aquifer is required. Investigations currently under way in 
these areas will be followed by further exploratory drilling and 
pumping tests of selected boreholes. 

(c) The location of water-bearing structures in Hereroland by 
means of Schlumberger soundings and rectangle measure
ments 

In the southern and north-western areas of Hereroland west where 
the groundwater table lies in the sedimentary strata of the 
Kalahari Group, geoelectrical investigations by means of Schlum-
berger soundings have been applied successfully, not only to de
lineate the various aquifers within the Kalahari Group, but also 
to distinguish between the brackish Lower Kalahari aquifer and 
the Middle Kalahari aquifer which generally contains good quali
ty water. It also proved possible to relate the average resis
tivity of the water-saturated Middle Kalahari to water quality 
within this aquifer. 

The integration of field and laboratory data collected during 
this five-year project permitted the delineation of the most 
promising areas for groundwater development. In these areas the 
saturated thickness of the Middle Kalahari Formation is rela
tively high (in excess of 50 m) and the average resistivity of 
this aquiferous unit is above 15 ohm m. Suggested wellfield 
locations have been indicated, and it has been calculated that a 
network of 112 boreholes distributed along the wellfield axes 
could tap approximately 68 per cent of the total groundwater re
charge of 25 000m3/day to western Hereroland. This is far in 
excess of the current abstraction rate. During the past year 
the final report1 on this work was completed. 

In Hereroland East, with the exception of the southern border 
area, the water table lies within the basement rocks under a co
ver of Kalahari sedimentary strata. The fact that the best 
aquifers in Hereroland occur in the border areas had led to a 
population concentration along the southern and western margins 
of the territory. In these regions it is as a rule relatively 
easy to meet the demand of good quality water at different loca
lities by means of wildcat drilling. In the eastern parts of 
Hereroland, however, the water occurs in the bedrock under a co
ver of Kalahari sediments, and it is much more difficult to 
locate water on this basis. An analysis of available borehole 
statistics shows a success rate of only 17 per cent in these 
parts, compared to between 30 and 40 per cent for the territory 
as a whole. The water struck in several of the so-callled 
"successful" holes is, however, of a poor quality, and 
unsuitable for both animal and human consumption. As a result 
these areas are virtually uninhabited, despite the fact that 
they have the highest rainfall (more than 450 mm/a) and the best 
grazing in Hereroland. 



The early investigations in the eastern parts of Hereroland in
dicated that in areas where the water table occurs within the 
bedrock, the Schlumberger sounding technique may not be the best 
available geophysical tool for the location of possible water
bearing structures. During 1980 ana 1981 the Division, there
fore, investigated the suitability of the rectangle profiling 
nethod for the detection of aquifers in the bedrock underlying 
the Kalahari beds in hereroland East. Although no water was 
struck in any of the experimental holes drilled during this re
search programme, the results proved, in most cases, the exis
tence of the expected geological structures. 

Early in May 1981 the Department of Water Affairs of South West 
Africa/Namibia formally requested this Division to assist their 
Geohydrology Section with the selection of borehole sites in an 
attempt to provide water for an emergency grazing scheme in 
Hereroland East. The geophysical field work started shortly 
afterwards and the CSIR personnel stayed in the area tii! mid 
July when other commitments forced then: to withdraw. During 
this time the Geophysics team investigated 18 different sites by 
means of the rectangle profiling method and Schlumberger 
soundings. On the basis of this work, as well as that done by 
the Water Affairs team and co-ordinated by the CSIR personnel, 
22 boreholes were drilled of which 8 can be defined as 
successful having yields in excess of 1 m 3/h. This gives a 
success rate of about 36 X. The maximum borehole yields were 
18 m 3/h and 22 m 3/h. The electrical profiling results show that 
high apparent resistivities are indicative of low groundwater 
potential. All the successful holes are located in areas where 
the apparent resistivity lies between 100 and 310 ohm m for a 
current electrode spacing in the range 1500 to 3000 m. The 
results of this survey were presented in a report by De Beer, et 
alA 
(d) Geophysical-geohydrological survey of an area around Lake 

Sibayi, Northern Zululand 

At the request of the Kwazulu Government a geoelectrical survey 
covering an area of approximately 1000 km2 around lake Sibayi on 
the coastal plain of Northern 7>jluland was completed in December 
1981. This survey was a pilot study to obtain information for 
the planning of an extensive hydrological and geohydrological 
research programme envisaged for the coastal plain of Northern 
Zululand. 

Of the 85 electrical soundings that were done, 84 were aimed at 
obtaining information about the Cretaceous and younger forma
tions. For the remaining sounding, current electrode spacings 
up to 6 km were used to probe beyond these formations into the 
more resistive Lebombo Group of the Karoo Sequence. 

Four boreholes drilled during the search for oil on land in the 
early seventies provided information for the calibration of geo
electrical sections derived from the field data. In particular, 
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the interpretation of depths to the top of the Cretaceous/Palae-
ocene siltstones of the Zululand Group could be done with confi
dence. 

In addition, supporting evidence was found for the theory that 
Lake Sibayi represents a lagoon of the Pongola River prior to 
the development of the river's present northern course. Fur
thermore, determinations of the thickness of the pre-Miocene 
formations has led to a new improved estimate of the volume of 
water seeping annually from Lake Sibayi into the Indian Ocean. 

(e) Geophysical borehole survey in the Langebaan-Saldanha 
area 

For several years now the Department of Environment Affairs and 
Fisheries has been engaged in a survey to assess the groundwater 
potential of the area along the West Coast. At their request 
the Division conducted a geophysical survey of 25 boreholes in 
the Langebaan-Saldanha area. 

With the exception of two boreholes in the southern part of the 
survey area, only radiometric techniques, viz. natural gamma, 
gamma-gamma and neutron, could be used in this investigation. 
Steel and/or PVC casings were inserted in all these boreholes 
because of thick, unconsolidated sands and clays covering the 
Malmesbury shales and granites in the area. In most cases the 
boreholes were cased to their loggable depths, which means that, 
except for the two boreholes mentioned above, no resistivity 
measurements could be made. 

The geophysical investigation provided valuable information on 
the clay content, porosity and density of the formations pene
trated by the boreholes. In some cases discrepancies in the 
geological borehole logs, due to poor control on the depths at 
which samples were taken, sample mixing and the loss of sample 
constituents caused by the sampling procedure, could be resolv
ed. 

Radiometric logging techniques were developed primarily for the 
investigation of boreholes drilled in the search for oil. This 
application is well documented, but relatively little has been 
published about the use of these methods in groundwater applica
tions. Consequently, in such applications, radiometric data are 
usually interpreted in a qualitative rather than quantitative 
manner. This makes it difficult to calculate absolute values 
for the measured quantities, or to compare results obtained at 
different boreholes. Research into these and related aspects of 
radiometric logging is planned for the near future. Included in 
thi-s project is a test borehole for experimental purposes, and 
also for the calibration of radiometric and resistivity logging 
equipment. 
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Engineering Geophysics 

Objective 

To develop and apply geophy
sical methods to problems in 
the various fields of engi
neering, and to develop 
and/or improve equipment for 
the practical application of 
geophysical techniques. 

Summary 

The new site for the earth 
electode of the Caborra Bas-
sa-Apollo power line proved 
to be far superior to the 
existing one, and prepara
tions are being made for its 
utilization. 

New site for the earth electrode of the Caborra Bassa-Apollo di
rect current power line 

The deterioration of the existing earth electrode on the farm 
Elandsfontein near Pretoria led to a decision by ESCOM to inves
tigate the possibility of relocating the earth electrode. At 
their request, the Division carried out a geoelectrical survey 
which resulted in the selection of a terrain on the farm Zwavel-
poort, some 14 km from the Apollo terminal, where the power line 
crosses the suboutcrop of a very conductive graphitic shale lay
er in the Silverton Formation of the Pretoria Group. Several 
test boreholes were drilled, all of which entered the graphitic 
shale at depths less than 15 m, yet even at 65 m, the depth of 
the deepest borehole, did not pass through it. The greater ex
tent, thickness, homogeneity, conductivity and the smaller depth 
of the conductor, which makes for lower installation costs, all 
add up to make this site a far better proposition than the one 
in which the existing earth electrode is located. 

An experimental electrode wat installed in one of the test bore
holes and operated at a current of 700 A. Measurements between 
the electrode and the ground next to it showed a voltage dif
ference of only 12 volts. Between this point and others at dis
tances up 400 m around it, the voltage gradients were negli
gible. Measurements that were made along an east-west line 10 
km long, and also along the power line, showed no measurable 
voltage gradients. On the basis of these tests and others con
ducted by its own personnel, ESCOM has decided to install a sys
tem of earth electrodes at the Zwavelpoort terrain, and is cur
rently building a line to link this system with the Apollo ter
minal. 

Mining Geophysics 

Objective 

To develop, refine and eval
uate techniques for ore pro-
spection under the various 
geological situations in 
which minerals occur in 
southern Africa. 

Summary 

Work on the implementation 
of a transient field 
electromagnetic sounding 
technique was continued. 
The general theoretical 
investigation into 
electromagnetic phenomena 
was concluded, and followed 
by a study of the frequency 
response of a lay-

Transient electromagnetic sounding technique 

After concluding a general theoretical investigation of tran
sient electromagnetic phenomena, attention centred mainly on the 
response of a layered earth to a grounded electric dipole. The 
Maxwell equations were formulated in terms of the electric and 
magnetic fields, and the resulting Helmholtz equation shown to 
be satisfied in each layer. The solutions contain improper in
tegrals of the Hankel transform type and an existing computer 
program5 is used for their numerical evaluation. A plotting 
program was added to study the frequency response of different 
geoelectrical sections, as well as the effects produced by 
varying the transmitter-receiver geometry. Results obtained 
thus far emphasized the complementary iiature of time-varying 
electromagnetic and direct current sounding techniques, and 
provided valuable information for the planning of field 
experiments. 

63 



ered earth to a grounded 
electric dipole. On the in
strumentation side, further 
development work was done on 
the pulsed power source of 
the transmitter. Additional 
coils and associated cir
cuitry now extend the usable 
frequency range of the re
ceiver to 1 kHz. 

Meanwhile field trials were conducted to Investigate particular 
aspects of the microprocessor controlled system1* developed for 
the practical application of this method. These trials showed 
that the switch-off times of the controlled power source were 
too long to produce the required sharp-edged current pulses. 
Two new switching stages were designed - one for fast-switching 
low-current applications, and the other to handle currents of up 
to several hundred amperes. Assuming resistive loads the former 
switches in 200 ns, while the latter reduces the switch current 
to zero in 100 us. 

Two additional receiver coils, complete with filters and pro
grammable amplifiers, were constructed to complement the exist
ing coil which covers the frequency range 0,01 Hz to 9,3 Hz. 
The new coils extend the usable frequency range to 1 kHz in two 
bands of 1 Hz to 25 Hz and 10 Hz to 1 kHz respectively. 

Complementary projects 

Objective 

To develop and evaluate com
puter programs for the pro
cessing and the interpreta
tion of geophysical data and 
the theoretical investiga
tion of geophysical and geo-
hydrological models, and 
to bring about a better un
derstanding of the geophysi
cal method and to promote 
its use by providing consul
ting services, specialized 
facilities and training to 
selected persons. 

Summary 

Arrangements for the 
translation and publication 
of a Spanish text book on 
direct current prospection 
methods have been 
finalized. Editing of the 
direct translation is to 
start soon. 

The Division experiences a 
steady demand, both locally 
and from overseas, for its 
publications and manuals. 

(a) Translation of Spanish textbook on direct current pros
pecting techniques 

Arrangements for an English translation and publication of the 
Spanish testbook, Prospeccion Geoelectrica en corriente continua 
by Prof. E. Orellana, have been finalized, and a contract signed 
with the publishers, Editorial Paraninfo, S A, of Madrid. A 
direct translation of the book has been completed, but because 
of changes and additions to the second edition which was pub
lished recently, some 2 000 lines of text are currently being 
translated. Prof. Orellana has agreed to revise the edited ver
sion of the complete translation. 

(b) Consulting and other services 

Geologists and geophysicists from both the public and private 
sectors, and also members of the public, regularly approach the 
Division for advice on geophysical and related matters. Some 
universities also made use of the Division's facilities, includ
ing field equipment. These services are provided free to pro
mote geophysical expertise in the Republic. 

During the past year the Division again experienced a steady de
mand for its publications, manuals and also bi-logarithmic graph 
paper for plotting sounding curves. Apart from the local de
mand, orders were received from countries such as Australia, Ca
nada, Germany, Lesotho, SWA/Namibia, Swaziland and even the Uni
ted States of America. 
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2.2.4 NATURAL ISOTOPES 

OONIBVIS 

Quarternary Chronology and 
Palaeocliaatology 

Application of Isotopes to 
Hydrology 

Iaotopic Effects in Mature 

The Division studies isotopic effects in nature and develops ap
pl icat ions for natural isotopes in hydrology, oceanography and 
other environmental sciences. 

Fac i l i t i es are available for the analysis of low-level radio
active isotopes such as carbon-14, t r i t i u m , radon and uranium, 
and for the accurate determination of variat ions in the stable 
isotope rat ios of the l ight elements hydrogen, carbon, nitrogen 
and oxygen. Radiocarbon dating is performed on a routine basis. 

Obiective 

To establish a reliable 
chronological framework for 
the late Quarternary period 
by means of isotopic dating 
methods, and to derive 
palaeo-environmental data 
from stable isotope studies. 

Summary 

Parallel high precision 
radiocarbon and ionium 
analysis on a stalagmite 
from the Cango Caves have 
revealed major discrepancies 
in C-14 dates for the Late 
Pleistocene. These dis
crepancies can be ascribed 
to variations of the geo
magnetic dipole field of the 
earth. Oxygen isotope 
measurements on the same 
stalagmite have produced a 
palaeotemperature curve for 
the past 40 000 years in the 
Little Karoo. Analyses of 
fossil bone from cave sites 
in Lesotho have shown that 
the carbon isotopes can also 
be used as palaeoclimatic 
indicators. 

Quarternary Chronology and Palaeocliaatology 

The remaining sections of the 2,8 m tall stalagmite from the 
Cango Caves at Oudtshoorn have now been removed to the labora
tory for isotopic investigation. The base of the speleothem has 
given a radiocarbon age of 47 000 years Before Present so that a 
complete record over this period is now available, with the ex
ception of the 10 000 years between 16 000 and 6 000 BP when no 
carbonate deposition took place. Parallel determinations of ra
diocarbon and ionium ages over the entire length of the stalag
mite have, for the first time, provided direct evidence of vari
ations in the C-14 content of the atmosphere beyond the range of 
the Californian tree-ring sequence1. Over the past 6 000 years 
the Th-230 dates are compatible with the tree-ring calibrated 
C-14 dates, but between 18 000 and 40 000 BP considerable dis
crepancies exist between the two dating methods. During most of 
this time the C-14 ages are a few thousand years younger than 
the Th-230 ages, while between 35 000 and 29 000 BP the C-14 
dates remain nearly constant at 29 500 BP indicating a drastic 
reduction in the rate of C-14 production at this time. Since 
C-14 production in the atmosphere is directly controlled by the 
maqnetic field of the earth, these fluctuations in the C-14 as
say can be attributed to temporal chanr.es in the geomagnetic 
field strength. The observed fluctuations are compatible with 
available palaeomagnetic data, and specifically with the mount
ing evidence of a period of high geomagnetic dipole fields at 
about 30 000 C-14 years BP. A practical consequence of these 
findings is that C-14 and Th-230 dates are not directly compara
ble with each other. 

Oxygen isotope measurements on the same stalagmite in conjunc
tion with similar analyses on water from a confined aquifer near 
Uitenhage provide the necessary data for the calculation of en
vironmental temperatures over most of the past 40 000 years. 
The coldest period was between 20 000 and 16 000 BP '-hen the 
average annual temperature in the Little Karoo dropped to 5,5°C 
below the present value. 

In the past year the laborious task was undertaken of calibrat
ing the different C-14 counters in use to a higher degree of ac
curacy than was hitherto required. This had become necessary 
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with regard to the high precision measurements on tree-ring se
quences that are being performed together with three overseas 
laboratories. The goal of this long-term project is to esta
blish the exact nature of the small fluctuations in the C-14 as
say during the Holocene period (<10 000 years BP) and to provide 
a more accurate calibration curve for C-14 dates. At present we 
are concentrating on the 3rd millennium BC (Early Bronze Age 
period). 

Investigation of fossil skeletal material has shown that changes 
in the vegetation cover of the environment are clearly revealed 
in the carbon isotopic composition of the animals2. Two sets of 
zebra teeth from excavated archaeological sites in Lesotho, the 
various levels of which have been dated by C-14, indicate a pre
dominance of C3-type grasses* in the vicinity of the caves dur
ing the Last Glacial Maximum, changing to predominantly re
types** in the post Glacial period. At present the C 3 grass 
species are found in abundance only on the high mountains in 
Lesotho where temperatures are relatively low, while G,-grass 
species prevail in the hotter semi-arid flat lands. These re
sults thus demonstrate that carbon isotope analyses of bone can 
be used as a tool for investigating the extent of climatic 
change in the past and its effect on the local vegetation. 

Of the 260 radiocarbon analyses performed during the year some 
90 were devoted to dating of archaeological samples, including 
ones from Zimbabwe, Israel and elsewhere, while 80 pertained to 
geological dating. A good portion of the latter concerned the 
datinq of calcrete and lake sediments in the Etosha pan area to 
establish the sequence of humid/arid periods during the Upper 
Pleistocene. 

Application of Isotopes to Hydrology 

Objective 

To develop techniques and 
applications for environmen
tal isotopes in hydrology, 
especially for determining 
the origin and movement of 
groundwater. 

The isotopic and chemical investigation of the groundwater in 
selected areas in the Stampriet artesian basin has been complet
ed and reported to the Steering Committee on Water Research in 
SWAJ By applying a multi-parameter approach it was possible to 
derive a variety of hydroiogical and hydrochemical conclusions 
from the measurements, including the identification of recharge 
areas and flow patterns, and estimates of flow rates. 

Summary 

The investigation of ground
water in the Stampriet arte
sian basin has been success
fully concluded. Nitrogen-
15 analysis of the ground
water nitrate in the area 
has made it possible to 
distinguish between nitrate 
derived from animal waste 
and that naturally produced 
in piant/soil processes. 

In addition to the work on the artesian water in the Stampriet 
area, a study of the nitrate in the phreatic groundwater was un
dertaken. High nitrate contents (>20 mq N03-N/1) are commonly 
encountered In many parts of the territory and, as such, repre
sent a health hazard - 1n extreme cases also to livestock. 

*C3-type grasses: Grass species utilizing the C 3 or 3-carbon 
photosynthetic pathway. 

**G,-type grasses: Grass species utilizing the G, or 4-carbon 
photosynthetic pathway. 
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Hydrological and geochemical 
models have been developed 
for the Uitenhage artesian 
aquifer as well as for the 
groundwater NW of the I*nge-
berge in the Kalahari. The 
use of uranium series iso
topes as a prospecting tool 
has been investigated in 
these aquifers. 

By means of the nitroqen isotopic composition it was found to be 
possible to determine the source of the nitrate in the water. 
Most of the groundwater analysed, contained between 5 and 40 mg 
NO3-N/I, with a relative 1 5 N content of +5 to +8X0. This indi
cates that nitrate is derived from natural plant/soil process
es. In contrast, samples containing very high levels of nitrate, 
50 to 200 mg/'l, have 1 5 N values of +9 to +19%o, implying pollu
tion derived from animal waste. The localized sources of such 
pollution could be avoided by suitable siting and construction 
of boreholes and cattle kraals. 

Following preliminary studies of the Uitenhaqe artesian aquifer 
a further samplinq trip to the area was undertaken in November, 
1981. Data for a wide variety of chemical and isotopic para
meters have enabled the construction of detailed hydrological 
and geochemical models. Groundwater flows largely through the 
uppermost part of the Table Mountain Group quartzites. This 
aquifer Is recharged where the quartzites crop out north of 
Uitenhage, with the groundwater subsequently flowing eastwards, 
towards the Indian Ocean, below an inpermeable layer of younger 
sediments. 

Data on elements from the radioactive decay series of uranium -
2 3 8 U , 2 3"U, 2 2 6 R a , 2 2 2 R n and **He - suggest that uranium was ori
ginally deposited in the outcrop area, but that the reduction 
barrier, where uranium 1s precipitated, has moved down-dip in 
the course of the past 100 000 years. Whilst some of the helium 
dissolved in the water is generated by alpha-particle decay of 
radioactive elements in the aquifer, a significant proportion is 
probably derived as a helium-flux from deeper levels; this flux 
contribution however is relatively constant along the length of 
the aquifer. 

The low carbonate content for water in the recharge area is re
flected by unusually low pH values, and the resulting 'aggres
sive' nature of the water is responsible for the severe corro
sion of borehole casings. Owing to the relative purity of the 
quartzite, moreover, the subsequent addition of carbonate and 
other salts occurs at a very slow rate. This has enabled a de
tailed interpretation of the carbon isotope data ( 1 3C and l l*C). 
Carbon-14 ages increase linearly with distance eastwards away 
from the recharge area, and indicate a flow rate of 0,8 m/year. 
Locally, to the north of the recharge area, slower flow rates 
suggest a decrease in aquifer permeability. 

The porosity of the aquifer was estimated on the basis of labo
ratory measurements of quartzite samples and by an indirect, 
novel method using 2 2 2 R n . The data sugqested that the porosity 
1s unlikely to be larger than 5%. For the flow rate of 0,8 m/ 
year, and using liberal estimates for the width and thickness of 
the aquifer, a recharge rate of less than 150 mVday 1s obtain
ed. This corresponds to the long-term safe yield of the aquifer 
(the rate at which groundwater can be extracted without 'mining' 
the resource), and 1s considerably less than the present-day 
rate of extraction. 
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Objective 
Tto investigate isotopic 
fractionation effects that 
occur in the light elements 
in nature and to develop ap
plications for these pheno
mena. 

Summary 

Nitrogen-15 in rain at the 
CSIR shows seasonal varia
tions which may be related 
to anthropogenic pollution 
in the air. Experiments 
with cultivated Algae sug
gest that nore isotope frac
tionation of the carbon iso
topes occurs during photo
synthesis at higher tempera
tures. Plant protein is en-
richted by 3%o relative to 
the bulk plant cellulose. 

In collaboration with the AEB a uranium and stable oxygen isoto
pic study was conducted on groundwater occurrences in a part of 
the northern Cape Kalahari1*. Previously it had been concluded 
that the groundwater recharges in the Langeberg mountains and 
flows westwards (Vogel and Bredenkamp 1969). It became evident 
now from more detailed sampling and measurement that this is not 
the case. It is rather a situation of local recharge both in 
the mountans and in the plains. The greater depth at which 
groundwater is found away from the mountains causes greater ages 
to be observed there. 

Isotopic Effects in Nature 

The isotopic investigation of groundwater nitrate has been ex
tended to nitrate in rain. The meagre amount of published data 
suqgest that it may be possible to distinguish natural from an
thropogenic sources of nitrate on the basis of its 1 5 N content. 
Preliminary results for rain water collected at the CSIR, Preto
ria show a seasonal variation in 1 5 N which may be related to va
riations in the emission of natural and anthropogenic NO and 
NO?. 

The temperature dependence of the carbon isotopic fractionation 
durinq photosynthesis of Algae is being studied. In the first 
experiments it was found that the apparent fractionation is 
larger at higher temperatures, but this may be due to increased 
respiration/oxidation effects. 

Measurements of the 1 3 C content of protein extracted from seeds 
of C3 plants show this isotope to be enriched by 3to relative to 
the bulk cellulose material5. This partly explains why the 1 3 C 
content of animal protein is also enriched with respect to the 
plants constituting the diet of the animals. More detailed 
measurements are under way. 
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2.3 MATERIALS SCIENCES: CHARACTERIZATION 

2.3.1 MATERIALS CHARACTERIZATION 

ODHBVIS 

Atonic Spectroscopy 

X-ray Pli 
metry 

Spectro-

Spectrometry 

Surface Microtechniques 

Electron Microscopy 

Blectronics 

The characterization of a new material is an essential aspect of 
its development. Such characterization requires to be carried 
out at different staqes of the development and it is of para
mount importance that the various modes of characterization 
should be employed in a loqical order. Generally speaking these 
modes can be classified as (i) bulk chemical characterization 
(ii) micro volume chemical characterization (iii) micro surface 
chemical characterization and (iv) micro volume structural char
acterization. In the development of an advanced modern material 
every one of these modes is indispensable and the availability 
of such techniques in any materials programme thus essential. 
The Materials Characterization Division has the task, therefore, 
not only of ensuring that such facilities are available but also 
of organizing a research programme which will be instrumental in 
generating expertise and knowledge at the highest level. To 
succeed in this aim it is necessary to maintain an appropriate 
balance between basic studies and applied or service application 
of instrumentation. It is believed that the present report will 
reflect such a balance. 

Atomic Spectroscopy 

Ob-iectWe 

To exolain the cause of the 
slowly decaying emission 
signal in the afterqlow of a 
pulsed low pressure gas dis
charge. 

Summary 

The slowly decaying emission 
siqnal during the afterglow 
is the result of collisions 
between sputtered metal 
atoms and energetic elec
trons that are created by 
collisions of pairs of meta
stable argon atoms in the 
afterqlow. Recombination of 
argon ions and low energy 
electrons constitute the 
main mechanism which gives 
rise to the presence of 
metastable argon atoms. 

The atomic fluorimeter. Metastable atoms in the afterglow of a 
pulsed low pressure gas discharge. 

The role of metastable atoms was investigated to explain the ex
istence of an emission signal in the afterglow of the pulsed 
discharge of the atomic fluorimeter. During a 4 ms electrical 
discharge period in low pressure (260 Pa) argon, a plasma is 
created, which consists of ground state argon atoms, metastable 
argon atoms, arqon ions, free electrons and sputtered metal 
atoms from a hollow cathode. The argon and metal atoms are ex
cited by electron collisions and return to their normal state 
either throuqh radiation or collisions with other plasma par
ticles. Time-resolved emission and absorption values (Fig. 24) 
of various spectral lines in the afterglow (after the 4 ms elec
trical pulse has been terminated) show that there is an initial 
increase in the metastable argon atom number density, as well as 
in the emission of the metal spectral lines, during the first 
200 microseconds of the afterglow before it decays exponential
ly, if pure arqon is used. This initial increase disappears 
when a small amount of a quencher gas (methane in this case) is 
added. 

Durinq the afterqlow the electrons lose their high kinetic ener
gy in various collisions with the plasma particles. With pure 
arqon, the low enerqy electrons recombine with the arqon ions to 
create metastable arqon atoms, at a rate much greater than the 
diffusion rate of the latter. Collisions between pairs of meta-
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Figure 24 

Tine-resolved «mission and 
absorption values of various 
spectral lines in the after
glow of a pulsed low pres
sure gas discharge. 

(a) The sputtered metal 
group, 

(b) the argon recombination 
group, 

(c) the argon metastable, 
and 

(d) the argon resonance 
group, with 
emission and 
absorbance with pure 
argon, and # # emis
sion and 1 1 absor
bance with quencher gas 
added. 

(b) 

700 0 
TME IN AFTERGLOW, p.» 

350 700 

stable argon atoms lead to the ionizaion of one of the two (re
leasing a high energy electron) while the other one returns to 
the ground state. This secondary high energy electron can ex
cite the sputtered metal atoms to Cfive rise to an initial emis
sion increase as well as a slowly decaying emission tail in the 
afterglow. If a quencher gas is added, the recombination rate 
is slower than the diffusion rate of the metastable atoms, so 
that an immediate exponential decay of all thr .lasma processes 
in the afterglow results. A probable change in the electron 
energy distribution function in the afterglow may also have an 
effect on the observed emission. 

Development of analytical techniques 

Objective 

To develop a low pressure 
discharge source with in
creased radiant output for 
use in emission spectro
metry, 

to develop a technique for 
the determination of soluble 
and insoluble boron in 
steel, 

(a) A glow discharqe source with supplementary excitation by 
a microwave discharge 

A glow discharge source with increased radiant output 
will increase the scope of application of emission spectrometry 
with low pressure discharge sources, particularly in the fields 
of analysis of non-conducting material ar.d of depth profilinq of 
metals. In addition, such a source will be an improvement on 
the one at present being used with the atomic fluorimeter. 
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to invest iqate problems con
nected with the analysis of 
mine bullion and coin gold 
alloys by means of a spec-
trometric method employing a 
Grimm-type discharge source, 
to determine and character
ize the aspects of sample 
introduction into an induc
tively coupled plasma (ICP) 
which affect the analytical 
signal. 

to manufacture and supply 
improved qraphite tubes to 
overseas and local labora
tories, and 

to develop and apply elec
trothermal atomic absorption 
techniques. 

Piqwe 25 

Diagram of microwave-boosted 
glow discharge source. 

The existinq lamp, which incorporated a tunqsten pin antenna to 
which microwave power was applied, has been improved: Firstly 
by axial positioning of the antenna in the 'amp to facilitate 
cleaninq of the sputterinq area, and secondly by changing the 
viewing direction so that it deviates from the axial line by 
30 ° to eliminate the obstruction in the line of vision which 
would have been caused by the antenna. 

A double stub microwave timer was used between the microwave 
source and the antenna for impedance matching (Fig. 25). A con
ventional glow discharqe (~100 mA, 1 000 V) was established be
tween the anode body and the sample cathode. When microwave 
power of ~60 W was applied to the antenna, the burning voltage 
of the glow discharge dropped to approximately 600 V, while the 
intensity of spectral lines of the cathode material increased. 
Working curves for Mn and Si in cast iron and Pb and Zn in cop
per alloys showed increases in the slopes of the working curves 
by factors varying between 3 and 20. The optimum value of the 
applied microwave power was found to be 60 - 80 W, at which 
value smtll variations in power do not affect intensity of radi
ation. 

TO PUMP -

COAXIAL ANTENNA 

ANODE BLOCK 
(COPPER) 

WATERCOOLED CATHODE 
BLOCK (BRASS) 

Summary 

A high intensity spectro
scopic light source for e-
mission spectrometry has 
been developed. The sputter
ing phenomenon common to 
qlow discharges is responsi
ble for samplinq and atomiz
ing cathode material, while 
a microwave discharqe ex
cites the atoms to emit 
atomic spectral lines. 

A reliable emission 
spectrometric method was 
developed for the 
determination of the soluble 
and insoluble boron 

Although this microwave-boosted qlow discharge source has not 
been tested as analytical source, indications are that it could 
fulfii a need that exists with the use of the present conventio
nal type of source. 

(b) The determination of soluble and insoluble boron in steel 
by emission spectrometry 

A study of the literature indicated that by appropriate 
chemical treatment of steel samples a separation of the boron in 
solid austenitic solution from that in the form of precipitates 
may be achieved. Electrolytic dissolution of the metal in di
luted HC1 results in only the soluble boron being dissolved and 
analysis of this solution gives the soluble boron fraction of 
the sample. The insoluble fraction was determined by leaching 
the samples for 48 hours in an iodine-methanol mixture: The 
soluble boron was taken \p while analysis of the residue yielded 

72 



fractions of steel samples, 
using an inductively coupled 
plasma as emission source 
and a computer-controlled 
scanning nonochromator. 
The precision and accuracy 
of 3,01% which was required 
of the analysis of gold al
loys, could not be obtained 
by means of the industrial 
application technique. Re
investigation of the spec-
trometric method confirmed 
several shortcomings. 
Signal magnitude obtained 
with the inductively coupled 
plasma technique is deter
mined by the quantity of 
nebulized material with a 
diameter <10 pm. 
Signal noise increases with 
a wide particle size distri
bution of the <10 vm size 
fraction, with poor repro
ducibility of the production 
of particles of the fraction 
>10 urn as well as with the 
mean diameter of the latter 
fraction. 
Table 2 

Boron values in ug/q 
(±2 Mg/g) 

the insoluble boron content. In addition, the total boron con
tent was obtained by dissolving the samples in a sulphuric-
phosphoric acid mixture. 

An inductively coupled argon plasma source, operated at 2 kW 
served as light source for the emission spectrometric measure
ments. A computer-controlled scanning monochromator was used 
for isolating and measuring the intensity of the 249,68 ran boron 
line. The resolution of this instrument (0,008 5 nm) was suffi
cient for isolating this line from neighbouring iron spectral 
lines on both sides (at 249,65 and 249,70 nm). The more sensi
tive 249,77 nm boron line cannot be used due to direct line 
overlap by the 249,78 iron line. The detection limit obtained 
in pure aqueous medium was 3 ng/ml. Due to the presence of a 
relatively strong continuum caused by the IX Fe concentration of 
the samples, the detection limit in this medium was approximate
ly 10 ng/ml. 

Table 2 gives boron cencentration values in these samples. The 
accuracy of determination is estimated to by ±2 pg/g of sample. 
From these results it is clear that the three independent me
thods yield a consistent set of results. This work was carried 
out in collaboration with the Metals Division. 

Method 

Total B (diss, in KjSO, + H 3P0,) 
Soluble B (electrolytic diss, in HC1) 
Insoluble B (Iodine-methanol residue) 

Sample No. 
Bor 3 3or 4 Bor 16 

23,1 
19,0 
6,0 

28,4 
26,7 
2,0 

33,4 
35,0 
0 

More improved graphite tubes 
have been manufactured and 
sold locally and to a labo
ratory in Australia. Detail
ed reports from the latter 
kept this Division in touch 
with the graphite furnace 
work being undertaken there. 

Analyses of dental material 
were carried out at the re
quest of the Dental Research 
Institute of the MRC. 

In collaboration with the 
National Food Research In
stitute a study has been 
initiated to find the best 
methods for determining 
total and ionic concentra
tions of trace elements in 
oil. 

(c) Gold analyses 

A study of the analysis of gold alloys by the Grimm-type 
discharge source was undertaken during the years 1971-1975 for 
the Rand Refinery. A spectrometric method for refined gold 
(99,5% gold) was developed and successfuly employed at that 
stage. The analysis of mine bullion (80 - 95% gold) and coin 
gold (91,6)1 gold), on the other hand did not fulfil the unrea
listic expectation regardinq precision and accuracy. 

This Division is under obligation to advise the Rand Refinery on 
the analysis of gold and undertook to reinvestigate the spectro
metric method using a Grimm-type discharge source. 

The preliminary investigation confirmed that alternative analy
tical lines, gas flow stabilization and data manipulation proce
dures could Improve the quality of the method. However, the 
strict limits required of the spectrometric procedure reduced 
the applicability of this technique to gold analysis. This 

73 



finding was due to Insensltlvlty of analytical Hies over a wide 
concentration range, variation 1n sample composition with eon-
current changes In sputtering rate and Instabilities 1n the per
formance of the Grimm-type lamp and spectrometry Instrumenta
tion. 

(d) Characterization of droplet spray from conventional ICP 
nebulizers and chambers 

Characterization of the droplet spray from conventional 
1CP nebulizers Involves looking at the f i rs t of the series of 
events taking place before emission of spectral radiation from 
the hot plasma. An examination of the transport processes, de
r ivat ion mechanism and atomlzatlon Is s t i l l pending. The pur
pose of Investigating these phenomena 1s to obtain a better un
derstanding of the processes occurring before the excitation of 
elements. This Information w111 then be used to Improve the 
analytical capability of the ICP technique as well as to supply 
guidelines regarding the best method of Introducing solid sam
ples Into the plasma. Solid sample Introduction promises a re
duction 1n sample preparation time as well as Improved detection 
powers (dissolution results In 50 to 100-fold dilution of sam
ples). 

A comparison was made of the droplet-size distributions produced 
by various nebulizers when using a laser M1e scattering tech
nique. The effect of various nebulizer chambers on this d ist r i 
bution was also sudled. 

The aerosol production and the corresponding analytical perfor
mance of the concentric glass, fixed cross-flow, ultrasonic and 
Bablngton nebulizers were studied. A direct relationship was 
found between the narrowness of the droplet-size distribution 
and the s1gna1-to-no1se ratio. The argument that Instability Is 
due to the thin vibrating orifices seems to be refuted by these 
observations. The forward scattering spectrometer probe (FSSP) 
used made It possible to determine the relative number of aero
sol particles and volume of liquid passing through to the plas
ma. The signal-to-background ratio was found to be directly re
lated to the number of aerosol particles between 0,5 and 8 um. 

Based on this work a conclusion can be drawn regarding which 
pneumatic nebulizer-chamber combination to use for high sensi
t iv i ty and reproducible results, as well as regarding the best 
compromise between the two. 

(e) Improved graphite tubes 

Rods of the graphite found to be most suitable to replace 
at lower cost the tubes on the market (Ultra Carbon UF-4S, ash 
content <5 ppm, density 1,72) were machined to make tubes with a 
recess In the Inner surface having a 20 ul capacity. This pre
vents sample spreading which results In improved precision. 



9 
After beinq qiven a pyrolytic coating, the tubes were used in 
this Division and a further 50 were sold to a laboratory in Aus
tralia. Various reports .have been received expressing satisfac
tion and qivinq details of the work for which the tubes were 
used. As a result of recommendations by the National Centre for 
Occupat'onal Health who are conductinq a quality control scheme 
for the determination of lead in blood, a total of 100 tungsten 
carbide-coated tubes have been manufactured and sold to labora
tories in this country. 

(f) Electrothermal atomic absorption spectrometry 

The Dental Research Institute at the University of the Wit-
watersrand has a project concerning the preparation of cavities 
in teeth which is associated with the formation of a smear layer 
on cavity walls and floors. This layer seems to form a 
biological seal which retards the passage of toxic dental mate
rial and thus limits inflammatory response. This Division was 
requested to analyse sections of monkey teeth underlying cavi
ties prepared with and without smear layer removal, for Zn, Sn 
and Ag to determine the possible effects on dentine permeabili
ty. Determinations were carried out using electrothermal atomic 
absorption as concentrations were too low for the flame tech
nique. Zn contamination of blanks due to the SX HNO3 solvent 
was such as to preclude determination of this element and Sn 
could be determined only after subboilinq point redistillation 
of superpure HN0 3. The general pattern of the Ag and Sn values 
confirmed the proposed theory. 

In collaboration with the National Food Research Institute a 
study has been initiated to find the best methods for determin
ing trace metals in cooking oils by means of electrothermal 
atomic absorption spectrometry, as this Institute is undertaking 
research in connection with the deterioration of oil quality 
after use at 160°C. Total trace element as well as ion concen
trations are required. The latter originates mainly from con
tamination of the oil by storage tanks and friers as well as 
from a measure of extraction from foods durinq frying. Two 
analytical techniques are beinq developed to accomplish this. 

X-ray Fluorescence Spectrometry 

Obiective Varying geometry In X-ray fluorescence spectrometry 

The method of varyinq qeometry in X-ray fluorescence spectro
metry was successfully applied to the determination of centroid 
depths of diffusion and ion-implanted profiles1. This method 
was further investigated for the determination of mass thick
nesses of deposited surface layers which can be considered as 
square profiles. 

To apply the methon of vary
ing geometry in X-ray fluo
rescence spectrometry to 
thin layers. 



J 
Technique* «ere developed 
for the determination of 
M M thidowMM of thin 
layers. 

To determine mass thicknesses of thin layers. X-ray fluorescence 
intensities are measured for two different take-off angles, and 
the Intensity ratio thus obtained Is used for calculatlnq the 
mass thickness. An alternative approach, which should yield the 
same results* Is to 'use the fluorescence Intensities from the 
substrate. Both the approaches rely only on the accuracy of 
published X-ray mass absorption data and no standards ere re
quired. 

Table 3 
Zinc sulphide lever thick-

in pg/csr by XRF 
for ZnS| ,2 and 

ZnS. (Hots ZnS values qivsn 
in brackets.) 

The method was successfully applied to the determination of mass 
thicknesses of zinc sulphide (ZnS) layers on silica substrates 
by using ZnLa and SKa radiation from the surface layer and SIKo 
radiation from the substrate2. An interesting aspect which ori
ginated from this work was the possibility of establishing the 
stolchlometry of a thin layer by comparing the results obtained 
when using the three sources. Typical results for 2nSj ,* and 
ZnS demonstrating this possibility are shown In Table 3. 

Sample 1 
Sample 2 

Zn L« 

170(173) *3 
87(89) tl2 

S Ka 

171(162) *7 
87(83) *6 

Si Ka 

169(161) *6 
90(85) t3 

By weighing 

196 *5 
93 *5 

Mass Soectrosvtry 

0 M active 
To develoo a method whereby 
quantitative analyses can be 
made with a reduced 
dency upon standards. 

Summary 
Progrssa is being made to
wards the quantitative anal
ysis of metals without stan
dards. Highest precision is 
obtained by using as many 
charge states a* possible. 
A library of relative sensi
tivity correction terms for 
iron sample» has pssn pre
pared. 

The Mass Spectrometry Section provides an analytical service for 
the characterization of the hulk composition of metals and inor
ganic materials. Research was carried out to improve existing 
analytical techniques, and to develop n«*w analytical methods. 

(a) Low voltage discharge source mass spectrometer 

Ont of the Important goals for a section that provides routine 
analysis of many types of samples Is the development of an ana
lytical method that eliminates the need to calibrate the Instru
ment. Calibration is normally required because the apparent 
concentration differs from the real concentration. This differ
ence is due to chanqes in instrumental sensitivity and to matrix 
effects, i.e. those effects that the composition of the sample 
has on the sensitivity of its components. In m m spectroqraphy 
quantitative analyses are normally carried out by simultaneously 
analysing a standard material and the sample. The matrix cor
rection terms are determined without loss of accuracy due to 
either a change 1n Instrumental transmission or in photoplate 
sensitivity. 

The requirements for accuracy in routine analyses are such that 
the highest accuracy (of the order of a few percent) 1s not nor
mally required and It has been found that by performing analyses 
with identical Ionization conditions and by maintaining the pro-
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per focus of the instrument, analyses of sample and reference 
standard can be carried out several months apart. Accuracies as 
high as 10% were obtained (see Table 4 ) . 

Tifcle 4 

Element Charge state * I 
3+ 2 + 1+ l 

Ti 1,05 _ _ 
V 1,03 - -
Cr 1,00 1,00 1.00 
Mn 0,79 -
Fe 0,84 1,1 -
Co 1,02 1,24 1,07 (±0,3) 
Ni 1,32 - -
Cu - - 0,52 
Nb - 3,2 -
Mo 0,80 (±0,14) - -
U 1,66 (±0,44) - -
B - - 0,38 
Al 0,9 (±0,2) - -
C - - 0,31 
Si 1,5 - -
Sn - 0,92 (±0,12) -

The effect of the matrix on the acv-jracy of the analysis can be 
overcome by building up a library of elemental sensitivity cor
rection terms, one for each type of matrix. Such a library has 
been assembled for the iron matrix. 3ix iron standards supplied 
by the Bureau of Analysed Standards Ltd were analysed and sensi
tivity correction terms were determined (Table 4). The stan
dards are SS12, SS13, SS14, SS15, SS16 and SS17 mild steels. 

In an arc discharge plasma each element has ions in several 
charge states and the composition of the sample may be determin
ed from any one of these. The highest precision for each ele
mental analysis is usually associated with a particular charge 
state, and consequently for the analysis of many elements in the 
sample, the highest precision is obtained by examining the com
position of all charge states. For the automated microdensito-
meter employed in these analyses (see previous two Annual Re
ports) three charge states were evaluated. The composition of 
the three charge states are not the same and this is reflected 
in the differences in sensitivity factors. 

Libraries of sensitivity factors are being prepared from series 
of Ni/Cr/W/Mo/Nb, Ni/Cr/Fe, Co/Cr, Ni/Co/Mo/Cr and Ni/Cr/Mo/Nb/ 
Al alloys. From th»»se it is proposed to reduce the dependency 
of analytical accuracy or matrix composition. 

Elemental sensitivity cor
rection factors for an iron 
matrix. (Sensitivity factor 
precision values not within 
10% are qiven in brackets.) 
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(b) Field ionization «ass spectrometer 

A f i e l d ionizat ion mass spectrometer for the characterization of 
organic materials is beinq developed. A modified electron im
pact source for this instrument has been prepared and when at
tached th is w i l l assure the accurate alignment of the ion op t i 
cal conf igurat ion. 

Surface Microtechniques 

Objective 

To investiqate physical and 
chemical phenomena at inter
faces of solids by determin
ing chanqes of composition 
in the solid surface or at 
qrain boundaries, 
to improve the instrumenta
tion and to develop better 
techniques for preparing the 
samples, performinq the mea
surements and interpreting 
the results. 

Scanning ion nicroprobe aass analyser (S-IMMA) 

The main activities consisted of the analysis of three sets of 
industrial-type samples, viz. mild steel used in hydraulic sys
tems (corrosive staining), mild steel wells (corrosive dissolu
tion in aqueous environment) and photocathodes (low yield re
sulting from contamination). Some invesigations were also car
ried out o-t the influence of residual gas on secondary ion mass 
spectra. 

The vacuum system was modified to reduce oil backstreaming from 
the turbo-pump station, and a significant reduction in hydro
carbon presence was achieved. 

Summary 
The SM* was put into opera
tion. Instrumental improve
ments were made to the 
S-I^t1A. Several sets of in
dustrial-type samples were 
analysed. Research was con
ducted on the effect of oxy
gen partial pressure on 
S-IMMA spectra, the oxida
tion of tin, the influence 
of plasmons on Auqer signals 
and the use of X-ray fl'jo-
rescence spectrometry (XRFS) 
for the standardization of 
thin-film reference mate
rials. 

Work on automating the mass identification in secondary ion mass 
spectra is in progress. At present the stage has been reached 
where the squarer module of the secondary magnetic field monitor 
is being digitized. 

The semi-empirical universal table of standardized sputtering 
yields mentioned in the previous annual report has been 
completed for publication. 

Effect of oxygen partial pressure on S-IMMA spectra 

The influence of oxygen partial pressure on secondary ion mass 
signals from stainless steel subjected to 20 keV Ar + borbardment 
wa1" investigated to establish the conditions under which this 
prejsure in the sample environment is non-critical for these 
signals. The ions monitored were 5 6 F e + , 7 2 ( F e O ) + , 1 2 8 ( F e 2 0 ) + , 
1 1 2 (Fe?) + and ^ ( F e ^ ) * . The relationship between the siqnal 
strengths of these ions and the partial pressure of oxygen for 
an Ar + current density of 10 1 6 cm"2 s"1 is shown in Fig. 26. 
From the figure it can be deduced that for this current density, 
and oxyqen partial pressure of 1 mPa is still inadequate to 
achieve siqnal stability (by surface saturation with oxygen) of 
any of the ions monitored. However, in the vicinity of 0,1 mPa 
there is a region of quasi-stability for F e 2

+ and Fe 20 2 •. The 
close similarity between the signal graphs for these two ions 
points to the same origin (Fe 20 3). Each of the other three ions 
monitored would seem to have more than one origin (Fe 20 3, FeO, 
Fe 20, Fe). These investigations will be continued. 
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Relationship between signal 
strengths of iron and iron 
oxide ions and oxygen par
tial pressure for an Ar+ 
current density of 10 
cm - 2 s"1 incident on a steel 
sample. 
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PARTIAL PRESSURE OF OXYGEN [fflmb] 

Scanning Auger nicroprobe 

A Perkin-Elmer PHI 595 SAM was ins ta l led , tested and put into 
operation. Two s ta f f members received training in operation and 
application. Investigations of a service nature were undertaken 
on the sulphur poisoning of s i lver catalyst , the promctor dis
t r ibu t ion on Fischer-Tropsch-type catalyst and the fracture sur
face composition of type 301 s tee l . 

(a) Oxidation studies 

The determination of the oxygen distribution on a non
uniform metal surface during the various stages of oxidation is 
of great importance in corrosion studies, and SAM analysis is a 
powerful technique for determining such distributions. 

Oxidation occurs in steps and a different SAM technique is used 
for each stage. The initial adsorption and nucleation steps are 
usually studied by elemental mapping while the subsequent thick 
layer formation is studied by depth profiling. 

Although oxygen mapping can be used to determine the oxygen dis
tribution on surfaces, important additional information can be 
obtained by observing the distribution of plasmons (plasma os
cillations in the metal) during the initial stages of oxida
tion. The plasmons give rise to energy-loss peaks in the vicin
ity of the elastic peak which can be used to make "plasmon maps" 
of the metal surface. 

Figure 27(a) shows dn elastic peak (E) at 436 eV and its asso
ciated bulk plasmon (Pg) and surface plasmon (P$) peaks ob
tained on bombarding a pure tin surface with electrons in the 
SAM. Figures 27(b) and 27(c) show the plasmon peaks after ex
posure to 100 L* and 1 000 L of oxygen at 20 °C. Figure 27(d) 

*L -; Langmuir Í exposure of surface to a pressure 
ty of 0,132 mPa s (lO"1' Torr for 1 second.) 

time quanti
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Fiqure 27 

Intensities of bulk (Pfc) 
and surface (Ps) plasmons 
for tin observed in the SAN 
for different oxidation 
states of the surface: 

(a) no oxidation 
(b) 100 L at 20 °C 
(c) 1 000 L at 20 °C and 
(d) air for 1 h at 20 °C. 

shows the plasmon peaks after exposure to air for one hour at 
20 °C. It will be observed that the bulk plasmon peaks (PB) 
simply vanish as oxidation proceeds but that the surface plasmon 
peaks (P$) shift to hiqher energy values. The energy loss of 
the plasmon peak in Figure 27(d) was used to calculate a value 
of ca 4 for the dielectric constant (e) of the oxide layer. 
This agrees well with the dielectric constant of cassiterite 
(Sn0 2) calculated from the refractive index (n) of cassiterite 
(n = 2,045 = tl/2). 

384 400 416 432 
KINETIC ENERGY. eV 

It should be mentioned that much smaller beam currents (ca 5 nA) 
are used for obtaining the plasmon peaks than the currents (ca 
100 nA minimum) used for obtaining elemental oxygen maps. The 
spatial resolution of plasmon maps is therefore greater than 
that of elemental maps. This is important when studying grain 
boundary oxidation. 

(b) Development of standard reference materials 

The development of standard reference materials for sur
face microtechniques is a lonq-term project which had its begin
ning in the development of the so-called ion implanted standard 
In this laboratory. Over the last three years techniques have 
been developed whereby X-ray fluorescence spectrometry (XRFS) in 
combination with ion implanted (primary) standards can be used 
for the calibration of secondary standards suitable for surface 
microtechniques. During the past year the development of a 
technique for the standardiess determination of thickness and 
composition of submicron thin films by using XRFS has constitut
ed a firther advance. 

Electron Microscopy 

Obif?ctive 

To extend the simulation of 
Electron microscopy is one of the most powerful methods availa
ble for the study of materials and for direct a| -lication in the 
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the electric field condi
tions which exist within the 
electron microscope to in
clude a cryogenic anti-
contamination device, 

to construct an electron 
energy loss spectrometer, 

to accomplish further im
provements in detector per
formance by means of theore
tical understanding of the 
electron detection process, 

to initiate both experimen
tal and theoretical work in 
the field of convergent beam 
electron diffraction, 

to accomplish further im
provements in detector per
formance by means of theore
tical understanding of the 
electron detection process, 
and 

to study surface plasticity 
effects in metals and metal 
alloys single crystals de
formed in uniaxial tension 
into the plastic range. 

Summary 

Extension of the simulation 
of electric field conditions 
existing within the electron 
microscope to include a 
cryogenic anti-jontamination 
device has been instrumental 
in obtaining results regard
ing the surface concentra
tion of adsorbed molecules. 

Construction of the electron 
energy loss spectrometer for 
the 200 kV electron micro
scope has largely been com
pleted . 

Experimental and theoretical 
work was undertaken to ex
tract crystallographic in
formation with a bearing on 
stacking faults by means of 
convergent beam electron 
diffraction. Molybdenum 
sulphide was examined and 
observations regarding pat
tern symmetry were record
ed. Theoretical work in
volved consideration of the 
problem in terms of the 
scattering of Bloch waves. 

solution of industrial problems. This is particularly true when 
the high optical resolution of the electron microscope is com
bined with its analytical capabilities, for example with elec
tron microprobe analysis, backscattered electron analysis, pri
mary electron energy loss spectrometry and convergent beam elec
tron diffraction. Thus, to mention two examples, the Electron 
Microscopy Section is involved in a detailed study of backscat
tered electron detectors and their application in scanning elec
tron microscopy as well as in the technique of convergent beam 
electron diffraction in the study of stacking faults in layered 
materials. The expertise developed within the section by such 
studies forms the basis of a high level materials characteriza
tion facility in electron microscopy which is available for 
handling problems originating from other research groups and 
industrial organizations. 

Advanced techniques in electron Microscopy 

(a) Electron interact ion effects 

The presence of adsorbed layers of hydrocarbon molecules 
on electron microscope specimens ciu be a serious problem in 
electron microscopy, since the mo ecules are dissociated by 
-•lectron bombardment and deposited on the specimen in the form 
of long chain carbon compounds. Such deposits can have very de-
letericur effects on electron optical images and on analytical 
results obtained by the application of small electron probes. 
Studies reported in the past have centred on establishing which 
parameters controlled the rate of contamination. It was shown 
conclusively that the history of the sample (i.e. its exposure 
to hydrocarbon environments before electron irradiation) was of 
paramount importance. Another parameter which can affect the 
rate of contamination and which had not previously been consi
dered is the high electric field generated by the electron beam 
when it impinges on insulating layers. The electric field con
ditions which exist within the electron microscope have been 
simulated within a vacuum system and the effect of such fields 
on the rate of contamination has been demonstrated as indicated 
in the last report. In the past year this simulation has been 
extended to include the cryogenic anti-contamination device 
which is a standard attachment to modern electron microscopes. 

The results obtained thus far have supported the contention that 
high electric fields with high gradients in a surface can modify 
the surface concentration of adsorbed molecules. 

(b) Electron energy loss spectrometry 

The major part of the construction work on the electron 
energy loss spectrometer for the 200 kV electron microscope has 
been completed. The winding of the magnetic coil for the enerqy 
analyser had to be done manually. This task has been completed 
and preliminary tests of the magnetic field strengths were sa
tisfactory. 
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The theoretical understand
ing of the process of elec
tron detection, using a 
phosphor scintillator and 
photomultiplier tube, allow-
e1 further improvements in 
the performance of the de
tectors to be made. 

Preparations were made for 
continuation of the study of 
the "soft surface" effect in 
deformed crystals of copper 
alloys using a copper-cobalt 
alloy. 

(c) Convergent beam electron diffraction 

Convergent beam electron diffraction (CBD) is a recently 
developed method in electron microscopy for extracting crystal-
loqraphic information from highly localized regions in materi
als. Initial studies in this area within the section will be 
directed towards the study of stacking faults parallel to the 
surface of layer compounds. It is anticipated that stacking 
fault information such as the number of faults and the nature of 
the fault displacement vector R may be extracted by the applica
tion of CBO methods. 

During the past year a start has been made in both experimental 
and theoretical work in this field. The experimental work has 
involved examination of stacking faults in molybdenum sulphide 
and amonqst others it was observed that the usual hexagonal pat
tern symmetry of the unfaulted material becomes trigonal across 
dislocations due to the prescence of stacking faults. 

In theoretical work the problem has been considered in terms of 
the scattering of Bloch waves and it was shown that the intensi
ty contrast variation is crucially dependent on orientation. A 
computer program has been developed for calculation of the ap
propriate intensities as a function of orientation. 

Special techniques for scanning electron microscopy 

(a) Secondary electron and scanning transmission electron 
detectors 

The study of the process of electron detection using an 
efficient scintillator and a photomultiplier tube has led over 
the last four years to a considerable improvement in the perfor
mance of the NPRL scanning electron microscope. The publication 
of the theory describing the behaviour of the complete detector, 
correlating the signal output with the detective quantum effi
ciency (DQE) of the device, has led to responses from overseas 
laboratories. Of particular interest was a sample of P-46 
single crystal scintillator from Czechoslovakia, which has been 
evaluated in comparison with the P-47 phosphor powder scintil
lators produced at NPRL. The single crystal scintillator has 
the inherent advantage of physical uniformity and in use the 
variation in signal output caused by the non-uniformity of a 
powder layer scintillator (phosphor noise) is absent, and this 
was confirmed by the measurements. On the other hand the P-46 
material proved to be of lower electron-to-photon conversion ef
ficiency and this important characteristic means that the com
plete detection system has an inferior performance in comparison 
with its behaviour when equipped with the NPRL scintillator. 
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(b) Backscattered electron detector 

The ability to detect electrons backscattered from a 
sample in a scanning electron microscope is important in many 
industrial investigations because this signal carries informa
tion about variations in sample composition which may lead to an 
understanding of the problem. The use of P-47 phosphor powder 
scintillators to form a detection system for backscattered elec
trons was described in this report last year, and it was also 
reported that the theoretical understanding of the detection 
process (developed for the detection of secondary electrons) in
dicated that an improvement in performance would be obtained if 
the transmission efficiency of the light pipe were to be in
creased. A redesigned light pipe has accordingly been manufac
tured in the NPRL workshops with particular attention to the 
polishing of the methyl-methacrylate material. Under test this 
device showed a six-fold improvement in photon transfer effi
ciency and this has produced a major improvement in the OQE of 
the complete detector (0,46) by comparison with the prototype 
design (0,16 for 10 keV electrons). This means that the signal 
noise in the backscattered electron mode of imaging is determin
ed principally by the natural fluctuations in the signal and 
that little noise is added in the process of detecting and am
plifying the signal. 

Dislocations in netal single crystals 

The surface plasticity effect in copper-cobalt alloys 

The development of the "soft-surface" effect in workhardened 
single-crystals of metals was demonstrated initially with pure 
copper (Fourie 1968). Later work with copper-silica and copper-
aluminium showed that the behaviour of these alloys was consis
tent with the dislocation model used to explain the phenomenon. 
The present study involves using a Cu-2*Co alloy which has un
usual plasticity properties in Stage I of the stress-strain 
curve. Difficulties were experienced in growing single crystals 
of this alloy in the correct orientation by a modified Bridgman 
technique. These difficulties were traced to dendritic growth 
on the preferred <100> orientation during solidification, and 
nucleation of sub-crystals on small gas-bubbles trapped in the 
melt just above the solidification boundary. The crystal grow
ing technique had to be modified so that an acceptable propor
tion of qood crystals could be obtained. The heat treatment of 
these crystals to produce the over-aged precipitate structure 
which is required is in progress. 



Objective Electronics 

To construct two coraputer-
controlled microphotometers, 

to modify the "universal 
spectrometer" to obtain an 
instrument capable of oper-
atinq in both the ultravio
let and vacuum ultraviolet 
spectral reqions. 

Sunmary 

Two computer-controlled mi
crophotometers have been 
constructed and are ready 
for installation at the la
boratories for which they 
are destined. 

The "universal spectrometer" 
oriqinally designed to oper
ate in the 180 - 500 nm 
spectral region, was modi
fied in order to extend its 
range to cover the 120 -
500 rm region. 

Apart from routine maintenance tasks, the Electronics Section of 
the Materials Characterization Division was involved in two 
major projects. These were development of computer-controlled 
microphotometers and modifications to the existing "universal 
spectrometer" (see previous Annual Report). 

(a) Computer-controlled microphotometer 

The Division was approached by MINTEK and also by the 
Nuclear Development Corporation for assistance with the con
struction of photometers similar to the one developed and used 
by this Division. 

The electronic control circuit and the software were developed 
in the Division, while major mechanical alterations were made in 
the NPRL workshop. Construction has been completed and the in
struments are ready to be installed. 

(b) Vacuum ultraviolet spectrometer 

This spectrometer, initially called the "universal spec
trometer", was originally designed and built in the NPRL to ope
rate in the 180 - 500 nm spectral reqion. After completion it 
was realized that, since the instrument was capable of being 
evacuated, its usefulness would be enhanced if it were to be mo
dified to include the vacuum ultraviolet range and to eliminate 
overlapping of spectra from the two different gratings. As the 
Electronics Section had assisted in the construction of the ori
ginal instrument, this Section also undertook the bulk of the 
required modifications. One of the two gratings as well as the 
beam splitter were rotated, slit positions were changed and the 
fibre optics were replace! by mirrors in some of the trolleys. 

Results obtained in the 160 - 200 nm vacuum ultraviolet range 
are very good. Below 160 nm the combined response of the grat
ing and the photomultiplier declines rapidly. Elements such as 
P, S, As, Sn, Ni and C in a 1% Fe solution were determined and 
virtually no background interference from Fe was detected. A 
test with a 1% Ca solution indicated a very low stray light 
level in the instrument. 

From thsse and other results it can be concluded that the spec
trometer is about to become a very useful analytical and re
search instrument. 
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2.3 MATERIALS SCIENCES: DEVELOPMENT AND UTILIZATION 

OOHBffS 

Behaviour at Various 

Developaent of Tteohnologi-

cally Important Materials 

and Development of 
New Ceramics aid Glasses 

2.3.2 CERAMICS, GLASS AND PHASE STUDIES 

The Division studies the behaviour of a wide variety of crystal
line and non-crystalline materials under high pressure and hiqh 
temperature. The main aim of the group is materials development 
of crystalline and non-crystalline materials by means of mani
pulating the structure-property relationships using pressure, 
temperature and other processing techniques as well as composi
tional changes. Background research is aimed at understanding 
the phase behaviour of materials, and how this affects their 
properties. Special attention is paid to crystal chemical re
lationships of groups of related compounds and ceramic and glass 
materials with interesting technological properties. 

Applied research is carried out in an attempt to support local 
industry in various aspects of pressure temperature processing 
technology. This includes ultra-high pressure technology but 
perhaps more importantly it concentrates on the role of pressure 
and temperature in the fabrication of sophisticated materials 
using the powder metallurgy route. Ceramic and glass processing 
technology constitutes a major part of the research programme. 

Obiective 
To conduct phase studies at 
atmospheric pressure and 
hiqh temperature, and at 
hiqh pressures and high tem
peratures, 
to determine crystal struc
tures of certain phases at 
various pressures and tem
peratures, 

Figure 28 

Murnaqhan Equation of State 

Phase Behaviour at Various Pressures and Temperatures 

Studies have been made on a number of materials to determine the 
ultrasonic equation of state. Measurements of the velocities of 
ultrasound waves are made as functions of pressure and hence the 
compressibility is determined. Systematic results of progres
sively stiffer elastic moduli in the fluorite series CaF 2, SrF 2, 
BaF2 was observed with cation mass as shown in Fig. 28. A "soft 
mode" where the elastic constant decreases with pressure was 
found in BaF2 and is probably associated with the phase change 
at 2,7 GPa. Such studies have also been completed for the addi
tional fluorite material CdF2 and also for the sodium halides. 

v0 

P(GPo) 



to study crystal -chemical 
relationships for qroups of 
related compounds, and 
to study the physical pro
perties of certain phases. 

Summary 
The equation of state of AX 
and AX2 systems has been 
studied. Shear strengths of 
some metals and minerals 
have been determined. High 
pressure cells for the meas
urement of thermal conducti
vity and compressibility 
have been developed and 
tested. 

Measurements of the shear strength of materials have been made 
at pressures of up to 4 GPa and 400 °C by a technique based upon 
the extension of a specimen held between two Bridqman anvils. 
Results for pyrophyllite indicate an unusual feature in that the 
shear strength increases with temperature. This may be related 
to mechanisms involvinq crystal water in the complex material or 
it may be a real property of the mineral. Results of a more 
usual kind have been obtained for boron nitride, aluminium and 
sodium chloride. 

A method using a transient heat pulse has been developed for the 
measurement of thermal conductivity of solid media at high 
pressure. Compressibility studies on materials have been 
undertaken using a precision volumetric method. 

Development of Technologically Important Materials 

Objective 
To develop specialized 
powder ceramic technology, 
to synthesize new phases ami 
compounds with potentially 
useful properties, 

The composition-temperature phase diaqram of the Cd-Ge system 
was studied. The Cd-rich side was confirmed to be a simple 
eutectic, but a vapour phase was found to intervene before melt
ing above 60 at.% Ge. Specimen equilibration times were abnor
mally lonq. Fiqure 29 shows microstructures which confirm the 
degree of segregation. 

Fiqure 29 

Microstructure 
alloy 

of Cd-Ge 

to conduct phase studies of 
materials with potentially 
useful properties, 
to study alloy systems and 
eutectic behaviour at high 
pressures and hiqh tempera
tures , 
to study materials for 
transducer applications, and 
to grow single crystals of 
potentially important tech
nological materials. 

Detailed sintering studies have been carried out up to 1 650 °C 
on a-Al 20 3. Small particle size has been shown to promote 
densification and the effects of small amounts of MqO dopants 
have been studied. The effect of such dopants is complicated 
but certainly retarded grain qrowth is evident with resulting 
hiqh sintered densities. 

The solid state electrolyte Nasicon (Na[+X Zr 2 Si xP^- x0 l z 

with 0< x <3) continues to be studied. The ma.ior problem in the 
Sinterinq of Nasicon is a precipitation of Zr02 from the matrix, 
possibly due to an evaporation of Na z0 during firing. A series 



Summary 

Piezoelectric ceramics have 
been manufactured. Solid 
state electrolytes have been 
investigated. Naqnetic 
transducers and single crys
tals have been produced., A 
binary alloy system has been 
studied and its phase dia
gram completed. 

of experiments was conducted to create soda-rich atmospheres 
during isothermal sintering. Zr0 2 was still found to be present 
after firing. As an initial stage in forming a defect-type 
structure, atomic absorption experiments were conducted on seve
ral selected samples to determine quantitatively the amount of 
soda vaporized during firing. This amount of soda was added to 
the original mix and refired. Zr02 was still found to be pre
sent after sintering. This has led to a tentative conclusion 
that Nasicon must exist as a defect structure. Experiments must 
however, be completed to determine if the Zr0 2 present after 
sintering is a result of the inherent unreactivity of Zr0 2 or if 
Nasicon exists as a defect structure. 

Development of the PZT* family of ferroelectrics continues to be 
a major interest area. Optimization of processing conditions 
and chemical composition for the manufacture of PZT-8 ceramics 
from local raw materials has been carried out. PZT-8 ceramics 
of different dimensions have been produced to complete a series 
of ceramics in order to set up calibration curves, i.e. to moni
tor theoretical calculations versus true performance. Optimiza
tion of sintering conditions for all the imported PZT's (PZT-5A, 
5H and PZT-4) has been concluded. Transducers for various pur
poses have been desiqned and manufactured to specification. 

The hard barium ferrite (BaFei20ig) has important maqnetic pro
perties and an extensive ceramic study is well under way to 
manufacture magnetic transducers from this material. Several 
magnets have been pressed and sintered from commercial powder 
without the use of an orienting field. These showed good micro-
structural development and good values for the coercive field. 
The use of an orienting field has complicated the powder press
ing facility but high values for the remanensce have also been 
obtained. Initial preparation of local ferrite powders is pro
mising. 

A major enhancement of the Division's capability for ceramic 
processing has been the commissioning of a hot isostatic press 
and first results on Zr0 2 have been encouraging. 

Sintering studies of CaO-doped Zr0 2 have shown that the tetra
gonal phase can be usefully stabilized by 4% calcia to give a 
phase transformation touqhened material. 

Single crystals of some fluorites and halides in both pure and 
doped form have been successfully grown. 

Research aid Development of New Glasses with Special Physical 
and Chemical Properties 

Objective 

To study the influence of 
base glass composition on 

In the well-known Na20-B2O3-Si02 ternary system which produces 
porous glass ceramics, work has been done to replace Na20 by a l -

*PZT: Lead t i tanate zirconium t'tanat.e 
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the transmission charac
teristics of different 
oxides in qlass and the 
phase equilibria in various 
qlass systems, 

to study phase separation 
in the alkali borosilicate 
and alkali phosphate qlass 
systems and in the fluoro-
phloqopite system. 

Summary 

Replacement of SiCfc in the 
sodium borate qlasses by a 
variety of modifiers has 
qiven porous qlasses with 
qood thermal and alkali re
sistance. Machinable ceram
ics have been produced in 
which MqO has been replaced 
by CuO and other oxides 
thereby circumventing the US 
patent. 

kali oxides, alkaline earth oxides and ZnO or PbO (U S A), to 
replace B 20 3 by P 2 0 5 (Israel) and to replace SÍO2 by Ge02 and 
partially by AlPOi, ( U S A ) . The present work has used a radi
cally different approach in that i t concentrates on the total 
replacement of the network former SiCfe by various heat or alkali 
resistant modifiers. 

Melts of 225 new glass compositions were completed. Fifteen 
single oxides were incorporated in a sodium borate system 
(A1 2 0 3 , Ce0 2, Ge02, Ga 2 0 3 , Hf0 2 , La 2 0 3 , N b ^ , S e ^ , S i0 2 , 
Ta 2 0 5 , Th0 2 , T i 0 2 , Y ^ and ZrO^). The glasses were phase 
separated and leached. Surface areas and pore characteristic 
measurements are in progress. 

Two hundred and ten different binary oxides systems were incor
porated in a sodium borate system (combinations of two oxides as 
mentioned above). The glasses were phase separated and leach
ed. Void volume measurements are carried out and surface areas, 
pore characteristics and chemical resistance measurements were 
started. 

A series of binary systems of the oxides Ce0 2, La 2 0 3 , Nb 2 0 5 , 
Ti0 2 and Ta 20 5 in a sodium borate matrix were melted, phase se
parated and leached. The surface areas of the ceramic materials 
with interconnected pores and the chemical resistance were meas
ured. 

The porous glass programme has produced alkali and heat resis
tant materials superior to the silica-based material with com
parable pore and surface characteristics. 

Machinable glass ceramics have been developed by introducing 
Ge02. BP0„, CuO, Zr0 2 , CdO, ZnO, CaO, CoO and NiO as replacement 
for S i0 2 , MgO and F in the fluoro-phlogopite system patented in 
the USA. Machinability was achieved by partially replacing MgO 
with CuO, FeO, NiO, CoO, CdO, ZnO and by replacing Si0 2 with 
Ge02 and an AIPO4-BPO1, mixture. 
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2 . 3 . 3 ELECTROMETALLURGY 

CCMTSRS 

Electrode Developaent 

Cell Evaluation 

Crystallographic Data Col
lection 

For the past five .years the Electrometallurgy Division has been 
involved in the development of high energy density batteries. 
The aim of this investigation is to develop a cheap and reliable 
secondary battery for traction purposes. 

The Division is also concerned with the collection of single 
crystal X-ray diffraction data for all crystallographers in the 
country. 

Electrode Development 

Objective 

To develop new high enerqy 
density electrodes for se
condary batteries. 

Summary 

Studies were undertaken to 
optimize cathode performance 
and to manufacture suitable 
cathode artifacts for use in 
cells based on zeolite-
sulphur complexes. 

The concept of using an inert zeolite host for holding the elec-
trochemically active sulphur in a sodium/sulphur cell is a most 
attractive one and offers the following advantages over the con
ventional sodium/sulphur system, i.amely, better sulphur utiliza
tion, less corrosion of metallic container materials, improved 
cell safety, and a potentially lower operating temperature. 

Synthetic zeolites, such as A and X, are known to sorb substan
tial amounts of sulphur (20 to 30% by weight). Provided that 
this zeolite-sulphur matrix can be converted into a sufficiently 
good electron conductor and, furthermore, allow for the fast 
diffusion of electrolytic ions in and out of the lattice, a 
solid material is formed which meets the requirements of the 
ideal high energy density cathode. 

It was found that the addition of a colloidal graphite suspen
sion ("aquadaq") to the raw starting materials prior to gel for
mation and crystal qrowth, produced a zeolite-qraphite structure 
of sufficiently low resistivity for use as an electrode. Zeo
lite discs prepared from this material were impreqnated witf. 
sulphur from the vapour phase before assembly into a cell. 

Cell Evaluation 

Obieet iv<? 

To evaluate new electrode 
materials for use in high 
enerqy density ce l l s . 

The cel l desiqn used in these studies was based on that for the 
conventional Na/S c e l l , namely a tubular «"-alumina separator 
with the zeolite/sulphur cathode on the inside and the l iqu id 
sodium on the outside of the B"-alumina tube. 

Summary 

Results are presented of the 
performance of a cell with 
sequence: sodium / beta 
alumina / zeolite-sulnhur. 

Typical performance figures for this type of cell arrangement 
are qiven in Table 5. The results show that the cell based on 
the zeolite-sulphur electrode can sustain l^rge currents and 
remain fully reversible over long periods. Cell testing and 
further cathode development are continuing. 

'•'0 



Mile 5 
Performance of phase II ZA 
series cells. 

Cathode No 

Type 

Active sur
face area 

Theoreti
cal capa
city (Ah) 
to NajSa 

Operat
ing tem
perature 

DC 

Current 
density 
mA/cm z 

Practical 
discharge 
capacity 
to 1,2 V 
cut off (Ah) 

Minimum 
ce l l 
resis
tance 
(a cm2) 

ZA 19 12,9 300 2,79 14.1 2.5 
300 5,58 13,3 
300 11,17 13,2 

13 X 300 22,34 12,5 
300 41,90 11,7 
300 69,83 11,3 

35,8 cnr 300 97,76 10,6 
300 153,63 10,1 

Crystallografthic Data Collection 

Objective 

To provide a fast and ac
curate data collection ser
vice to all crystallograph-
ers in the country. 

Summary 

The statistics are given of 
the service. 

A four-circle automatic X-ray diffractometer (Philips PWllOO) is 
used for the collection of single crystal data. Since July 1981 
data for a total of 95 single crystals have been collected suc
cessfully. The breakdown of users is as follows: 

NPRL 
NCRL 
University of Witwatersrand 
University of Cape Town 
University of the Orange Free State 
Rand Afrikaans University 
UN ISA 
University of Natal 
University of Port Elizabeth 

5 
16 
26 
26 
3 
4 
3 
5 
7 
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2.3.4 ELECTRONIC MATERIALS 

The Oevelopaent of CUT 
The task of this Division is to study and develop semiconducting 
materials and the techniques used to characterize such mate
rials. Furthermore, the Division develops the packaginq and 
testing procedures involved in the establishment of new semi
conductor and vacuum tube technologies. 

Objective 

To establish the high level 
materials technology 
required for the production 
of high quality photocon-
ductive and photovoltaic 
Hgi_ xGi xTe semiconduct
ing single crystal material 
and to develop the device 
applications of this ma
terial. 

Summary 

The production of high 
quality single crystal thin 
layers of Hqi_ xCd xTe by 
liquiw phase epitaxy (WE) 
is being investigated. The 
electro-optical techniques 
involved in characterizing 
these layers are being de
veloped and implemented. 
The devices that vail result 
from this study find appli
cation in a wide range of 
narrow-gap semiconductor 
applications. 

The Development of CUT* iHgj.xCdjJe] 

The semiconducting ternary coumpound Hg!_ xCd xTe, more com
monly known as CMT, is currently the leading materials candidate 
in new narrow-gap semiconductor applications. For this reason 
and because of the ever-qrowing sophistication of the local 
semiconductor requirements, the Division has embarked on a pro
ject to develop the local ability as regards the technology of 
this material. 

As an electro-optical semiconductor, CMT has a significant ad
vantage over other candidate materials, namely: Its electronic 
bandgap may be varied from about 900 nm to beyond 14 um equiva
lent wavelength by varying the cadmium content of the compound; 
it has a comparatively low dielectric constant (unlike e.g. lead 
tin telluride) which makes GHz devices possible; and it also 
has a good thermal expansion match to silicon, which makes it 
suitable for use in hybrid devices using the highly advanced and 
perfected silicon technology for signal processing. 

The preparation of single crystal CMT is complicated by the fact 
that mercury has a high vapour pressure. The growth of single 
crystal ingots of CMT by the standard Bridgman technique there
fore involves sealed quartz ampoules operating under 20 or more 
atmospheres of mercury pressure at temperatures of about 
800 °C. These problems would be overcome if CMT could be crys
tallized out of melt rich in tellurium, as this would result in 
much lowered mercury vapour pressures. 

The technique of liquid phase epitaxy presents such a possibili
ty. This technique is at present beinq developed in the Divi
sion to grow thin layers of high quality homogeneous CMT on 
semi-insulating CdTe substrates. This provides the added ad
vantages of illumination of CMT/CdTe junctions throuqh the CdTe 
base as well as a qooa substrate-surface layer lattice match. 

This technique also overcomes the problems associated with the 
large solidus-liquidus separation in the CMT phase diaqram, 
since it is effective^ confined to a point on the phase dia
qram. Consequently, LPE leads to layers of uniform composition 
and optical properties. Other advantages of the technique in
clude good control over stoichiometry (doping), the possibility 

*CMT: Cadmium mercury telluride 



of multilayer qrowth for more advanced devices and an adaptabil
ity to other semiconductor systems. 

In parallel with the development of the LPE technique, a theo
retical study of the role of defects such as dislocations and 
vacancies has been initiated. Our calculations indicate that 
hiqh densities of dislocations can exist at the interface be
tween a HqCdTe epitaxial single crystal layer and a CdTe sub
strate. As-grown HgCdTe is usually p-type as a result of high 
densities of mercury vacancies. These vacancies can interact 
with misfit dislocations at the interface to cause dislocation 
climb, which has been shown to degrade the efficiency of devices 
made from similar materials. 

Dislocations could also act as acceptors or donors for elec
trons, as well as affect the carrier mobility due to scatter
ing. A study of the detailed electronic properties of disloca
tions in CMT is therefore an important aspect ot the project to 
develop this material. In this respect the characterization 
techniques being implemented in the Division will be of great 
importance. 

One of the lonq-term goals of the project is to develop CMT MIS 
(Metal-Insulator-Semiconductor) technology to allow the direct 
fabrication of all signal processing elements of an array system 
on the same CM1 crystal slice. This will require a stable oxide 
of high electronic quality to be formed on the CMT crystal. 
Part of the project centres on the oxidation of CMT surfaces and 
the study of the electronic properties of the oxide layer and 
oxide/semiconductor interface using a number of techniques. 

Among the characterization techniques currently under develop
ment in the Division are current-voltage analysis, capacitance-
voltage analysis, photoconductivity and deep level transient 
spectroscopy (DLTS). All of these techniques may be employed to 
study the electronic behaviour of impurities, defects and sur
face or interface states in CMT. In this regard the Hall-effect 
apparatus recently commissioned in the Division will also prove 
Indispensable. 



2.3.5 METAL PHYSICS 

QMBRS 

Fundamental Strength Proper
t i e s of Metals and Allays 

Surf; 
ties 

Mechanical Proper-

Met als and alloys continue to be major structural materials and 
it is important to develop basic knowledge in order to support 
technological advances. This new Division, established in July 
1981, has the task of providing a better understanding of the 
relationship between alloy microstructures and their macroscopic 
properties. Initially, the studies have been limited to inves
tigating strength properties under conditions of both unidirec
tional and cyclic deformation, and surface mechanical properties 
particularly as related to the field of friction and wear. 
These activities have, where appropriate, supported the comple
menting work of a more applied nature carried out in the Physi
cal Metallurgy Division. 

Fundamental Strength Properties of Metals and Alloys 

Objective 

To develop a basic under-
standinq of the various ele
mentary strengthening mech
anisms and how these combine 
to produce the macroscopic 
properties both for unidi
rectional and cyclic defor
mation. 

Summary 

Collaborative studies have 
continued on aspects of sur
face effects in plasticity, 
with new transmission elec
tron microscopy data beinq 
obtained at screw-surfaces 
and during secondary defor
mation of the core of pre-
strained crystals. Theoret
ical studies of internal 
stresses in multipole arrays 
and after Lomer-Cottrell 
grid formation have been un
dertaken. Work on low cycle 
fatigue behaviour of alloys 
has been commenced. 

Part of the initial work done in this project represents a con
tinuation of some of the studies already in progress in the for
mer Electron Microscopy Division and was done as a co-operative 
effort between the newly formed Divisions; the remainder is 
part of the new activities. 

As reported last year, studies were commenced to examine the 
dislocation distributions as a function of depth from the screw-
surfaces of uniaxially deformed Cu-Al single crystals. In con
trast to the edge-surfaces which exhibit the well-known "soft-
surface" effect 1, it has been shown conclusively that for crys
tals deformed into early staqp II the dislocation structures 
characteristic of the crystal core (namely Lomer-Cottrell grids) 
extend right up to screw surfaces, as shown in Fig. 30. This 
confirms the earlier results obtained using crystal slicing 
techniques1. 

In 1970, Fourie2 found that if a copper sinqle crystal, orien
tated for sinqle glide, was prestrained into stage II, the edge-
surfaces removed by strain-free electrolyte si icing and the core 
repulled, these freshly exposed surfaces hardened less rapidly 
on further deformation, as shown by mechanical testing. A trans
mission electron microscopy (TEM) study performed at that time 
even raised the interesting possibility that surface softening 
may have occurred during the second deformation. 

In order to investigate this re-establishment of the soft-
surface effect, further TEM work was undertaken in collaboration 
with the University of Virqinia and the Materials Characteriza
tion Division. The techniques of using plated crystals and 
studyinq primary slip plane sections, as described in previous 
reports, were applied. The dislocation configurations were ex
amined in the core region of a prestrained copper crystal, and 
then in both the core and at the new surface1' of the doubly-
pulled section (see Fiq. 31). In order to gain perspective of 
the dislocation cell structures, larqe *rp.á% hj,i to bo examined 
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Figure 30 

Typical dislocation arrange
ment found on the primary 
slip plane near the screw-
surface of a Cu - 5,8 at.I 
Al crystal deformed to early 
stage II. 

/V iO l 
1Ï0 / \ c r o s , 

011 
crit. 

requiring soecimens of exceptional quality. Stereo techniques 

were also employed to enable cell structures to be studied in 

three dimensions. 

The results to date clearly show the preferential core hardening 

during the second deformation but with the data available there 

is no indication of a substantial change in the structure at the 

surface compared to the single deformation. There is no dramatic 

softening effect but rather a lack of further hardening at the 

surface. Further work will be needed to obtain a sufficiently 

precise statistical estimate of, for example, cell sizes in the 

once-deformed and surface reqion of the double-deformed crystals 

to make a final decision. 

In the past, detailed experimental and theoretical studies of 

linear dislocation multipoles in Cu-Al alloys deformed into 

stage I have been undertaken. As these crystals are further de
formed, the dislocation structures change dramatically al the 

onset of stage II to form the well-known Lomer-Cottrell grids. 

During this year, in collaboration with the University of Vir

ginia, USA, these grid structures have been analysed theoreti

cally using the graphical description of Frank's formula for low 

angle boundaries, as derived by Kuhlmann-Wilsdorf3. It is known 
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Figure 31 

Dislocation cell structures 
in Qj single crystals: 
(a) in the core reqion of 

the prestrained crystal 
(b) near the new surface of 

the doubly-pulled core 
section. 
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that the internal stresses within the primary edge dislocation 
arrays can be high and that this will act as the driving force 
for particular secondary dislocation activity. The present work 
analyses the extent to which the grid formations can act as a 
stress relieving mechanism, and based on a simple analysis pre
dicts that the onset of stage II should occur at stresses be
tween TQ, the friction stress, and /(bout 1,2 T 0 depending on the 
crystal orientation. Other results of the analysis give infor-
mation about the relative misorientatiors across the boundary. 

A further part of the multipole work was carried OIK in collabo
ration with the University of Natal. As the structures are 
known quantitatively, calculations have bf-en performed to evalu
ate the internal stresses in real situation'-,, and the results 
confirm that values qreatly in excess of the yield stress are 
present. Secondary activity is, however, not occurring due to 
the inability of sources between the layers to act. 

V: 



During the course of the year, the microprocessor-controlled 
servo-hydraulic testing machine was commissioned, which enabled 
the programme on cyclic deformation and fatigue behaviour to be 
launched. In order to familiarize the Division with the tech
niques and procedures, standard engineering alloys of reasonably 
known characteristics were used in the preliminary study. 

During cyclic deformation, the str«ss required to enforce a fix
ed strain limit for subsequent cycles, may increase, decrease or 
remain unchanged; hence the mechanical behaviour is referred to 
as cyclic hardening, cyclic Softening or cyclic stability. A 
consequence of this behaviour is that mechanical properties such 
as yield strength, "ultimate tensile strenqth and the strain 
hardening component may change significantly as a result of 
cyclic deformation. 

FigiKe 32 

Hysteresis loops obtained 
for GnlA during low cycle 
fatique tests. 

In the following some typical results of low cycle fatigue (LCF) 
experiments are discussed. These tests were performed under 
total strain control and the fatique life, e.g. number of cycles 
to failure, has been determined as a function of the total 
strain. Typical hysteresis loops obtained on mild steel (EN1A) 
are given in Fig. 32. It is evident that the stress range to 
has been decreased during the first number of cycles indicating 
cyclic softening and the behaviour in this case was observed 
during most of the fatigue life. In addition, values for the 

TOTAL STRAIN (%) 
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Figure 33 

Cyclic strain softening of 
EnlA. 

stress range Ao and for the range of the plastic strain compo
nent, Ae p, were obtained for selected cyzle numbers. These 
data were found to be useful in estimating the dependence of the 
rate of cyclic softening on the plastic strain range as illu
strated in Fig. 33. From these graphs it is evident that the 
rate of cyclic softening increases as the total strain and con
sequently the plastic strain component are increased. 
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Preliminary tests have been carried out on locally manufactured 
dual phase steel. This type of material reveals continuous 
yielding and rapid work hardening during the early stages of 
plastic deformation. The influence of the microstructure on the 
mechanism of this deformation behaviour is presently under in
vestigation. 

Surface Mechanical Properties 

Objective 

To obtain fundamental infor
mation on wear mechanisms 
and utilize this in alloy 
design. 

Surmary 

The current research trends 
in the wear field have been 
investigated and the pre
liminary results on detailed 
studies of abrasion mecha
nisms in white cast iron 
started. 

Surface mechanical properties are of importance in understanding 
many processes which determine the useful lifetime of metallic 
components such as friction and wear, erosion, fretting, etc. 
The project is directed at a better fundamental understanding of 
the mechanisms involved and studies of the extensive plastic de
formation which occurs at surfaces during wear. 

Before starting any experimental work, a literature survey was 
undertaken followed by visits to prominent groups in the USA and 
UK to fully assess the current approach to the field (see report 
on overseas visit p 118). The importance of microstructural 
work was emphasized particularly with regard to using electron 
microscopy and microanalysis methods. The trend has moved from 
dominantly measuring wear rates and trying to correlate this 



with bulk properties, to the detailed investigations of wear 
surfaces, subsurface microstructures, and debris analysis. The 
NPRL, with its well-equipped Materials Characterization Divi
sion, should be ideally suited to the development of this field. 

Figure 34 

SB! micrographs of debris 
after abrading white-cast 
irons with alumina: 

(a) 'Standard' material 
(b) Vanadium containing 

alloy (6% V, 4% Cr, 
No, BR4/3). 

In the latter part of the report year, a collaborative study 
with the Physical Metallurgy Oivision started on applying the 
approach of overseas laboratories to the abrasion resistant 
white cast iron development programme. The abrasive wear test 
machine as constructed was reassessed and although suitable for 
initial experiments will require significant rebuildinq to give 
meaningful quantitative results. As reported elsewhere the 
vanadium-containinq irons show a different size distribution of 
carbides even though the volume fraction is not strongly in
fluenced. The study of the wear debris for these alloys in com
parison with the 'standard' alloy clearly indicates dramatically 
changed characteristics as seen in Fig. 34. This work, together 
with comprehensive SEM studies of the worn surfaces, and chem
ical and X-ray analysis of the debris are in progress, all de-
siqned to give a better understanding of the difference in me
chanism of material loss. 
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2.3.6 PHYSICAL METALLURGY 

Ho-repl w.i •»!* in Steels -
Hanfenability Studies 

VanadiuN in Ferritic Stain
less Steels 

Vanadiue in White Cast 
lions 

Development of Metal-Metal 
Osirfe Gbaposites 

Research on Nodular Cast 
Iran 

Best Resistant Alloys 

The Division is concerned with the research and development of 
ferrous and non-ferrous alloys and with the development of me
ta l l u rg i ca l technoloqy. Of pr incipal concern is the development 
of a l loys, meetinq the chemical and/or mechanical requirements 
prescribed by SA industry and u t i l i z i n g local ly available a l loy-
inq elements. The research is of a more applied nature and em
phasis is placed on the development of metallurqical expertise 
to help achieve the f u l l potential of the Republic's mineral re
serves . 

Molybdenua Replacement in Steels - Hardenability Studies 

Obiective 

Tb substitute locally avail
able alloy additions for Mo 
in low alloy steels without 
detrimentally affecting the 
hardenability of such 
steels. 

Summary 

The results of hardenability 
tests on various trial al
loys containing Mn, Cr, B, 
Si, V and REM as well as 
combinations of these 
elements indicate that Mo 
can be replaced in low alloy 
steels, while maintaining 
adequate hardenability. 
Best results were obtained 
from alloys containing com
plex ferro-horon additives 
or combinations of Cr/Mn and 
Si. 

This research work forms part of a CSP* project in which the ef
fect of substituting locally available alloying elements for the 
molybdenum in certain qrades of structural steels is under in
vestigation. The work carried out by this Division is that part 
of the programme assessinq the effect of substitutional elements 
on the hardenability of low alloy steels. 

Preliminary investigations indicated that Mn, Cr, B and to some 
extent Si and V and REM** could be used as substitutes for mo
lybdenum. Figures 35 and 36 show the experimentally determined 
hardenability curves of Enl8 and Enl9 (Enl9 has the same compo
sition as Enl8, plus 0,3% Mo) and also the effects of Mn and Cr 
additions on Enl8. Quite clearly either Mn or Cr can be used to 
produce the hardenability conventionally achieved by the 0,3% 
Mo. When combinations of these additions are made, the hard
enability is improved to a greater extent than expected from the 
sum of the individual effects. Further work is in progress to 
study this synergistic effect in order to optimize the chemical 
composition. 

Additions of ferroboron also improve the hardenability of Enl8 
and it has been established that concentrations of 30 ppm B pro
duce better hardens • lity in Enl8 than 0,3% Mo. Work is in pro
gress to investigate the effect of complex ferroboron additives 
(6% B, 15% Al, 30* Ti, 10% Si, balance Fe). Preliminary results 
on these alloys indicate that superior hardenability is achieved 
with additional tolerance to variations in the final boron con
tent of the steel. 

* CSP: 
**REM: 

Co-operative Scientific Programmes 
Rare Earth Metals 
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Figure X 

Effect of manganese on the 
haxdenability of B1I8. The 
curves were plotted fro» 
Joniny tests. 
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The effect of chromium on 
the hardenability of En18. 
The curves werre plotted 
from Jominy tests. 
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Vanadium in Ferritic Stainless Steels 

Obiective 

Tb establish the value of 
vanadium for enhancing the 
corrosion resistance of fer
ritic stainless steels. 

Summary 

Trial alloys in which the fto 
is replaced by V are being 
tested for interqranular and 
pitting corrosion and stress 
corrosion cracking. 

The experimental alloys with a base composition of 17-18* Cr, 

less than 0,02% C and 0,5% Ti were cast. These alloys were 

initially induction melted in air but the resulting oxygen 

levels were unacceptable, and remelting in vacuum was necessary. 

An alloy with a composition of 17,2Ï Cr. 2.7% V, 0,1% Ti, 0,16% 

Ni and 0,10% Si was vacuum induction melted. Preliminary tests 

for resistance to interqranular corrosion were conducted on this 

alloy usinq a 50% h^SO^/F^tSO*^ solution. The specimens were 

heated at 1 200 °C for 30 minutes followed by cooling at dif

ferent rates and the results suggested that samples produced by 

slower cooling have a lower susceptibility to intergranular at

tack. A detailed programme to characterize the effect of cool-

inq rate and heat treatment on the intergranular corrosion re

sistance of ferritic stainless steels, containing vanadium, is 

under way and once the optimum conditions are known, testing for 

resistance to pitting corrosion and stress-corrosion cracking 

will be undertaken. 

Vanadium In White Cast Irons 

Objective 

To investigate and correlate 
the abrasion resistance of 
white cast irons to their 
chemical composition and 
microstructure. 

to replace the Mo in high Cr 
white cast irons with V. 

Summary 

Trial alloys of Cr/V white 
cast irons are being com
pared with a standard com
mercial 15% Cr, 1% to sam
ple. Preliminary results 
aopear to he oromising. 

Table 6 

Composition 
castings 

of trial 

Six trial castings with compositions as set out in Table 6 were 

made in the NPRL foundry. Metallographic examination of these 

trial casts revealed that the vanadium has a significant effect 

on the size distribution of the carbides. Figure 37 shows the 

results of a quantitative metallographic analysis of the largest 

carbides detected in the series BR4/1 - BR4/3 (varying V con

tent) compared with the standard material. The volume fraction 

of carbides remained fairly constant. Heat treatment trials 

were carried out to determine the treatment necessary to bring 

the trial alloys to the bulk hardness of the commercial sample 

(67-69 HR C*). 

Specimen % C % Cr % V % Mo 
designation 

BR4/1 2,99 4,00 2,10 . 

8R4/2 2,80 3,95 4,00 -

BR4/3 2,42 4,41 6,09 -

BR4/4 2,71 ?,26 3,96 -

BR4/5 2,73 3,20 3 98 -

BR4/6 2,99 5,24 4,15 -

"Standard" 2,19 16,8 - 0,90 

*HR C: Hardness (Rockwell C-scale) 
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Figure 37 

Size distribution of car
bides with respect to vana
dium content. 

10 15 20 25 

SIZES OF DETECTED CARHDES (//m) 

The preliminary abrasion tests carried cut on 80 grit alumina 
wheels are therefore comparing samples with constant bulk hard
ness and volume fraction of carbides, and the results should 
provide an indication of the effect of the refinement of the 
carbides on the abrasion resistance. An increase in abrasion 
resistance (by a factor of 2 to 5) was observed 1n the series 
BR4/1 - BR4/3 when compared with the commercial alloy. 

Development of Metal-Metal Oxide Composites 

Objective 
To investigate and develop 
Ni-based oxide dispersion 
strengthened composites, 
to investigate the i>»haviour 
of the filler at various 
stages of the composite pre
paration, and 
to determine the effects of 
the oxide fillers on the 
properties of the com
posites. 

Metal-metal oxide composites containing a 15-20% volume fraction 
of oxide phase are classified as cermets (ceramic-metal compo
sites). These materials can be used for high temperature abrad-
able seals in gas turbines, for abrasion resistant thermal bar
rier coatings and for selective energy absorbers, etc. Compo
sites containing 1 - 2% volume fraction of oxide phase are clas
sified as oxide dispersion strengthened (OOS) alloys. 

During the manufacturing process for production of metal-metal 
oxide composites, complex oxides may be formed as an interme
diate stage. An understanding of the mechanism and kinetics of 
formation of these complex oxides 1s therefore an essential part 
of any study of these composites. A laboratory technique was 
developed 1n wMch the oxides are reduced 1n a flow of hydrogen 
during a programmed temperature cycle. By metering the thermal 
conductivity of the gas, data on the kinetics of complex oxide 
formation from various mixtures ha." been obtained. 
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Summary 
The kinetics of formation of 
complex oxides from various 
mixtures have been determin-
ed by a method of ptogtamud 
reduction of the mixtures in 
hydrogen flow. 

As an example of the results. Fig. 38 shows the kinetics of 
nickel metatitanate formation from different mixtures. Forma
tion of the compound occurs together with the formation of an 
intermediate phase. This phase was found to be a solid solution 
of titania in nickel oxide with its composition reaching a maxi
mum of about 33% at 900 °C corresponding to ZNiO-TiOj (see Fig. 
39a). The formation of NiTiOa is influenced by phase transfor
mations of titania from the anatase modification to rutile, as 
can be seen from the maxima on tne kinetic curves for 800 and 
900 °C (see Fiq. 38a) and minima on the curves shown in Fig. 
39b). These minima appearing at 900 °C for shorter reaction 
times move to 800 °C for longer times. It was found that the 
rate of transformation of anatase to rutile increases consider
ably in the presence of nickel oxide and the temperature of 
transformation decreases at least 150 °C. Figure 40 shows the 
changes in rutile content of the TÍO2 which is present in the 
mixture. 

Figure 38 

Kinetics of NiTiOj formation 
from: 

(a) NiO + TiOa 
(b) Ni + TiOa + Oi 
(c) Ni-TiOs -cermet 

tion. 
oxida-

X-RAY 
REDUCTION 

tgr(min) 

RATE ISOTHERMS OF NiTO, FORMATION 

N Í * T ( O Í * O J —NtTiOj <Ni-TiCM*0í N1T1O, 
ICCftMCT) 

IIOO'C 

700*C 

20 

103 



Figure 39 

(a) TiQj content in solid 
solution 

(b) Solid solution content 
in reaction NiO + TiCfc 
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Research on Nodular Cast Iron 

Objective 

To study the fading effects 
on graphite nodule forma
tion. 

A series of experiments was carried out on liquid cast Iron, 
spheroidized and Inoculated, to determine the time at which the 
qraphite nodule shape deteriorates (I.e. the fading effect). It 
was found that the fadinq of spheroldization 1s caused by an un
controlled increase of oxides in the metallic matrix. Further 
work will be necessary to determine the time of fading effect 
appearance as a function of the ratio of oxygen/oxides of cer
tain additives. 

Obiectiv» 
To develop the melting and 
casting technology of Ni-
based alloys. 

Heat Resistant Alloys 

Development of the technological know-how for producing Ni-base 
alloys included co-operation between the foundry processing and 
characterization services. This latter work Involved determina
tion of the chemical composition at the major, minor and trace 
levels by a number of techniques Including mass spectrometry, 
SEM/EDX, atomic absorption, etc.. and optical metallography 
examination of the alloy mlcrostructure. 
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3. SERVICES TO INDUSTRY AND OTHER O R G A N I Z A T I O N S 

A P P U H ) fflXSICS 

NATIONAL CCASURING STANDARDS 
AND METROOOGY 

The Division advised industry on a variety of problems related 
to e l e c t r i c i t y , length, mass, temperature, pressure, l i g h t , time 
and frequency, and radiation dosimetry. Calibrations were also 
performed in each section as fol lows: 

Calibrations Organizations 

Radiation Dosiaetry 7 dosemeters 
55 pocket dosemeters 
39 series f i l m badges 
9 monitors 

Botha, Dr C L 
CSIR 
H F Verwoerd Hospital 
Carl Bremer Hospital 
National Hospital Bloemfontein 
SAA 
SABS 

X-rays 497 chest radiography plates 
6 industr ia l radiography plates 

CSIR 

Health Physics In collaboration with the NAC, physicists o; the NPRL are re
sponsible for the regulatory aspects of using radioactive mate
rial to implement the "Regulations Concerning the Control of 
Electronic Products". Formalities in connection with the regis
tering of radiation workers, the required medical examinations, 
the registering of electronic products and the upkeep of all the 
records were attended to. Advice was given on the protection of 
personnel against ionizing radiation. The necessary personal 
monitors and survey meters used by CSIR radiation workers were 
regularly distributed and checked. 

Length 

Calibrations Organizations 

1 - 4 m Anglo American Western Holdings 
1 - 10 m tape Atlas Aircraft Corp 
2 - 20 m tapes African Telephone cables 
3 - 30 m tapes AEB 
2 - 50 m tapes BKM Measuring 
9 - 60 m tapes Burns, Rivers & Co. 
3 - 100 m tapes CME 
6 - 1 m steel rules Cementation Engineering 
7 - 2 m steel rules Connell Instruments 
1 set optical parallels Dorbyl Heavy Engineering 
11 sets of 112 guage blocks EMLC 
20 gauge blocks Elgin Engineering 
2 linear transducer probes Eloptro 

A/C International 
ISC0R 
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Pressure 

Calibrations Organizations 

Jules Moed 
Labotex 
Lalngsdale Engineering 
Lauf Lumlnite 
NPRL 
SAA 
Scottish Cables 
Sigma Engineering 
Swartklop Products 
Tool and Automation Machines 
Venco Engineering 

10 sets of weights 10 kg to 1 mg Asea 
1 set of weights 2 kg to 1 mg Dept of Trade Metrology 
1 500 mg weight Kentron 
18 sets of weights 100 g to 1 mg Lalngsdale Engineering 
4 miligram weights Matthey, Rustenburg 
3 sets pressure balance weights Optical Instruments 

1000 to 10 g SABS 
1 set of weights 50 g to 1 mg Somchem 
1 set of troy weights 500 oz T Swartklip Products 

to 1 oz T TSD 
1 set of weights 5 kg to 3 kg Upjohn Pty Ltd 
1 set metric carat weights UKOR 

5000 an to 0,005 cm Union Steel Corp 
W Frankel & Co 

4 barometers Kentron 
1 vacuum gauge SAA 

UKOR 

12 optical pyrometers AEB 
3 infrared pyrometers Atlanta 
3 infrared sources Atlas 
27 thermocouples Brown Boveri 
2 quartz thermometers CERG 
2 tungsten strip lamps CGS Thermodynamics 
44 mercury-in-glass thermometers CME 
6 platinum resistance thermo Dorbyl 
meters Fluke 

1 electronic 0°C reference GEC Machines 
source Iscor 

1 digital thermometer Kentron 
5 transistor probes Lalngsdale Engineering 
2 spectray temperature detectors Leeds & Northrup 
Several people visited the Marconi 
laboratory to discuss problems Municipal Abattoir, Cape Town 
concerning the calibration of NMERI 
temperature measuring equipment NRIO 

NIWR 
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Calibrations Organizations 

NFRI 
NEERI 
NBRI 
Protea PNI 
Redilectron 
Republic Thermocouples 
SABS 
Siemens 
Swartklip Products 
WAG Metal Pressings 

DC Electricity 15 groups of Weston cells 
4 DC voltage standards 
150 standard & decade resistors 
25 resistance bridges 
55 standard & decade capacitors 
17 capacitance bridges 
20 standard & decade inductors 
4 inductance bridges 
55 multimeters & HV test sets 
2 transformer test sets 

Aberdare Cables 
Action Instruments 
African Telephone Cables 
Asea Electric 
Atomic Energy Board 
Atlas Aircraft Corp 
Avon Wires 
Biowave 
Boyd Brown 
CKF Instruments 
Contronics Cables 
CGS Thermodynamics 
City of Cape Town 
ESCOM, Germiston 
ESCOM, Bellville 
Fluke SA 
GEC Traction 
Hewlett Packard 
Kentron 
Kilpatrick 
Marconi 
Marthinusen L H 
National Standard 
Plessey 
Protea PNI 
Reyrolle Parsons 
South African Airways 
SA General Electric 
SABS 
Scottish Cables 
Shell-BP Refineries 
Standard Telephone & Cables 
Siemens 
Thorn EMI 
CSIR Institutes 

FT Electricity 17 thermal transfer standards, 
540B 

7 step attenuators 
2 RF power meters 

Atlas 
ESCOM 
Fluke 
Hewlett Packard 
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Calibrations Organizations 

Honeywel 1 
Kentron 
Marconi 
NEERI 
Post Office 
Protea PNI 
SAA 
Siemens 

Light 

Tiae & frequency 

5 radiometers 
6 lamps 
2 SI - solar cells 
2 pulsed lasers 
1 interference filters 

SABC TV Tine Transfer Com
parisons 

430 comparisons 

Eloptro 
Kentron 
Magnetic Observatory 
Material Sciences 
Optical Sciences 
University of Cape Town 
University of Pretoria 

Atlas 
ESCOM 
FTS 
Hewlett Packard 
Kentron 
Marconi 
NEERI 
SABS 
SAPO 
Siemens 
SRSC 

OPTICAL SCIENCES The Division renders an important and essential consultative and 
manufacturing service to other CSIR institutes, industry and va
rious organizations. As 1n the past the Optical Design and 
Evaluation Section, the Optical Workshop and the Th1n-film 
Optics Section have been mainly involved in this work. 
Specialized optical components and optical and electro-optical 
systems have been designed and complete prototypes have been 
manufactured and evaluated. 

Apart from all the components for the foregoing the Optical 
Workshop also manufactured a large number of ad hoc components. 
These included optical windows, lenses, prisms, filters and 
mirrors made of optical glass, quartz, fibre optics, germanium, 
silicon, glass ceramics and other optical materials. 

Contract work to outside organizations as well as Internal 
routine services still comprise the major part of the activities 
of the Thin-film Optics Section, with contracts generating a 
considerable income. The work consisted mainly of routine metal 



layers on various types of substrates, IR edge f i l t e r s , beam 
spl i t ters , low power laser .nirrors and various types of r e t i 
cules, including high-precision s l i t s for a far-UV spectrometer. 

The Laser Section has again been of service to a number of or
ganizations in various ways: 

• Frequent v i s i t s to the Laser Section's laboratories by 
schools, universi t ies and other ins t i tu t ions have taken 
place. 

• An argon-ion laser belonging to the Chemistry Department 
at UNISA was repaired. 

• A safety report was wri t ten about a He-Ne laser destined 
fo r use in beauty parlours. 

• The argon-ion laser used for eye surgery at Ga-Rankuwa 
Hospital was again realigned, and advice was given on a 
cooling system. 

The Photo-effects Section also made available their specialized 
expertise and unique f a c i l i t i e s regarding associated technolo
gies, such as glass-to-metal seals, plasma- and spot-welding, 
vacuum soldering, e tc . , as a service to other organizations both 
inside and outside the CSIR. 

The Optical Reaote Sensing Section has rendered the following 
services during the past year: 

• Consultative assistance in the f i e l d of land use c lass i 
f i ca t ion has been given to the Commercial Grain Producers 
Association, Salisbury, the Agricul tural Off ice of the US 
Consulate, Pretor ia, the Geography Department, RAU., the 
UOFS and the Hydrological Research Ins t i t u te . 

• Staff members have on several occasions participated in 
ac t i v i t i es of the various ad hoc working groups of the 
National Committee on Remote Sensing as well as the par
ent committee. 

• Landsat d ig i t a l data have been transformed into a simpler 
format than that produced by SRSC Hartebeesthoek for the 
use of the Hydrological Research Ins t i tu te and the Uni
vers i ty of the OFS. 

The Division handled a variety of problems as can be seen from 
the fol lowing examples: 

• An accelerometer cal ibrator and an accelerometer used for 
v ibrat ion measurements at the Koeberg nuclear power sta
t ion were tested and cer t i f i ed as best we could with our 
l imi ted resources in this f i e l d . 
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• In three cases tape recordings of conversations were pro
cessed to improve their quality and thereafter transcrib
ed for outside organizations. 

• The speech intelligibility of a radio system was investi
gated, using sound spectrograms, and recommendations were 
made. 

• A noise problem in a factory at Tzaneen was investigated 
and recommendations made to reduce the noise. 

• A noise problem associated with a diesel-electric genera
tor used by a film studio for work out-of-doors was in
vestigated and advice given. 

• Noise in several ventilation systems was investigated and 
advice given to reduce the noise. 

EMBH JH> JUMUbMBKIC 
SOBERS 

ATMOSPHERIC SCIENCES The Division was actively involved in advising various organiza
tions on a variety of projects which.are listed below: 

• A theoretical study was made of the impact of changing 
various processes in a large industrial plant on pollu
tant levels in the vicinity of the plant. 

• The expected behaviour of the plume from a proposed sul
phuric acid plant was investigated in relation to weather 
conditions and'topography, and predictions were made of 
SO2 levels that would occur in the vicinity. 

• Monitorinq was carried out in the environment of two fac 
tories thought to be causing pollution problems. 

• Benzene emlsttjws were monitored in the vicinity of a new 
chemical plant as a condition of Its being granted a li
cence by the local authority. 

• Hail resistance tests were carried out on heat insulation 
material for larqe storMje tanks. 

• The S A Bureau of Standards was advised on Improving 
their methods of conducting hall resistance tests. 

• Two research workers from overseas were given assistance 
to conduct atmospheric chemistry experiments at Suther
land, Gobabeb and Cape Point. 

• Many short enquiries were dealt with, e.g. information 
was provided on air sampling and measurement techniques, 
extent and levels of air pollution, effect of lakes on 
the environment, the effectiveness of hall suppression 

1 

110 



and the frtiuency of hail occurrences. 

• 23 contract reports were written. 

GEOCHRONOLOGY Uranium-lead age dating was done on behalf of the Geological 
Survey of South Africa and South West Africa, institutes and 
geologists of South African Universities and South African Geo-
dynamies Project. A total of 87 samples have been dated. 

NATURAL ISOTOPES Services were rendered as follows: 

• Radiocarbon analyses of groundwater were carried out for 
the AEB. 

• Estimates of the expected atmospheric C 0 2 concentrations 
in an industrial area were provided to a chemical concern 
for planning purposes. 

MKTBRIALS SCIENCES 

MATERIALS CHARACTERIZATION 

Electron microscopy 

Identification of gases evolving from refractory material 
was done for an industrial laboratory. 

Scanning electron microscopy/energy dispersive X-ray analyser 
(SEM/EDX) 

Table 7 

Use of SEM/EEK system. 

The SEM/EOX continues to provide a problem solving service for a 
wide range of industrial companies and other non-CSIR users. 
Despite the fact that three regular industrial users obtained 
their own instruments during the year, the use of SEM-time by 
industrial engineers continues to rise. Table 7 indicates the 
time booked on the microscope by the various groups of users. 

No of users Total hours X Time 
ut i1i zed 

CSIR institutes 73 940 56,0 
State-funded institutes 1 20 1,2 
Universities 12 96 5,7 
Industry 40 440 26,3 
Visitors 40 2,4 
Maintenance 140 8,4 

The examples of investigations carried out this year which are 
given below indicate the range of research programmes and tech
nologies which make use of this instrument. 

• The analysis of cladding materials on imported pressure 
vessels as part of a programme to identify potential me
tallurgical interface problems. 

• The measurement of element diffusion gradients in a braz-
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ing and welding development programme. 
• Analysis of crystalline materials causing discoloration 

of ceramic tiles. 
• Examination of micro-organisms on activated carbon par

ticles. 
• Analysis of gel-particles in concretes, as part of a pro

gramme investigating causes of deterioration of that ma
terial. 

• Photograph of erosion caused by laser pulses on the sur
face of methyl methacrylate. 

• Analysis of elements present in rock samples. 
• Identification of elements present in a sample of ion-

exchange resin. 

Transmission electron microscopy 

Though the great majority of industrial problems are investigat
ed with the SEM/EDX instrument, transmission electron microscopy 
is of advantage when high resolution is required. This techni
que has been applied to the measurement of fatigue striation-
spacings in a motor-shaft failure investigation, and to the mea
surement of pearlite-spacings in high tensile steel. 

Manufacture of scintillators 

The process of electron-to-photon conversion is the critical 
step in signal electron detection in the SEM. Manufacture of 
the scintillators which carry out this conversion function has 
continued to supply the many scanning electron microscopes in 
this country. These devices remain superior to any of the com
ponents supplied as replacement parts by overseas companies. 

A total of 224 samples was analysed by flame and flameless ato
mic absorption sepctrometry, XRF and the LECO gas determinator 
for various elements. Samples were submitted by NPRL Divisions, 
various CSIR Institutes, Industry and other organizations. 

• NPRL Divisions: 134 samples from 6 divisions. 
• CSIR Institutes: 30 samples from 6 institutes. 
• Industry and other organizations: 60 samples 

A great variety of sample preparation methods and several In
strumental methods were used. 

A large number of steels were submitted for carbon and sulphur 
determinations which were carried out on the LECO instruments, 
also used for determining oxygen, nitrogen and hydrogen in 
steels. Most of these analyses were required by the Physical 
Metallurgy Division of the NPRL. Cast Iron samples, submitted 
by the same division were analysed for a variety of other ele
ments such as A1, B, Co, Cr, Mn, Mo, Si and W, mainly by means 
of flame atomic absorption spectrometry and occasionally by 
means of XRF. 



Several elements such as Ca, Mg, Rb, Sr and Ba were determined 
by aliquots of elution solutions from chromatographic columns 
for calibration purposes by flame atomic absorption spectro
metry. These samples were submitted by the Geochronology Divi
sion of the NPRL. 

Examples of samples from other CSIR Institutes are various elec
troplating solutions such as tin-lead and copper solutions, 
which were frequently submitted by the Printed Circuit Division 
of TSD. Analysis of these solutions serve to check metal con
centrations in a variety of electroplating baths, which require 
occasional metal concentration adjustment. 

Aluminium and copper were determined in potassium chromate solu
tions which were submitted by the National Accelerator Centre, 
and the Fuel Research Institute submitted ash samples for the 
determination of Pb and V. 

Samples were submitted by Industry and other organizations such 
as Samancor, the Dental Research Institute at the University of 
the Witwatersrand, RAU, Sasol I, National Explosives, etc. 
Amongst the samples submitted were quartz samples, dental sam
ples, coals, phenols, oils and tars. After being dissolved they 
were either analysed by means of flame atomic absorption or, if 
the need arose, by means of ICP or flameless atomic absorption 
spectrometry, the last two techniques having the advantage of 
detection limits lower than those of flame atomic absorption 
spectrometry. 

Mass Sfrecttoaetry The Spark Source Mass Spectrometer is a powerful bulk analysis 
tool because of its sensitivity (<1 ppm) and because all 
elements in a sample can be determined simultaneously. A number 
of important analyses were carried out for industrial and other 
organizations. Table 8 is a summary of these analyses. 

Table 8 

Summary of SSMS analyses. 
Origin of analysis request Number of samples 

NPRL 
Other CSIR Institutes 
Universities 
Industry 

19 
1 

6 

Surf, Microtechniques The techniques available by means of the scanning ion microprobe 
mass analyser (S-IMMA) and the scanning Auger microprobe (SAM), 
are extremely powerful for surface localized analyses, and the 
load on these instruments is increasing because of the growing 
awareness of CSIR personnel and industrial organizations of 
these capabilities. 
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OBLUHIB: 

CERAMICS, GLASS AND PHASE T n e Division continues to interact with industry on long- and 
short-term contracts and in a general advisory capacity. The 
following indicates the range of problems encountered: 

Manufacturing methods for the production of various chemicals, 
development of piezoelectric materials and components. X-ray 
orientation of single crystals, thermal properties of iron a l 
loys, sintering of A1 2 0 3 , powder preparation of A1 2 0 3 , sinter
ing characteristics of Zr0 2 , transducer development, production 
of hard ferr i tes, X-ray analysis of corrosion products, analysis 
of high temperature behaviour of chromium compounds, recovery of 
ferrosilicon, thermal and mechanical properties of materials un
der extreme conditions, purity of Si0 2 , and glass fibre produc
tion. 

ELECTRONIC MATERIALS During the period under review the Division has performed a num
ber of services to industry, for example, the development of mi
crowave materials and techniques, as well as techniques for the 
fabrication of polycrystalline photoconductors. 

The Division has also assisted industry and universities as re
gards electron-gun refurbishment, plasma welding technology and 
electronic device packaging. Institutions assisted in this re
gard include the University of Pretoria, Labotec, STC and SAMES. 

PHYSICAL METALLURGY The Division continued to support industry by providing special
ized services which included: 

• investigation of hollow rock-drill steel, 
• failure investigation of truck components made of S 6 

iron, 
• heat treatment of martensitic stainless steel , 
• application of Fe-Mn-Al for f i re bridges in smokeless 

stoves, 
• development of heat resistant alloys, and chrom1z1ng of 
• components. 
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4. VISITS ABROAD BY STAFF MEMBERS 

D F bezuidenhout 

The Netherlands, U K, 
Liechtenstein, Israel 

September 1981 

Purpose of visit 

• To attend the Fifth International Thin-Film Congress, and 

to visit various research institutes and firms to obtain 
information on the latest technological developments in 
the production of optical thin films, especially with re
gard to infrared applications. 

General impressions 

Evaporation parameters are monitored and controlled by sensitive 
and highly sophisticated equipment. Optical monitors, quartz-
crystal oscillators, thermocouples, pressure gauges, and mass 
spectrometers are all used to measure parameters such as optical 
thickness, the rate of condensation, substrate temperature, 
overall pressure and residual-qas composition. 

For durable layers accelerated ageing and stabilization of lay
ers are necessary, which is achieved by post-evaporation baking 
under vacuum or under normal atmospheric conditions. 

Evaluation techniques that are qenerally used to characterize 
optical thin films are reflection and transmission measurements, 
scattered light measurements, el tipsometry, scanning and trans
mission electron microscopy, X-ray diffraction, Rutherford back-
scatterinq and electrical resistance measurements. 

It is essential that the existing monitorinq techniques in the 
Thin-film Optics Section be upgraded to achieve better control 
over the properties of optical thin-film coatings. Furthermore, 
locally available techniques such as Rutherford backscatterinq, 
Auger spectroscopy, X-ray diffraction, etc. should also be ex
ploited more effectively for evaluation purposes. 

E Brunke 

England, Germany 

November 1982 

Purpose of visit 

To become thoroughly acquainted with a methane and an 
ozone recordinq instrument intended for installation at 
Cape Point at the beqinnlng of 1982. These two instru
ments are to supplement the CO apparatus brought to Cape 
Point by the Max Planck Institute (MPI) In 1978, 

to gain Insiqht into the various research projects being 
undertaken by the MPI and to build up a good working re
lationship with its scientific staff, and 

to discuss the joint MPI/CSIR paper, "CO in the southern 
hemisphere" with Prof. W Seiler. 
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General Impressions 

The main aim of the visit, to be trained in the handling of new 
equipment supplied by the MPI, has been achieved. Additionally, 
invaluable personal contact was made with all the members of 
Seiler's research group and insight obtained into its various 
research activities. 

The intention of the MPI to install an automatic data logging 
system for its three instruments at Cape Point (Section 5) and 
to conduct additional research work in South Africa has the fol
lowing implications: 

(a) that the CSIR staff at Cape Point will be greatly reliev
ed of their routine data processing work and will have 
more time to carry out additional short-term research 
projects, 

(b) that the CSIR may lose its scientific initiative and be
come a passive onlooker as more and more atmospheric re
search is being conducted by foreigners on South African 
soil. 

To counteract the latter trend, it is suggested that the second 
baseline station envisaged by the MPI be established and finan
ced solely by the CSIR. 

Purpose of visit 

To obtain information on methods of cleaning substrates, 
and on characterization of thin films at the NPL, Ted-
dington, 

to discuss with Balzers problems that occurred 1n equip
ment supplied by them, and 

• to represent South Africa on behalf of the South African 
Optical Society at the 12th Assembly and Congress of the 
International Commission for Optics. 

6enera1 Impressions 

The most common methods of cleaning substrates before coating 
make use of detergent solutions, and solvents such as alcohol or 
Freon, with or without ultra-sonic cleaning baths. The NPL has 
made a significant departure from these methods as their ex
perience has shown that sub-m1cron particles cannot be removed 
bu ultra-sonic cleaning and that contamination occurs very easi
ly in vapour cleaning baths. Even analytical grade alcohol 
leaves particles on a surface, which can be seen under a micro
scope 1n the Nomarskl mode. 



The NPL is well equipped for evaluating the characteristics of 
thin films. In use are self-designed instruments such as a pro-
filometer for non-contact measurement of film thickness to a 
high accuracy; a simple device for measuring light that is scat
tered from a film at a fixed angle; apparatus for testing the 
abrasion resistance of a film; an ellipsometer; and a new guided 
wave technique for measuring the refractive index of a deposited 
film. 

As these are important techniques, arrangements were made with 
the NPL to send a member of the Thin-film Optics Section to the 
NPL for a longer period to obtain detailed information and work
ing experience with their equipment. This has culminated in a 
visit that has been arranged for later in 1982. 

The visit to Balzers was mainly concerned with ironing out pro
blems that arose in the UHV coating plant during the commission
ing period. These were of such a nature that Balzers decided to 
send an engineer to the NPRL, at their expense, to look into the 
matter. Some discussion also centred on alternative coating 
techniques from which it emerged that sputtering has several 
serious disadvantages that discourage its application to the 
type of thin-film work done at NPRL. On the other hand, plasma 
beam assisted evaporation technology is developing rapidly and 
promises to be a superior technique that should become commer
cially available within two to three years. 

A two-man delegation attended the ICO 12 congress and assembly 
on behalf of the South African Optical Society. South Africa's 
application to become a member of the ICO was accepted almost 
unanimously. 

Purpose of visit 

To attend the 9th International Conference on Atomic 
Spectroscopy and the XXII Colloquium Spectroscopicum In
ternationale in Tokyo and to present papers on instrumen
tation and control in spectroscopy, 

to visit research laboratories of Japanese electronics 
and steel industries to become acquainted with their 
spectroscopic measurement techniques, 

to visit research institutions in three centres in 
Australia to study trends in the field of electronic 
measurement and control. 

General Impressions 

In Japan much research is directed towards applied technology to 
assist in the wide variety of local manufacturing processes. 
However, it is accepted there that the solution to many of the 
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problems encountered in these processes lies in problem orient
ated fundamental research. This is probably the main reason why 
technologically involved personnel are so eager to exchange in
formation on every aspect of technology with their Western col
leagues. The mixture of fundamental and applied research which 
exists in Japanese research organizations, is also to be found 
in our laboratories, and consequently contact to mutual advan
tage was established with a number of Japanese scientists and 
technologists. 

In Australia relatively little use is being made of low cost 
computerized control in general physics experiments and it was 
also noticed that there was a much smaller variety of mini- and 
microcomputers than in South Africa. However, the standard of 
research in various fields of physics was impressive as was the 
enthusiasm of the scientists. The laboratories are well equip
ped, and advanced and sophisticated apparatus are to be found in 
many of the research centres. Generally, therefore, a very fa
vourable impression was obtained. 

Purpose of visit 

To assess the current status of research into the pheno
mena of friction and wear, abrasion, erosion, etc. by 
visiting leading groups at universities and research 
institutes, 

to gather information on new metallurgical processing 
technologies such as surface treatments and coatings for 
producing materials with novel properties, 

to attend the 27th International Gas Turbine Conference 
in London, to assess current material trends in this 
field, and 

to deliver a colloquium at the University of Virginia, 
Charlottesville, USA. 

6enera1 impressions 

There is an ever increasing awareness worldwide of the effects 
and costs involved in materials degradation during use and hence 
wear, or more generally tribology, has become an active research 
area. An interesting trend has been the general acceptance that 
the pragmatic engineering approach to the subject, based on the 
Investigation of failures and maintenance problems, 1s being su
perseded by detailed studies of the mechanisms involved. The 
subsurface mlcrostructures and the debris are being studied 
chiefly by electron microscopy and microanalysis with most In
teresting results, leading to a revision of current Ideas. The 
work carried out at the National Bureau of Standards, Washing
ton, Ohio State University, Columbus and Brunei University, UK, 



Mas of particular significance. The interest in using surface 
treatments such as laser remelting, ion nitriding, etc., and 
coatings, both metallic and ceramic, to improve surface proper
ties forms part of this enhanced interest in material modifica
tions to obtain specific properties which may differ from bulk 
requirements. The visit provided an excellent opportunity to 
observe laboratory facilities, and discuss current research all 
of which will be invaluable in the developing NPRL programmes. 

The Gas Turbine Conference was essentially an engineering meet
ing and thus materials papers were designed more for this audi
ence. These indicated some trends in technology and new mate
rials, designed for higher temperature operation of turbine sys
tems. Firstly, in the alloy development field there is an in
creased effort in single crystal castings, which are now commer
cially applied and new alloys specifically designed for these, 
rapid solidification powder metallurgical developments, mechani
cal-alloying for oxide dispersion strengthened Ni- and Al-based 
alloys. The other active area is that of overlay and thermal 
barrier coatings where a number of technologies are being ap
plied, principally plasma spraying in the commercial processing, 
and physical vapour deposition which is being used for develop
ment work. The research and development costs in this field are 
immense and thus little real information is released in the 
talks as most is proprietary. A major topic was the use of 
ceramic components for vehicular gas turbine engines and here 
serious materials and technological problems remain. 

Purpose of visit 

To attend the combined 9th International Conference on 
Atomic Spectroscopy and the XXII Colloquium Spectroscopi-
cum Internationale in Tokyo and to present three papers 
on atomic spectroscopy and one on X-ray fluorescence 
spectroscopy, 

to visit laboratories in Australia to study developments 
in research on measurement of basic parameters in low 
pressure electrical discharges, 

to visit two steel manufacturers in Japan to study the 
application of the Grimm-type lamp to surface and volume 
analyses, and 

• to visit a manufacturer of X-ray fluorescence spectro
meters to obtain an insight into the construction of the 
specific apparatus. 

General impressians 

Considerable interest was shown in the developments in analyti
cal spectroscopy at the NPRL on which papers were delivered at 
the Conference. 

I 

N P Ferreira 

Australia and Japan 

August - September 1981 
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A thorough investigation of the many variables in the inductive
ly coupled plasma is being undertaken worldwide to test the va
rious theories regarding processes in this high pressure plasma. 

Interest has increased in the application of the Grimm-type lamp 
to surfaces as a complementary fast depth-profiling technique 
due to i ts advantages of a large area under observation and ease 
of operation. 

Available theoretical models describing transport and excitation 
in a low pressure electric discharge can not yet be thoroughly 
tested due to the lack of acceptable values of the basic para
meters. The evaluation of these parameters in the low pressure 
range and in small plasma volumes where non-equilibrium proces
ses govern the plasma mechanisms, demands elaborate investiga
tion and is rarely undertaken. 

Analytical X-ray fluorescence spectroscopy has developed to the 
stage where only limited advances in the classic technique can 
s t i l l be accomplished, but where promising applications to sur
face analyses have been introduced. 

Purpose of visit 

To vis i t metallurgical and metal science laboratories at 
universities and scientific institutions, 

to view new equipment and methods used in heat treatment 
processing and in testing heat resistant alloys at eleva
ted temperatures, and 

to attend the 49th International Foundry Congress of 
CIATF in Chicago, USA and to present a paper at the con
gress. 

General impressions 

Noticeable progress in metallurgical science and technology is 
evident as the following examples wil l test i fy: 

Application of gases in the alloying process: H 2 , N2 and 0 2 

can participate in l iquid reactions of certain alloys contri
buting to an increase of creep resistance. 

De-oxidation of 1ron-carbon casting alloys: The use of Al , 
Zr, Sr and Mg as agents for si l ica precipitation contributes 
to a considerable removal of oxygen out of the melt. 

Detection of hydrogen embrittlement by acoustic emission: 
The method 1s based on uncharged and hydrogen-charged speci
mens during the tensile testing, where the reaction between 
hydrogen amount and dislocation results in the level of in
ternal stresses. 

H Fidos 
West Germany, USA 
April 1982 
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Vanadium in cast iron: There is a definite trend towards the 
use of vanadium in cast iron. Vanadium content up to 0,5% V 
can increase tensile strength of grey cast iron, particularly 
if the structure is annealed to a ferritic matrix. 

Purpose of visit 

To establish contacts with laboratories and companies 
working in the field of powder metallurgy, heat resistant 
and oxide dispersion strengthened (ODS) alloys, 

• to study the present situation concerning the technology, 
research and application of these materials, and 

to attend the 84th Annual Meeting and Exposition of the 
American Ceramic Society and present a paper on work con
ducted at NPRL. 

General impressions 

Powder metallurgy technology of superalloys opened up many op
tions for alloy design and has led to commercialization of the 
very high temperature resistant oxide dispersion strengthened 
alloys, but limitations still exist. Manufacturing facilities 
are limited and the required hardware and quality control are 
expensive which means the technology and products are expen
sive. One of the most successful processes today was developed 
by Or J Benjamin at INCO Ltd., the mechanical alloying process 
(MAP). Properties of P/M ODS-alloys are studied intensively at 
Columbia University (Prof. Tien), MIT (Prof. N J Grant) and in 
Switzerland (Dr G N Gessinger) at BBC. 

Purpose of visit 

To present two papers at the 8th AIRAPT and 19th European 
High Pressure Research Group Conference, and 

to visit European laboratories working in high pressure 
physics. 

General impressions 

The Conference was well run, well attended and a very useful 
forum for exchanging ideas. Much work was reported on synthesis 
and structure of materials at high pressure and the use of the 
diamond anvil cell, together with properties of materials. A 
special session on calibration pointed to the difficulties of 
accurate pressure determination in the ultra-high pressure re
gion. 
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Laboratory visits confirmed that our laboratory is very competi
tive in our own speciality fields. Useful contact was made with 
the University of Umea for our development on thermal conducti
vity and the CNRS laboratory, Paris, in the use of the belt sys
tem in synthesis studies. 

E A Hecker 
Germany, Switzerland, the 
Netherlands, England 

September 1981 

Purpose of visit 

To obtain information on the latest developments with re
gard to infrared materials and their processing, stress-
free mounting of delicate optical components, manufactur
ing of aspherical surfaces and light-weight mirrors, and 
modern machines and measuring equipment. 

General Impressions 

Development in the optical industry is aimed at specialization. 
I t became apparent that even large, reputable firms do not ne
cessarily manufacture all optical components themselves, but 
rather sub-contract the work to smaller, specialized firms. 
Typical examples are evaporation of optical thin films and the 
production of aspherical lenses. 

In spite of the severe competition and str ict secrecy within the 
optical industry, i t was possible to obtain valuable information 
on certain aspects, for example, the stress-free mounting of de
licate and fragi le lenses, and the manufacturing process of as
pherical lenses. However, in the case of light-weight mirrors 
the information obtained was of a very general nature and no 
specific procedures were discussed. In the case of metal mir
rors the surfaces are diamond-milled to such a high degree of 
accuracy that conventional polishing is unnecessary. 

The number of infrared materials suitable for optical purposes 
is extremely limited as these materials must also be resistant 
to chemical and atmospheric influences. Among these are zinc 
selenide (ZnSe), zinc sulphide (ZnS) and chalcogenide glasses 
(such as IRG 100), the optical processing of which is rather 
d i f f i cu l t , but because of their favourable optical properties 
they ar' in general use. Samples of the abovementioned mat
erials were obtained and are at present being successfully 
processed in the Optical Workshop. 

G Held 

Switzerland, France, 
Germany, Austria 
August - September 1981 

Purpose of visit 

To attend and deliver a paper at the Third Scientific 
Assembly of the International Association of Meteorology 
and Atmospheric Physics (IAMAP) in Hamburg, Germany, 

to establish 
Europe, 

the status of weather modification in 
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to discuss the latest findings in the field of thunder
storm and hail research and the use of weather radars, 
especially Doppler radars, 

to determine the feasibility of employing a Lidar* or 
other plume tracking equipment for air pollution research 
in South Africa, and 

to deliver a seminar at the research department of the 
French Weather Bureau in Paris. 

General impressions 

Third Scientific Assembly of IAMAP 

The most significant progress within the field of weather, cli
mate and atmospheric research seems to be in NOWCASTING (short-
range weather forecasting). Data from a number of remote ra
dars, automatic weather stations and satellites are transmitted 
to a central processor and presented as a composite picture 
which is updated every 15 minutes. The feasibility of such a 
system in South Africa should be investigated. 

The importance of detailed case studies (and the partial lack of 
fundamental measurements such as airflow) has been generally re
cognized for thunderstorm research, modelling and weather modi
fication. Airflow measurements are regarded as absolutely es
sential for the understanding of the thunderstorm mechanism. It 
is therefore suggested that NPRL and NITR construct a multiple 
Doppler radar system as soon as possible. Results from case 
studies made by NPRL should be applied in collaboration with 
NRIMS to verify thunderstorm models. 

Hail and Thunderstorm Research 

(a) Radar application and data processing 

Experience in Europe has emphasized the need for frequent 
calibration of weather radar systems that are used for 
research projects and for strict quality control of the 
data. Such procedures should be adopted at the Houtkop-
pen Radar Facility. 

(b) Weather modification and field experiments 

The only scientifically conducted weather modification 
experiment in Europe at present is the Swiss Grossversuch 
IV. Even after extending the project to six years, insuf
ficient cases have been obtained to show whether or not 
hail can be suppressed using the Russian rocket method. 
It may be extended for another season (summer 1982). 

*Lidar: Laser radar 
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The HMO's precipitation enhancement project (PEP): Phase 
1 (three sumners) has been concluded and very valuable 
results on cloud physics and modelling Mere achieved. 
However, doubts are now raised about the suitability of 
clouds for seeding in the NW of Spain and another region 
may have to be chosen for Phase 2. 

Field experiments conducted by the National Heather 
Bureaus (France, Austria) concentrate on the relationship 
of crop damage and hail impact energy by means of dense 
hail pad/cube networks. Seeding operations, if at all, 
are undertaken by farmers' co-ops, using Agl generators 
(ground-based or mounted on aircraft for cloud base seed
ing) or small rockets. All these experiments have just 
started and are scheduled for five-year periods. 

Instrumentation for Air Pollution Measurements in SA 

Lidars have not yet reached the stage where they can easily be 
applied for routine measurements of, e.g. S0 2 or water vapour. 
A correlation spectrometer would be more feasible and much 
cheaper for plume studies than a Lidar system. Purchase of one 
is suggested. 

Purpose of visit 

To attend the XXIVth Cospar (Committee on Space Research) 
meeting and associated activities in Ottawa, present a 
paper at the Topical Meeting on Measurements of aerosols 
from space, and participate in the activities of Sub-
commission A, 

to investigate the suitability of various image proces
sing systems for local use, and 

to renew contact and exchange views with scientists in 
the field of remote sensing. 

General impressions 

There is a lively overseas interest in the results obtained by 
NPRL programs such as analysis of Nimbus-7 CZCS data (also other 
than aerosol radiance retrieval) the Heilbron crop Inventory ex
periment and the Landsat-based Antarctic photomaps. 

The future viability of high resolution satellite programs such 
as the Thematic Mapper and SPOT* is at present yery unclear. It 
would therefore seem unwise to invest large sums of money for 
these projects before more certainty exists about future devel
opments. 

*SP0T: French satellite 
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Valuable experience could, however, be gained in the mean time 
by acquiring simulated airborne data of local test sites, for 
example, by hiring an airborne instrument used overseas for sim
ulations for a short period. 

The ARIES-II image processing system of Dipix Systems Ltd. seems 
the most appropriate system for our present and foreseeable 
needs. 

P Meffert 

Denmark, the Netherlands, 
England 

January 1982 

Purpose of visit 

To attend the 30th International Technical Course presen
ted by the firm Bruel & Kjaer in Naerum, Denmark, 

to discuss the calibration of vibration transducers and 
microphones in Denmark, England and the Netherlands, 

to discuss the application of the? NPRL sound intensity 
meter in the Netherlands, and its possible manufacture in 
England, 

to investigate the determination of speech intelligibili
ty using an objective physical method in the Netherlands. 

General impressions 

There is an urgent need to establish facilities at the NPRL 'or 
the calibration of vibration transducers such as are found in 
laboratories abroad. 

The NPRL is also lacking in calibration facilities for micro
phones. The existing facilities are dated and not of a standard 
commensurate with those used abroad. 

There 1s substantial interest in the sound intensity meter de
veloped in the Physical Acoustics Division and serious consider
ation should be given to the manufacture of this instrument for 
sale to interested bodies abroad. 

A new method for the objective assessment of speech intelligibi
lity has been developed by the TNO in Soesterberg, the Nether
lands. Its application should be of considerable importance to 
various South African organizations and it is suggested that the 
Physical Acoustics Division acquire tne necessary instrumenta
tion and offer a service to outside users in the assessment of 
speech communication systems. 

A A Meintjes 

USA 

June 1982 

Purpose of visit 

Tc attend the 30th Power Sources Symposium which is held 
every two year', in Atlantic City, New Jersey, USA. 
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'Senera) Impressions 

The results of Government and industrial investigations in the 
power field are presented at the New Jersey conference. Valua
ble up-to-date information in the field of primary, secondary 
and reserve battery technology was provided during the conferen
ce presentations and subsequent discussions. 

Purpose of visit 

To present two papers at the Fall Meeting of the American 
Geophysical Union in San Francisco, and 

to visit several universities and research laboratories 
in connection with recent research in the fields of 
groundwater geophysics and geohydrology. 

General impressions 

The results of the Geophysics Division's combined deep resisti
vity and geomagnetic sounding programme presented at the meeting 
aroused much interest and favourable comment. 

At a special two-day session of Geophysics in Groundwater, va
rious geophysical techniques employed in the search and develop
ment of groundwater resources were discussed. Much research, 
especially on the physical characteristics of primary aquifers, 
e.g. grain size, amount of clay present, etc., is needed to ac
curately Tedict the hydraulic parameters of such aquifers from 
resistivity soundings and geophysical measurements in boreholes. 

The meeting also recognized the need for establishing terrains 
where geophysical instrumentation can be tested and the inter
pretations compared with known geological features. 

Recent advances in mathematical methodology in combination with 
powerful desk computers now makes it possible to study the ef
fects of two-dimensional subsurface bodies of various shapes, 
dipping interfaces and contacts on electrical soundings rapidly 
and accurately. 

The International Groundwater Modelling Center promotes research 
and the dissemination of information on groundwater flow and 
pollution migration problems on a worldwide basis. Computer 
programs simulating these conditions are available from this 
organization. 

Purpose of visit 

To present a paper at the 8th A1 RAPT and 19th European 
High Pressure Research Group Conference and to act as 
session chairman, and 
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to spend f ive months as v i s i t i ng professor at the College 
of Ceramics, Alfred University, Alfred NY to study cera
mics and automation of X-ray d i f f r ac t i on . 

General fapressions 

The determination of high pressure phase diagrams and the struc
ture of the various phases are important to a l l studies of mate
r i a l s under high pressures. Studies are undertaken in various 
high pressure laboratories on spectroscopy, dynamic pressures, 
NMR, synthesis, e lect r ic and magnetic properties, acoustic pro
perties measurement of activation volumes in organic reactions, 
electronic structure and mechanical studies. An important ap
p l icat ion of pressure in industry is in the hot isostat ic pres
sing (HIP) of ceramics. 

The College of Ceramics has various ac t i v i t ies in ceramic engi
neering, ceramic science, ceramic design and glass science, 
where studies are undertaken on rheology, s in ter ing, microstruc-
tu re , fracture compaction and various other aspects of ceramics 
and glasses. The development of computer programs for the auto
mation of X-ray diffractometers and data reduction routines is 
an aid to powder X-ray d i f f rac t ion studies. 

R Turner 

Europe, South America 

July - August 1981 

Purpose of visit 

To transport the national kilogram and a platinum resis
tance thermometer to the BIPM for ca l ib ra t ion, 

to discuss arrangements with a scient ist at the PTB (Ger
many) for assistance with AC/DC transfer measurements and 
for advice concerning a watt standard, 

to v i s i t certain BCS laboratories, 

• to make arrangements for the mutual acceptabil i ty of ca
l ibrat ions made by NCS laboratories and overseas cal ibra
t ion services, 

• to discuss the poss ib i l i t y of an agreement between the 
CSIR and INTI, Argentina, for the establishment of scien
t i f i c co-operation, and 

to obtain course material for the NCS's education pro
gramme. 

General impressions 

The reputation of the NPRL in several metrology laboratories 
around the world is good as a result of our achievements in ra-
diometry and '^ser s tab i l i za t ion . The NMS & M Division manages 
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with some 20 people to function with reasonable success in 
fields where comparable overseas laboratories have total staffs 
of 90 (Argentina) and 60 (Brazil). 

Information was obtained on force standards which indicated that 
the NM5 & M Division should set up a national standard for force 
based on load cells. 

The assistance of the PTB in the field of AT/DC transfer is 
available but must be exploited properly. The NMS & M Division 
needs more staff to be able to take full advantage of possibili
ties. 

With respect to recruiting staff from overseas some practical 
observations were made. University professors from the USA are 
available for periods of three months a year. Physics and en
gineering graduates in the UK and the USA still obtain jobs in 
spite of recession, but Argentina produces an excess of scien
tists and engineers. INTI would probably welcome the chance to 
send scientists to do research work in the NPRL. 

Some items of metrology equipment are no longer being made. The 
1 m interferometer which once cost R100 000 from Zeiss can now 
only be bought as a "special" for R500 000 if two or more cus
tomers order together. The NMS & M Division must consider build
ing its own instrument. 

Purpose of visit 

• To transport standard cells and resistors to the BIPM for 
calibration, 

to attend a symposium on Western European Metrology Co
operation in Turin, 

to discuss the characteristics of load cells and their 
calibration, 

to visit a BCS Force Laboratory, 

to look at the work of the Institute of Optics in Madrid, 

to visit the laboratories of the CRM in Liêge, and 

• to bring the national kilogram back from the BIPM. 

General Impressions 

For the NCS to be accepted by Western European countries it is 
necessary that representatives of European calibration services 
visit this country. The NCS must make available sufficient 
funds for this purpose. The CSIR Executive should be requested 
to actively support this initiative. 



Much uncertainty exists in the . eld of force measurements. Op
portunities are available for the NNS & N Division to perform 
original research and at the same time develop skills which are 
required for calibration work. 

The NMS ft M Division could profit considerably in the fields of 
temperature and AC/DC measurements from short visits by senior 
overseas scientists. Motivations in this regard have been sub
mitted. 

J C Vogel 

Australia and Israel 

August - September 1981 

Purpose of visit 

To attend the XHIth International Botanical Congress 
(IBC) in Sydney and deliver an invited lecture, 

to visit the Australian National University, Canberra 
(Schools for Pacific Studies, Earth Sciences and Biologi
cal Sciences), 

to attend the Vllth European Colloquium of Geochronology, 
Cosmochronology and Isotope Geology (ECOG) in Jerusalem 
and present a paper on our new method of dating peat, and 

to visit various departments and institutes where re
search related to our own activities is being conducted. 

General impressions 

It was gratifying to find that our model for explaining isotope 
discrimination in plants is now also accepted by plant physiolo
gists and that natural carbon isotope techniques are now being 
used for investigating various aspects of carbohydrate metabo
lism. A lecture given at the School for Biological Sciences of 
ANU on the physiological, phytogeographical and ecological ap
plications of natural 1 3 C was especially well received. 

The impression gained from visits to institutes at ANU and the 
University of Sydney is that Australia has managed to establish 
first rate research groups in various fields of the exact scien
ces. In contrast, I was forcibly made aware that our own equip
ment is becoming hopelessly outdated and that it will become in
creasingly difficult in future to maintain a competitive posi
tion. As far as stable Isotope research is concerned, the CSIR 
has recently assisted in establishing a modern facility at UCT 
so that this work can be continued there. 

The attendance of the ECOG meeting in Jerusalem provided an op
portunity to re-establish contact with workers in the field of 
Isotopes in geology. The established trend today is away from 
mere radiometric dating of rocks and towards the simultaneous 
application of both the radioactive and stable isotopes to the 
Investigation of the geochemical history of processes in the 
crust. 
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Scientific enquiry in Israel seems to be adversely affected by 
extreme competitiveness that is generated in the system and 
which has the effect of reducing co-operation between different 
groups. 

Purpose of visit 

To ascertain by discussion and visits the position in the US of 
the following with respect to power generation: 

Pollution control technology for combating gaseous and 
particulate matter emissions, 

methodologies arid instrumentation for determining the 
characteristics and environmental influences of power 
plant emissions, 

methods of upgrading existing pollution control equipment 

alternative emission control practices, and 

regulation, monitoring and enforcement of emission con
trol. 

6enera1 impressions 

The theory, design, operation and maintenance of bag-house and 
electrostatic precipitator (ESP) particulate matter control de
vices is well advanced and both can be effective in meeting 
stringent emission regulations. It would seem prudent to evalu
ate bag-house applications experimentally before wholesale in
stallation. Gas conditioning to enhance ESP efficiency could be 
successfully employed locally. 

Flue gas desulphurization (FGD) is unlikely to be a viable tech
nique for low sulphur SA coals. Coal beneficiation and emission 
regulation should rather be considered 1n areas of high S0 2 bur
den. The practice of continuous monitoring of major emissions 
for regulatory purposes and ambient concentration forecasting is 
to be recommended. 

Much effort is directed at monitoring and determining the ef
fects of resplrable particle fractions and acid aerosol forma
tion and deposition. Air pollution studies are largely directed 
at determining the total life cycle of pollutants and their dis
persion on a regional scale. Many multi-disciplinary, multi-
agency studies of this nature are being undertaken. New mathe
matical regional dispersion models incorporating principles 
established 1n field studies are currently being developed for 
widespread use (1n the UNAMAP suite). 



Mobile (airborne and ground) measurement platforms are now com
monly and very successfully employed in research programmes and 
remote pol lut ion sensing devices have become re l i ab le , compara
t i ve l y cheap and \iery e f fect ive. COSPEC is a par t icu lar ly use
fu l remote monitoring device. 

The US Clean Air Act is under review with important developments 
l i k e l y to be a relaxation of the S02 standard and implementation 
of a respirable par t ic le (< 10 um) f ract ion standard. 

Purpose of visit 

To represent South Afr ica at the Nimbus Experiment Team 
(NET) meeting and report our progress in the analysis of 
Nimbus-7 Coastal Zone Colour Scanner data, and 

to v i s i t other research ins t i tu t ions to obtain informa
t ion about algorithm development and atmospheric correc
t ion procedures. 

General impressions 

Members of the NET team were impressed with our resu l ts . I t ap
pears that the South African coastal water shows very similar 
opt ical properties to those of the coastal water of the USA. 
This means that most algorithms can be exchanged with only minor 
modif ications. 

After v i s i t i ng several image processing ins t i tu tes i t became ap
parent that the minimum screen resolution of an image processing 
system must be 512 x 512 pixels. Our 256 x 256 system should be 
upgraded and an electronic photographic system for the produc
t ion of high qual i ty images should be purchased. These f a c i l i 
t ies were available at a l l the image processing inst i tu tes 
v i s i t ed . 

During 1985-1987 a Coastal Zone Colour Sensor w i l l be placed on 
board one of the NOAA-satellites. Due to the success of the 
present Nimbus project, direct reception of th is planned sate l 
l i t e should be seriously considered to obtain real-t ime data. A 
routine real-t ime process exists, whereby optical sea data can 
be evaluated from sa te l l i t e data. South Afr ica could play a va
luable role due to her large variety of coastal water types pro
viding an excellent area for evaluation. 
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(with remarks on the site preference 
of cations) (15 June 1982). 
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resulting from ageing and plastic de
formation (23 July 1981). 
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A D D E N D A 

A l REVIEWS OF ACTIVITIES DURING THE PERIOD JULY1979*TO 
JUNE 1982 AND PROPOSED RESEARCH PROGRAMMES FOR THE 
NEXT THREE YEARS 

A l l ATMOSPHERIC SCIENCES 

Review of activities 

Introduction The activities of the Air Pollution Research Group (APRG) and 
the Atmospheric Physics Division were brought together within 
one division, the Atmospheric Sciences Division, with effect 
from 17 November 1980. This created a unit with interests in a 
wide variety of atmospheric processes. Micrometeorology, meso-
scale phenomena and synoptic aspects are covered, as well as at
mospheric chemistry and mathematical modelling. The research 
programmes of both former units have continued, unchanged in 
essentials. Some changes were necessary in order to fill gaps 
left by the demise or departure of three senior members of the 
APRG and to integrate selected activities. The activities of 
the APRG were last reviewed five years ago, in the 1976/77 An
nual Report of the NPRL. This included a comprehensive account 
of the functions and research objectives of the Group. The pre
sent air pollution studies are now, as before, directed towards 
determining the status of air pollution in South Africa and pro
viding factual information for control and planning authorities. 

The research programme of the Division covers topics as diverse 
as studies of hailstorms, the effects of weather on the perform
ance of cooling towers and the transport and dispersion of at
mospheric pollutants. A factor common to all of these is the 
stability of the atmosphere. Likewise there is common ground 
between other projects so that interchange of ideas between them 
is encouraged. 

Much of the work is sponsored by outside bodies, including var
ious government departments and industry. Two three-year con
tracts ended during the period under review. The air pollution 
research in the south-eastern Transvaal Highveld and at growth 
points which is supported by the Physical Planning Branch. Of
fice of the Prime Minister, was extended for a fourth year, un
til March 1983. The Water Research Commission extended its con
tract on cooling towers by nine months until October 1982. The 

•Review of the activities of the APRG covers the period 1 July 
1977 to the present due to administrative chanqes described 
above. 
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desirability of longer-term extensions is accepted by both bod
ies. It is important for planning purposes (recruiting of 
staff, purchase of expensive capital equipment) that continuity 
be guaranteed and it is hoped that present difficulties in this 
regard can be overcome. 

A number of new contracts have been entered into during the past 
18 months. These include dust monitoring for a mining group in 
Johannesburg, investigation of trace elements in industrial raw 
materials, occurrence of asbestos fibres in the air around an 
asbestos mine and investigations in connection with the intro
duction of alternative fuels. Contract work is important but it 
would seem advisable to increase the proportion of non-sponsored 
activities in order to maintain a strong body of broadly-based 
expertise so that the Division is able to undertake new problems 
with competence and without major disruption of ongoing activi
ties. 

Members of the Division have contributed to a number of inter
national conferences during the past few years. Papers were gi
ven on acoustic sounders, hailstorm characteristics, weather ra
dar research and air pollution studies. A local conference on 
thunderstorms and related studies was organized. 

The present major long-term objectives of the Division are: 

• to determine the concentration of various atmospheric 
pollutants and the factors that govern their transforma
tion, transport and dispersion so that planning and con
trol authorities can be provided with guidance, 

• to gain understanding of the processes that give rise to 
precipitation from convective clouds so that ultimately 
these might be controlled in a predictable manner, 

• to Investigate the effects of weather on the performance 
of dry-cooling towers so that their design may be opti
mized, 

• tc produce improved instrumentation for atmospheric mea
surements. 

Projects will now be reviewed under the same headings as for the 
yearly report. All projects will be covered for the last five 
years except "Hail and cloud physics" which is for the last 
three years. 

From the initial research work of the National Physical Research 
Laboratory into aspects of atmospheric pollution and, in parti
cular, Into the most common pollutants, smoke and sulphur diox
ide, a nation wide survey has developed which during the last 
five years has grown rapidly to comprise at present 135 sites 
situated in 32 cities and towns monitoring smoke and 92 sites 
and 21 cities monitoring SO?. The survey alms at determining 



the factors on which effective control measures may be based. 

The stations are mainly operated by local authorities and wher-
ever possible they each maintain several stations to cover the 
central business district, industrial areas, and the various 
residential areas. Standard equipment supplied by the CSIR is 
mostly used. In particular, an optical method developed here is 
strongly recommended for smoke measurement since gravimetric 
methods favoured by other countries often yield incorrect re
sults as particulate matter (dust) is so prevalent in many parts 
of South Africa. The Division advises local authorities, in
forms them of problems and publishes survey results. There is a 
strong need to maintain even closer liaison with local authori
ties than is possible at present to keep the results up to stan
dard. Equipment is often incorrectly sited, poorly maintained 
or wrongly set up. 

Reasons for yearly variations, seasonal and diurnal changes and 
differences between sites have been discussed in various pa
pers. Results of the past five years have confirmed that both 
smoke and S0 2 concentrations have decreased over most South 
African cities as smoke control regulations have been introduc
ed. This trend ha< been confirmed for Pretoria by the improve
ment in horizontal visibility. Present levels at all sites in 
the country are below the guidelines of the World Health Organi
zation while limits for smoke are exceeded only at sites where 
the ventilation potential is low or where large sources are 
nearúy or in residential areas where coal is the main fuel. 
Areas where the air quality needs to be improved have been drawn 
to the attention of the relevant authorities. 

The results of the national survey are in increasing demand by 
scientists modelling air pollution, industrialists, environment
al consultants and by township developers. 

Measurements were commenced in 1977 at Cape Point as part of an 
international programme to determine the impact of certain man-
made gases on the environment on a global scale. Monitoring 
started with two halocarbons (F-ll* and CC1 4) and CO. Ozone 
(O3) was next added to the list. Progress during the review 
period included the acquisition of an improved gas chromatograph 
so that the halocarbons could be measured continuously instead 
of once daily, and measurements of C0 2 and CH 4 were started this 
year. Improved ozone-measuring equipment was also put into 
operation recently. These six gases were chosen because of 
their importance in atmospheric chemical cycles or their pos
sible effect on the world climate. For example, F-ll has been 
banned from unessential uses in the northern hemisphere because 
it may cause depletion of stratospheric O3 and thence to an in
crease in ultraviolet radiation reaching the surface, while C0 2 

may bring about global warming as a result of its absorption of 

*F-11: CFCI3 or Freon-11 

149 



longwave radiation from the earth. 

Table 9 summarizes the reasons why these six gases were select
ed. All of them have anthropogenic sources, oirect or indirect. 

INFLUENCE ON 
ATMOSPHERIC 
PROCESSES 

TRACE SAS SPECIES INFLUENCE ON 
ATMOSPHERIC 
PROCESSES CO2 ov, Oa CO F-11 ecu 

Contributes to 
longwave opacity 
of the atmosphere 

X X X 

Destroys OH ra
dicals 

X X 

Destroys strato
spheric O3 

X X 

Precursor for 
tropospheric O3 
production 

X X 

Produces OH ra
dicals 

X 

Terminates CI-atom 
chains in strato
sphere 

X 

Office and laboratory facilities were acquired at the National 
Accelerator Centre in Faure and a link to the CDC computer in 
Pretoria was arranged. The permanent staff of two was supple
mented by a data analyst. These improvements to the project 
came into effect fairly recently. 

The work is being done in collaboration with the Max Planck In
stitute in Mainz which supplied much of the apparatus (for CO, 
CHi, and O3). It has progressed through the stage of only moni
toring to consideration of global atmospheric chemical cycles 
and the nature of sources and sinks. The past three years of 
data have revealed no annual increase of CO but seasonal fluctu
ations similar to those of the northern hemisphere; seasonal 
changes of O3; and steady increases of both F-11 and CCli,, the 
Increase of the latter being higher than that found by other 
workers. 

There are few reliable background monitoring stations, especial
ly 1n the southern hemisphere. Countries 1n the southern hemi
sphere are much less subject to the Influences of large regional 
pollution sources such as are found in the northern hemisphere. 



Another reason for the importance of measurements being made in 
the southern hemisphere is because of the high ratio of ocean to 
land (the reverse of the northern hemisphere) and it is in the 
ocean that biological activities may be found to cause changes 
in the balance of some, if not all, of the gases. The results 
obtained by the Cape Point station to date and its geographical 
location, coupled with the fact that insufficient data have been 
accumulated to permit reliable predictions about climatic ef
fects of pollutants to be made, make it important for the mea
surements there to continue. The Max Planck Institute is not 
only keen to extend activities at Cape Point but would also like 
a continental baseline station to be established in South 
Africa. 

Surveys of pollutants from motor vehicles in some of the major 
cities have been carried out under contract to the Department of 
Health. Regularity of surveys was influenced mainly by staff 
situations and the help offered by local authorities. 

A considerable body of knowledge was accumulated which indicated 
an increase over the years of N0 X and O3 concentrations while 
CO and HC lessened. Increases are especially of concern in Pre
toria where ambient air quality standards have been exceeded on 
occasion. 

It has been shown that in addition to the general increase in 
ozone concentrations, suburban areas also have a higher concen
tration compared to urban areas. During the winter of 1980 a 
survey in Durban indicated that the ozone concentrations closely 
approached standards at a suburban site. 

As it has now been established that ambient air quality stan
dards are beinq approached or even exceeded in certain cases, it 
has become important to expand the programme. Monitoring needs 
to be extended outside city centres since photochemically pro
duced substances, such as O3, may reach their maximum concentra
tions away from the source of the primary pollutants. Further
more, the situation is different in every city. Not even Pre
toria and Johannesburg, although close to each other, have the 
same pollution patterns. 

The objective is to accumulate sufficient data on each of our 
major cities to enable the authorities to make sound decisions 
ensuring the best solutions to our traffic pollutant problems in 
South Africa. 

Although there 1s enough information on hand to show that all is 
not well, no regulation of emissions could be justified at pre
sent. Money may be wasted or health may be impaired due to lack 
of information. The Department of Health has therefore proposed 
that more work should be done. Another reason for this proposal 
is that standard petrol fuel is being changed to a mixture of 
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alcohols and petrol and the effects of this change on pollution 
must be studied. Aldehyde concentrations are expected to rise 
which Mill increase the potential for photochemical smog forma
tion. 

(d) Trace elements Studies of airborne trace elements from natural and anthropoge
nic sources form a significant part of air pollution monitoring 
programmes in most industrially developed countries. The rea
sons for such studies are for example the desire to understand 
existing natural processes; the need to protect man and the en
vironment from the direct toxic effects of individual elements; 
and, the possibility of synergistic health effects and catalytic 
chemical effects. 

The Division's programme in this field started with a few samp
ling sites in 1975 which steadily increased. The study is con
ducted in collaboration with the Atomic Energy Board and covers 
22 urban, rural and industrial sites in SA. This is a long-term 
programme which will monitor pollution changes at permanent 
sampling sites and provide useful background data for compara
tive use in short-term studies of specific pollutant sources. 

The project to determine the extent to which pesticides are to 
be found in the atmosphere was started in 1979 because of a lack 
of information in this regard in spite of the large scale use of 
pesticides in aqriculture and industry. Most work that had been 
done was on pesticide residues in produce. Sophisticated analy
tical techniques had to be developed to deal with very low con
centrations. Measurements were started recently and results are 
given in this and the previous annual report. Indications are 
that concentrations are such that there is little cause for con
cern. Further measurements will be made in certain selected lo
calities where problems may occur. The emphasis of the project 
will probably be shifted from pesticides to organic air pol
lutants in general. 

In 1978 the Department of Planning requested an investigation of 
the Impact of air pollution due to industrial expansion in the 
south-eastern Transvaal Highveld. This reqlon is the site of 
major coalfields, it has relatively abundant water and it is im
portant agriculturally. Seven of South Africa's coal-fired power 
stations are located there as well as other heavy industries. 
Some 1380 tons of sulphur dioxide are being released into the 
atmosphere every day within an area of about 1400 km 2. Prac
tically all that was known at that time was that the region 
could be expected to have the highest potential for air pollu
tion problems 1n South Africa, based on general considerations 
of the topography and climate. The region 1s often poorly ven
tilated, especially durlnq the winter when little rain falls. 
Strong Inversions, weak winds and the high altitude make its 

(e) Pesticides in the 
atmosphere 

Micro— and itesometeoeologi-

cal Studies 
(a) Eastern Transvaal High-

veld 
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dispersion characteristics unlike any other heavily industria
lized region. 

The project developed relatively slowly as instrumentation had 
to be acquired and installed, but the tempo has increased, espe
cially since ESCOM began to participate actively. A network of 
eight surface anemometers and nine SO2 recorders was establish
ed. Their hourly readinqs were complemented by some 2000 tem
perature and wind soundings of the lower atmosphere using var
ious balloon systems. About 25 instrumented aircraft flights 
were made by ESCOM and sulphates and trace elements were measur
ed. The scope of the chemical measurements was broadened con
siderably when an ion chromatograph was acquired and time-con
suming wet chemical methods were no longer necessary. Work was 
also done on modelling of the airflow and pollution potential of 
the area. 

Results have been presented in a series of reports. Surface in
versions were found commonly to have a depth of 100 to 200 m and 
elevated inversions to occur at a mean height of 1700 m but 
diurnal, seasonal and regional variations are great. The winds 
are mainly easterly or northwesterly, but depending on the 
relative position of the anticyclone ridging in from the east 
and the interior trouqh, stagnant circulation can arise which 
can cause undesirable accumulation of pollutants, especially in 
the winter months. Ground-level concentrations of S0 2 are also 
^ery variable, but with the exception of the Grootpan area south 
of Witbank they are below international standards. Averages for 
the two-year period are between 4 and 8 ppb and peak values in 
excess of the international standards are rare. The high 
concentrations at Grootpan are thought to arise from low-level 
sources, probably smouldering coal dumps. 

There are still numerous questions to be answered. For example, 
it is not known to what extent the enormous amounts of emitted 
SO2 and N0 2 are converted to sulphates and nitrates and then de
posited in the area. There is a persistent haze, especially in 
winter, which may bring about climatic changes. The composition 
of the haze has not been established but contributors are almost 
certainly particulates directly emitted from the stacks and, 
more importantly, particulates formed by chemical changes of 
emitted gases. These points should not be ignored as they have 
serious implications with respect to health and to agriculture. 

A number of suggestions for efficient planninq in the region 
have resulted from the work done so far (see 2.2.1). Gaseous 
emissions from power stations are not controlled at present and 
recommendations for such control would need to be firmly based 
in view of the costs involved. For example, a 3600 MW power 
station with electrostatic precipitators now costs about R2 700 
million. This figure would be increased by at least 25 per cent 
if more stringent cleaning processes of effluents were speci
fied. 
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Location of new power stations away from the region resulting in 
the transportation of supplies over significant distances would 
incur even greater costs. Present-day knowledge is totally in
adequate for estimating the effect of air pollution on the agri
cultural sector. To plan future industrial development most 
economically but without endanqering the health of the popula
tion certainly requires further studies of the air pollution as
pects. 

The effects of climate and topography on the transport and dis
persal of pollutants were investigated for five sites in the 
Cape Province, three in the Transvaal and two in Natal. These 
involved extensive measurement programmes in some instances and 
simply making use of available data in others. Recommendations 
reqarding the suitability of the areas for location of industry 
and the siting of residential areas were made. Two investiga
tions involving wind and temperature measurements are under way 
at present. 

One recurring problem is that surveys of this nature are often 
requested at short notice and results are required soon. It 
would be highly desirable to start collecting climatological 
data at the various known potential growth points well in ad
vance. This is not possible within the present contractual 
agreement. 

The scarcity of water on the Highveld has forced the utilization 
of dry-cooling systems at power stations to dispose of waste 
heat directly into the atmosphere. However, these dry systems 
are inherently less efficient than their wet counterparts. Also 
the exact workings of the dry-cooling systems in their atmos
pheric environment is not completely understood. The Water Re
search Commission contracted the Division to study the interac
tions of dry-cooling systems with their atmospheric environment, 
in conjunction with ESCOM, with a view to optimizing operating 
parameters. Initial emphasis was given to the study of the dry-
cooling system operating under nocturnal temperature inversion 
conditions. 

Work was started to study the effects of atmospheric conditions 
on the operation of one of the only two dry-cooling towers in 
South Africa at the Grootvlei Power Station. It was agreed that 
the CSIR would measure atmospheric parameters outside the tower, 
and ESCOM would measure relevant parameters inside the tower. 
Once an appropriate data base has been collected, analysis of 
the data will proceed to determine operating characteristics of 
dry-cooling systems 1n the South African Highveld environment. 
Appropriate theoretical models will be fitted to the data with 
assistance of overseas workers who already have considerable ex
perience with cooling systems. This work 1s expected to take at 
least until the end of 1986. 



Apart from studying the dry-cooling system at Grootvlei Power 
Station directly, an opportunity has become available to study 
the effects of the dissipated heat on the atmospheric environ
ment. Ellisras, is a virgin site where the world's largest dry-
cooling system at 3600 MW is being constructed. This provides a 
unique opportunity to study the atmospheric thermal pollution 
caused by a power station. Measurements on the temperature and 
wind have already started and it is anticipated that measure
ments will continue until after the station has been commission
ed, about 1990. Already, from the preliminary data, information 
relevant to the construction of the power station has been glean 
ed, and measurements will continue so that some more definite 
conclusions can be made. Further information is provided in the 
report for 1981/82. 

The contract for this research was commenced three and a half 
years ago and it is due to be renegotiated later this year. In
formation on the effects of atmospheric conditions on dry-cool
ing systems is hardly available from elsewhere as there are so 
few such systems in operation anywhere. Results from other 
countries would in any event be of limited applicability because 
of different climatic conditions. 

This project has progressed little beyond the data recording 
stage so that there is nothing significant to add to the annual 
report. 

A long-term aim of theoretical studies of the transport and dis
persion of pollutants is to be able to predict the behaviour of 
plumes and the concentrations of pollutants at any point from 
various sources under a variety of meteorological and topogra
phical conditions. This would enable results from one region to 
be transferred effectively to another. Work over the past five 
years has proceeded along various lines including the testing of 
multi-source models. Ongoing work on a windflow model was star
ted three years ago. 

These theoretical studies were firstly aimed at gaining famili
arity with the equations governing fluid flow to be able to ap
ply them with understanding to processes in the atmosphere. 
Work was then commenced on a model describing air flow resulting 
from surface cooling over complex terrain. This model is more 
general than those that are available and was later further gen
eralized to be able to account for land and sea breezes. Initi
ally, the model equations were solved in a fully numerical way, 
but difficulties that were encountered forced a change of ap
proach. At present an attempt is being made to solve the equa
tions using physically acceptable temperature and wind pro
files. This approach lessens the deqree of complexity of the 
numerical procedures. 
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J A study was made of the dependence of plume rise on stack and 
weather parameters to be able to apply a model to pollutant dis
persion in industrial problems. A computer program was written 
which estimates pollutant concentration in the vicinity of a 
single source. The program is able to handle fumigation, multi
ple reflections and complex topography, in addition to the usual 
simple dispersion situations. 

The expertise that has been acquired in the field of theoretical 
boundary layer studies was applied to solve a number of indus
trial problems. 

dood ftoysicB and Ball Research on cloud physics was started in the NPRL many years ago 
on a very modest scale. It expanded slowly and an interest in 
hailstones and hailstorms developed. The structures of hail
stones were studied, a hailreporting network was established and 
storm structures were investigated by means of a weather radar. 
These activities have continued during the past three years, 
with some changes in emphasis. The hail network is denser than 
any other and only one, in Canada, has been maintained for long
er. Attempts throughout the world to suppress hail have practi
cally all been disappointing. Further understanding is evident
ly needed before the effects of cloud seeding will be predicta
ble. Research is therefore continuing here and in other coun
tries. Hail causes about R100 million's worth of damage to 
crops in South Africa every year on average. This creates a 
strong incentive for these studies. 

(a) Surface networks: hail 
climatoloqy and hail-
fall energy 

The research programme that was proposed three years ago was 
mainly followed. Many and various storms were studied in depth 
and certain significant differences between our storms and those 
in the northern hemisphere were brought to light. More needs to 
be known about the occurrence of severe storms. One severe 
storm during the review period produced the largest hailstone 
yet collected from the network. It was apple-shaped, knobbly, 
with a mass of 95 g and must have landed at about 110 km h _ 1 . 

Developments that took place during the review period were: 
• slowing down of research on the quantitative interpreta

tion of hailstone structures 
• considerable effort directed towards developing quantita

tive methods of hailfall measurements, 
• use of recently developed numerical methods of radar data 

processing for tracking storms and extracting climato-
logical statistics, 

• further laboratory investigations of the ice phase, and 
• creation of various networks of hailpads. 

Hail climatoloqical data collection was continued. This informa
tion from the Precorla-Witwatersrand network of voluntary obser
vers is the most detailed available. It is used by farmers, in
surance brokers, architects and engineers, and would be indis
pensable for planning and evaluating a hall suppression experi
ment. The climatology of severe storms can be built up only 
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J slowly because of their relative rarity. Their importance can
not be underrated because a few severe storms can cause most of 
the hail damage. 

Three networks of hail-measuring instruments were established in 
Pretoria so that hailfall characteristics can be quantified. 
Further information is given about them in the Annual Report. 
One noteworthy feature is that the networks are run by about a 
tenth of the personnel normally considered to be necessary. 
This is because most of the NPRL hailpads are deployed on the 
CSIR campus or are located in the gardens of CSIR employees who 
then look after them. The most important measurement, namely 
kinetic energy density, can be made very rapidly using a novel 
immersion technique that was developed here. The networks have 
enabled quantitative comparisons to be made between hailstorms 
here and those in Canada and Switzerland. They have revealed 
details of surface hailfall patterns not hitherto possible to 
resolve. 

Collaboration with a crop insurance company has led to the plan
ning of a country-wide network of hailpads. It is also gratify
ing that this company wishes to make use of hailpads and our ex
pertise for relating hail damage to crops to hailfall intensity. 

(b) Weather radar studies Morphological studies of various thunderstorms were completed. 
The earlier conclusion that a conventional radar can not dis
criminate between hailstorms and storms that produce rain only 
was reinforced. The key variable not presently being measured 
is the airflow. As a step towards overcoming this, the Mitsubi
shi weather radar was converted to operate in the Doppler mode, 
with the active collaboration of NITR. Efforts to obtain addi
tional Doppler radars were unsuccessful!. 

Considerable effort went into computer processing of the digi
tized video data. This has progressed to the stage where hori
zontal and vertical sections can be plotted routinely, indivi
dual storms can be tracked and storm climatological data can be 
extracted. Programs were also written to process the Doppler 
data. Some pograms proved to be useful for other purposes as 
well, for example, with some adaptation, they have been used for 
plotting hailfall characteristics. The ability to process video 
data automatically means that far more can now be extracted than 
before. Manual methods limited the tracking of storms to a few 
selected cases. Now, every storm on record can be tracked if so 
required. 

(c) Micr0phy3i.cs of pre
cipitation 

After publication of a theory developed to show that electric 
fields can bring about enhanced condensation of water vapour, 
all work on atmospheric electricity was temporarily shelved in 
favour of other activities. In particular, effort was concen
trated on the quantitative measurement of haiIfalIs. 

157 

http://Micr0phy3i.cs


Research on the interpretation of hailstone structures was con
fined mainly to the investigation of embryos. Remarkable dif
ferences from storm to storm and from day to day make any gen
eralizations of doubtful value. It is of fundamental importance 
to establish the conditions that lead to a preponderance of em
bryos being frozen drops since such cases appear to be the most 
amenable to seeding designed to suppress hail. Significant dif
ferences seem to have been found between findings on the High-
veld and those of the Lowveld or for other countries. 

The determination of growth trajectories is time-consuming but 
rewarding. However, it is felt that extensive work along these 
lines should best wait until time-resolved specimens can be ana
lysed and results related to airflow patterns in the clouds. 

A series of experiments as outlined in the report for 1981/82 
connected with the detection of seeding signatures in clouds 
were performed In the cold laboratory. 

Instrumental ltedmiquee Three development projects were commenced. The first was to de
velop a meteorological data logger which resulted in a novel 
seven-channel unit. It is a relatively simple system which is 
capable of recording one month of data before the batteries need 
to be changed. Some 20 have been deployed in the field record
ing winds and temperatures. Various faults have come to light 
but the system shows promise of being more reliable and cheaper 
than commercially available units that incorporate a micropro
cessor. 

Another project was the construction of acoustic sounders for 
recording the height of temperature inversions. The next step 
will be to use a group of sounders in the Ooppler mode, which 
will be able to determine winds of up to several hundred metres 
above the ground. 

The third instrumentation project has been to adapt small Dop-
pler radars of the type used in communications systems and speed 
traps to record the size distribution and area! density of hall-
stones. The objective was to develop a relatively cheap recor
der which would give time resolution. Many years of experience 
here and elsewhere have shown that unless a considerable network 
of hail-recorders 1s used, data are obtained so slowly as to be 
of very limited value. Since the recorders must therefore be 
cheap, simple cassette recorders have been used to capture the 
audio-frequency output of the radars. This 1s then digitized 
and a Fourier analysis provides the frequency spectrum which is 
related to the size distribution. Extensive laboratory tests 
were followed by field trials Involving seven units. Relatively 
few hall falls have been experienced by them and most have been 
light hall which Is difficult to distinguish from rain. 

The work on this project has emphasized tne fact that suitable 
Instruments should be purchased whenever possible, no matter how 
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expensive they appear to be. Contracts should not, if possible, 
be undertaken if their fulfilment is dependent on development of 
suitable instrumentation. There is much scope for useful re
search in the development of improved instrumentation for atmos
pheric measurements. This should be strongly encouraged but it 
should be carried out independently of other projects. 
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Proposed Research Progran 
for the Next three Years 

D v d S Roos, Aspekte van die groei en dinamika van hael-
stene, Ph.D. tesis, Universiteit van Suid-Afrika (1978). 
R 6 Von Gogh, The wintertime nocturnal temperature structure 
over Johannesburg and Pretoria. M.Sc. thesis. University of 
Witwatersrand (1980). 

General objective 

Specific objectives 1961/84 
Itonitorinq of substances in 
the atmosphere 
(a) National survey of 

smoke and sulphur 
dioxide 

Research will be continued on atmospheric physical and chemical 
processes to fulfil contractual obligations and to work towards 
longer-term objectives such as being able to predict reliably 
the behaviour of convective clouds and the transport and diffu
sion of atmospheric pollutants and their effect on climate. Re
search in the general field of atmospheric sciences will enable 
us to maintain a body of expertise able to advise planning and 
control authorities and to undertake effectively the new pro
blems that will inevitably arise as a result of industrial 
growth and a shortage of water in South Africa. 

For the next three years efforts will have to be concen
trated on 

• extension of the national survey to towns which do not 
yet monitor, but are developing industrial areas; 

• assisting towns in setting up suitable monitoring sta
tions; 

• continuing the calibration tests for determining conver
sion factors and deriving mass concentrations of smoke in 
industrial areas; and 

• evolving a method of analysis for filter media on which 
carbonaceous particulates and natural dust are collected. 

(b) Background monitoring 
at Cape Point 

The Intention is to obtain reliable hourly values over 
the next three years of the selected trace gases under "clean-
air" conditions. The data will be used to predict global trends, 
to make budget calculations and to elucidate chemical reac
tions. It is hoped to supplement the present measurements at 
Cape Point by measurements in clean continental air environ
ments. A continental baseline station will be feasible only if 
financial support is given, a suitable technician can be found 
and a satisfactory site can be selected. 

1982/83: 

Installation of an anemometer at Cape Point. 
Installation of data loggers provided by the Max Planck 
Institute for their CO, CHi, and 0 3 Instruments. 
Sending of air samples to Germany and the USA on a month
ly basis. 
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• Determination of CH 31 flux from ocean kelp beds to the 
atmosphere. 

1983/84: 

• Establishing a continental baseline station. 
• Determination of atmospheric source strenqth of CH,, emis

sions from RSA mines. 
• Installation of N2O apparatus at Cape Point. 
• Daily CH 20 measurements. 

1984/85: 

• Equipping continental baseline station with N 20, CO, CH, 
and O3 monitors as well as an anemometer. 

• Acquisition of a 6C/ECD system to permit analysis of 
flask samples for N2O, CO2, CO and selected halocarbons. 

• Trace gas measurements aboard aircraft to obtain lateral 
and vertical profiles. 

1982/83: 

• A gas chromatograph for the study of emitted aldehydes 
may become available. 
Surveys will include suburban areas. 

1983/84: 

• Update and expand our monitoring system. Two more mobile 
laboratories will be acquired if additional assistance of 
local authorities can be enlisted. This expansion will 
be subject to obtaining additional financial support from 
the Department of Health. 

1984/85: 

• Further expand and take into use a data logging system, a 
playback facility and a computer for processing the re
sults. 

For the next three years work will concentrate on the following: 

• Maintaining and perhaps slightly extending the existing 
network of fixed sampling sites. 

• Expandinq the ability to make short-term studies, either 
for research or contract purposes. This should include 
analysis of different size fractions, time resolution of 
about two hours, simultaneous information on other pollu
tants, and more sophisticated data processing. 
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(e) Ion chromatography The newly bought ion chromatograph will be used for the follow
ing studies: 

• Determination of sulphate, nitrate and other anions in 
the air of electric power generating areas such as the 
eastern Transvaal. 

• Appplication of selective loaded filters and denuder 
methods to measure free acids such as nitric and sulphur
ic in the air. 

• Measurement of ammonia in the air and the processes of 
neutralization of acidic aerosols. 

• The liberation of anions such as chloride, fluoride and 
phosphate by specific industrial sources. The relation 
between the free gases and their anions, e.g. chlorine 
and chloride in ambient air. 

• The use of the above analytical methods for contract stu
dies. 

• Measurement of anions in unpolluted areas in South Africa 
to determine the natural background concentrations of 
ions in the air of South Africa. 

(f) Organic pollutants 
OC/MS • Bring into optimum use the new mass spectrometer data 

system with its sophisticated spectral library search 
routines. 

• Reduce the size of the sampling system to make its scale 
match the instrumental analytical sensitivity. This will 
increase the range of sampling sites that is accessible. 

• Bring into use a wider range of sampling substrates so 
that classes of organic compounds not previously inves
tigated can be studied. 

• Use the new data system to consolidate the studies al
ready done on hydrocarbons from motor exhausts. Study 
organic traffic pollutants in all major SA cities. 

• Apply the improved facility to assist studies on pesti
cides and alcohols in fuels. 

(q) Pesticides in the 
atmosphere Present indications are that pesticide concentrations in the at

mosphere are not much cause for concern. There may be some pro
blem regions and these will be sought. It seems likely that 
during the next three years the research on pesticides will be 
reduced and more effort will be devoted to the occurrence in the 
air of organic substances in general. There are several locali
ties where the Department of Health would like to see sampling 
carried out to establish what organic substances are to be 
found. The following are envisaged: 

analysis of pesticides collected by personal samplers 
attached to workers who operate ground sprayers; 
measurement of pesticides after aerial spraying In rela
tion to weather conditions; 
sampling 1n regions not hitherto attempted. 
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•J 
Micro- and ItescBetftorologi— 
cal Studies 

(a) Eastern Transvaal High- Subject to further funds being made available: 
veld 

• Continuation of wind and S02 measurements at the existing 
8 and 9 stations respectively to improve the data base 
for climatological studies (1982/85). 

• Expand the existing network in collaboration with ESCOM 
by installing 26 automatic recording stations which tele
meter the data to a central processor (1982/83). 

• To continue with temperature and wind soundings on a more 
regular basis throughout the year and during selected 
periods continuously throughout the day. This will pro
vide more detailed information on seasonal and diurnal 
variation of wind and temperature profiles (1982/85). 

• To study the interaction between mesoscale and synoptic 
scale weather patterns and its impact on the dispersion 
of pollutants (1982/85). As a start case studies of 
periods with low and high pollution levels will be made 
(1982/83). 

• Use continuously updated data bases as input for numeri
cal models so that they provide meaningful answers for 
planning of possible new sites for power stations (1982/ 
85). 

• To expand the chemical measurement programme in order to 
obtain a better seasonal variation of pollutants and more 
detailed (and reliable) analysis of anions and trace ele
ments (1982/85). 

• To improve our knowledqe on conversion processes of SO^ 
to SOi, and dry deposition. 

• To attempt a survey of smouldering coal dumps and to ob
tain a reliable estimate of their contribution to SO2 
levels in the area (1983/84). 

• To study the dimensions and behaviour of plumes on the 
basis of data collected during research flights and 
ground observations, if suitable instrumentation can be 
purchased (1982/85). 

• To study physical and chemical properties of haze (1982/ 
85) and to measure the visibility if a suitable instru
ment can be purchased. 

• To study the results from the MRI instrumented aircraft 
1982/83) and to improve in collaboration with ESCOM the 
instrumentation on their aircraft and undertake as many 
research flights as possible (1982/85). 

• To study the escarpment breeze and its possible effects 
on the dispersion mechanism in the eastern Transvaal 
Highveld (1982/83 - 1983/84, subject to CSP funds). 

• To study the airflow in the immediate vicinity of a power 
station complex (Kriel) and its possible impact on local 
climate (1983/84, subject to CSP funds). 

I 

165 



(b) Growth points The two studies presently under way will be completed. Other 
tasks will be undertaken as requested. 

(c) Performance of coolinq The contract for this project expires at the end of 1982. 
towers Should it be renewed, work for the next three years will In

clude: 
• Collection of data pertaining to the operation at number 

6 cooling tower at Grootvlei Power Station for at least 
one full year thereby encompassing the four seasons. 

• Analysis of these data obtained at Grootvlei, In conjunc
tion with ESCOM. 

• Continued monitoring of thermal pollution at Elllsras un
til a few years after the Matlmba Power Station has been 
commissioned. 

(d) Dust monitoring in Continuation of measuring winds around the mine dumps In the 
Johannesburg Crown Mines region will be necessary until all dumps have been 

re-processed. Hinds will be correlated with dust measurements 
being n.ade by the Nuclear Physics Research Unit of the Univer
sity of the Witwatersrand. Measurement sites may have to be 
changed from time to time as individual dumps are worked out. 

theoretical Boundary Layer The following are proposed to be urJertaken. 
Studies 

• Application of the two-dimensional wind field model to 
the case of differential surface temperature. This will 
be possible only if the present model is successful. 

• Extension of the model to the three-dimensional case. 
This will first require a breakthrough as regards de
scription of the wind a«d temperature profiles. The com
plexity increases by an order of magnitude for the three-
dimensional problem. The services of a competent com
puter programmer will be essential. 

• A theoretical study of the diurnal evolution of the plan
etary boundary layer to be able to predict the turbulence 
structure. The horizontal and vertical spread of pollu
tant plumes can be inferred from the turbulence structure 
and these can be used to predict pollutant dispersal. 
This will first require a lengthy literature survey. 

• Ad hoc theoretical problems. 

Cloud Physics and Bail 
(a) Ratar * Gather data on thunderstorms and exploit Doppler capabi

l i t ies. 
• Complement 2D windfield results with data from hopefully 

other Doppler radars. 
• Consolidate results of airflow in clouds. 
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J 
(b) Numerical analysis Develop, improve and apply programs and numerical tech

niques for processing radar and other data. 

(c) Hailpad networks Maintain three experimental networks in Pretoria and in
terpret results 
Erect a nation-wide network and another one for correlat
ing hailfall features with crop damage. 

(d) Observers' network Maintain the network (2800 km2) and process data. 
Launch a canvassing campaign to increase number of ob
servers. 

(e) Hailstone analysis Concentrate on time resolved specimens and others from 
along hailswaths for investigations, especially of em
bryos. 
Take up deuterium measurements again (in collaboration 
with Natural Isotopes Division). 

(f) Microphysics Investigate droplet behaviour, riming, ice multiplication 
and hail embryo development. 
Correlate results with in-cloud measurements done by out
side collaborators. 

(g) Lightning/precipitation Commence with further investigations of the relationship 
between lightning and precipitation, especially hai l , by 
correlating results from a'l-sky cameras with those from 
abovementioned networks and radar. 

i 
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h 1.2 OBOCHBONOQDCT 

Introduction Radiometric age dating based on the decay systems of uranium-
lead and rubidium-strontium has developed into an immensely 
powerful analytical tool in the correlation and delineation of 
geological data and provinces. The increasing demand for addi
tional mineral resources has given renewed emphasis to the un
ravel linq of geological successions that have hitherto defied 
interpretation following conventional geological procedures. 

Analytical procedures comprisinq both the uranium-lead and 
rubidium-strontium decay schemes have been successfully applied 
to a variety of geoloqical problems obscuring the identification 
of stratigraphic successions and hence the prediction of poten
tial mineral resources. 

During the past three years the application of uranium-lead qeo-
chronology shed new light on possible mineral resources both in 
the north-west Cape area of the Nababeep District and in north
ern Natal. 

Radiometric age dating on behalf of or in co-operation with geo
logists from the Geological Surveys of South and South West 
Africa and South African universities continues to play an in
creasing role in the geoloqical mapping of the sub-continent. 

Uraniun-lead isotopic stu
dies of the Mawnjiifilanrt . 
granulites 

In previous isotopic studies a number of clearly defined geo-
chronological events have been identified in the Nababeep Dis
trict. Rubidium-strontium age dating ranged from 1 213 + 22 
m.y.1 for a metamorphic suite of quartzofelspathic* gneiss to 
1 173 ± 33 m.y. for the Concordia Granite Gneiss and the 
Rietberg Granite. Mafic bodies variously referred to as 
noritoids**, cut the entire metamorphic and granitic sequence2 

1 ,2 the and zircons have yielded a U-Pb aqe of 1 100 m.y. 
aqe of the emplacement of the noritoid suite. In addition, U-Pb 
ages of 1 000 m.y. given by zircons from certain granitic 
rocks are consistent with the Rb-Sr and U-Pb ages of minerals 
from pegmatites elsewhere in Namaqualana*. 

Investigations have concentrated largely on studies of the U-Pb 
geochronoloqy of zircons from (a) two-pyroxene+ granulites; 
(b) cordierite-orthopyroxene rocks and (c) granite-cordier-
ite + + rock. 

•quartzofelspathic: 

**noritoids: 
"•"pyroxene; 

"""cordierite: 

rocks rich in granular minerals, quartz 
and felspar with a planar fabric 
a particular basic rock type 
a mineral group containing mainly Mq, Fe, 
Ca and Na 
common mineral of metamorphic rocks 
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(i) Lead isotopic data from the two-pyroxene granulite clear
ly illustrates that the zircon chronology did not remain 
a closed system but defines a chord indicating a lower 
intercept at 500 m.y. and an age of 1 160 m.y. which is 
consistent with the 1 213 ± 22 m.y. given by the asso
ciated quartzfelspathic gneiss and granulites*. In con
trast, it was noted previously that the Rb-Sr whole rock 
data points for some of the two-pyroxene granulites are 
scattered with regard to the isochron indicating that 
they were not completely isotopically homogenized with 
the enclosing rocks. 

(ii) All of the cordierite-orthopyroxene** rocks contain 
rounded zircons which contrasts markedly in their morpho
logy with the zircons from the two-pyroxene granulites. 
For one sample in the Nababeep Mine, zircons attain the 
status of a minor constituent, clearly supporting a meta-
sedimentary origin for the rock. If results of the U-Pb 
isotopic study of the composite and size fractions of 
zircons from the latter are plotted on a conventional 
concordiagram, the upper intersect age of 1 200 m.y. is 
consistent with the age given by the zircons from the 
two-pyroxene granulites. 

Although there is generally consistency in the age pattern 
yielded by zircons from cordierite-orthopyroxene rocks 1 100, 
1 200 and 1 300 m.y., the composite, size, magnetic and non-mag
netic fractions from zircon from the horizon of sappherine+-
cordierite-bronzite, and cordierite-bronzite rock to the south
east of Nababeep clearly record an earlier event (or events) of 
the zircon crystallization or recrystallization. 

The U-Pb data show such strong patterns of discordance and wide 
scatter of data points that their interpretation in terms of a 
simple single event defied repeated attempts. Indeed, were it 
not for the fact that all of these zircons are from a single 
horizon never more than 1,5 m thick, the apparent alignment of 
the data points might traditionally be interpreted in terms of 
lead loss from c. 1 600 m.y. and 1 700 m.y. old zircons. 

A variety of zircon from the cordierite-bronzite-anthophyl-
lite + + quartz rock, yield similar scatter of data points clus-

•granulites: a metamorphic rock composed of even-
sized interlocking minerals formed at 
hlqh temperatures 

**orthopyroxene: mineral group - general form AB Si 20 6 

where A is chiefly Mg, Fe, Ca and Na, 
and B is Mg, Fe, and Al 

+sappherine: reference to blue-green quality co
rundum or any colour except red 

++anthophyllite: most important of common rock forming 
minerals 
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and plot between the reference Pb-diffusion curves for 1 500 
m.y. and 1 700 m.y. old zircons. 

The garnet-cordierite rocks at Komaggas include two parageneses: 
A prograde* assemblage bearing sillimanite with associated cor-
dierite-orthopyroxene rock and a retrograde assemblage contain
ing kyanite**. Of these, zircon from cordierite-orthopyroxene 
rocks shows a much greater degree of discordance than any other 
sample analysed in this programme. Nevertheless, relevant Con
cordia intercepts either coincide with those above or are sub
stantiated by K-Ar ages on biotite from the same rock. 

Prior to this study, a number of isotopic events had been recog
nized in the Nababeep District at 1 000 m.y., 1 100 m.y., 1 170 
m.y. and 1 210 m.y. ago. Amongst these, the more youthful 1 
events of pegmatite emplacement (c. 900 - 1 000 m.y. ago) and 
emplacement of the cupriferous rocks of the noritoid suite 
(1 100 m.y. ago) fa l l outside the scope of this project. The 
other events, of met amor ph ism (1 210 m.y. ago) and syntectonic 
and post-tectonic plutonism (1 170 m.y. ago), both have a direct 
bearing on the interpretation of the new zircon data presented 
in this work. In particular, the 1 200 m.y. event is recorded 
in zircons from the cordierite-orthopyroxene rocks and from two-
pyroxene granulites. The lower intercept age of 500 ± 50 m.y. 
is most readily understood in terms of a Cambrian episode of 
lead loss and compares favourably with that of the Damaran orog-
enic episode that is now well established in South West Africa, 
and which affected the coastal strip of Namaqualand to the west 
of the Nababeep Dist r ic t 5 . 

Careful interpretation of the isotope data in the light of all 
relevant information favours the conclusion that the antique 
zircon ages above, reflect inherited ages of the source mate
rials from which the premetamorphic sedimentary sequence was 
derived; and that the overgrowths so often observed on these 
zircons probably represent new crystallization during granulite 
facies metamorphism 1 200 m.y. ago. 

These and other data, including regional stratigraphy, structure 
and mineraliza'tion, reveal certain analogies between the Gren-
v i l le and Namaqualand including -

( i ) the presence of a crystalline basement of 1400 m.y.; de
position of a sedimentary or volcano-sedimentary sequence 
of the Bushmanland Sequence in Namaqualand and the Gren-
vi l le Supergroup in North America 1 200 - 1 450 m.y. ago; 

•prograde: increasing metamorphic grade i .e . 
temperature 

**kyanite: a mineral Al z Si0 5 
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(ii) the main phase of the Kibaran Orogeny and Metamorphism in 
Namaqualand 1 170 - 1 210 m.y. ago and of the Grenville 
Orogeny 1 120 - 1 170 m.y. ago in the Grenville Province; 
and 

(iii) imprint of virtually identical coherent K-Ar and Rb-Sr 
numerical age patterns of 900 - 1 100 m.y. reflecting 
cooling or heating and/or uplift. 

In conclusion, if these and other speculations on the Namaqua
land and Grenville Provinces, including significant differences, 
are valid, they carry a particular challenge in -

(i) the search for certain base metal deposits in amphibolite 
facies terrains of the Grenville Supergroup and for 
transgressive late-tectonic cupriferous ore-bodies in 
granulite terrains within the Grenville Province of North 
America, and 

(ii) the search for uranium along the contact between the 
Bushmanland Sequence and its underlying basement in 
Southern Africa. 

Radiometric age dating of minerals from the Damara System ranges 
from 600 m.y. 6 c vering an area of more than 74 000 km 2, total 
rock isochron ages from 651 ± 20 m.y. 8 to 458 ± 8 m.y.3. In 
fact, careful mapping in central SWA has indicated that struc
tural relations in these parts were more complicated than ini
tially envisaged 

Extensive field work preceded age dating of the Omangambo and 
Otjozondjou plutons. Zircons from quartz-monsonite* from the 
latter yielded an age of 546 ± 30 m.y. Uranium concentrations 
ranging from 390 to 1 520 parts per million for zircons from the 
Omangambo pluton may account for a grossly discordant age of 589 
i 30 m.y., so much so that these two plutons should be regarded 
to be of similar age. 

The norhtern block of lower grade, less-deformed meta sedimen
tary rocks has in fact been intruded by "older" Damaran gra
nites, thus providing a transitional zone between the Central 
Zone and northern Platform on which the Otavi Group was deposit
ed. The Omangambo is the most northern Pamara granite, the only 
other red granite, namely the Sorris-Sorris granite, being in
trusive into the Omangambo pluton. 

The Naauwpoort Formation (SWA) of the Summas Mountains is of 
volcanic origin and divided into an Upper and Lower portion, the 

*monsonite: granular plutonic rock - intermediate 
between syenite and diorite 
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latter being upper-Nossib in age ' ; the upper part inter-
layered with carbonates of the Swakop Group resting on top of 
the Naauwpoort Formation. 

The Naa'jwpoort volcanics resemble alkaline rhyolites 70 km 
apart, a potassium-rich member of the Summas Mountains and a 
sodium-rich variety west of Khorigas. The Lower Naauwpoort For
mation, essentially ignimbritic, also contains massive grey 
quartz-felspar porphyries from which zircon was separated for 
age dating. These displayed wide variation in colour, were void 
of zoning or overgrowths, but displayed a variety of inclu
sions. Discordiagram-ages vary from 750 ± 65 m.y. to 728 ± 40 
m.y. for zircon from the brown and grey varieties of the por
phyry, respectively. An age of 740 m.y. 9 for the Lofdal nephe-
line syenite* not exactly intrusive into the Nossib, but tec
hnically associated, appears to be in fair agreement with the 
age of the Naauwpoort lava. The Oas syenite, however, being in
trusive into Naauwpoort sediments west of Khorigas, gives a 
whole rock age of 847 ± 22 m.y. 1 2, considerably older than both 
Lofdal nepheline syenite and the Naauwpoort lavas of the Summas 
Mountains. Further elucidation of these age relations will be 
facilitated by age dating of zircon from both the Oas syenite as 
well as porphyries from the western Naauwpoort lavas. 

The late Precambrian to early palaeozoic Damara Orogenic Belt 
has been the subject of detailed research by several groups dur
ing the International Geodynamics Project. Its geological set
ting and structural development within the Pan African belt sys
tem has been described by Martin 1 3, Clifford11*, Kroner 1 5 and 
others but there remains considerable diversity of opinion as 
regards the geodynamic evolution of this mobile zone 1 6 1 7 1 8. 

One of the most widespread intrusive rocks of the Damara belt is 
the so-called Salem Granite 1 9, a suite of generally coarse
grained porphyritic granitoids which occurs throughout the cen
tral and north-western part of the Orogen. Its age is of parti
cular importance since it places a minimum age limit to the main 
Damaran units - the Nossib and Swakop Groups - and to major de-
formational events in the belt 

Results of Rb-Sr (whole rock) and U-Pb (zircon) age measure
ments 2 0 in a suite of reconnaissance samples from various local
ities within the central Damara belt indicate ages of 550 m.y. 
for most samples, but an apparent Rb-Sr whole rock errorchron 
age of 720 m.y. 2 0 is obtained for certain of the granite and 
granodiorite samples. A more detailed study of the granites 
from the vicinity of Goas, south of Karibib, also yields an un
expectedly high Rb-Sr whole rock isochron age (720 ± 77m.y.) but 

•nepheline syenite: a plutonic rock composed of granular 
aggregate of alkalic feldspar and 
alkalic ferromagneslum constituents 
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the corresponding U-Pb zircon aqe is 580 ± 30 m.y. 2 0 . Samples 
from a sinqle outcrop of the granite mostly have insufficient 
spread in their Rb/Sr ratios to give a reliable aqe, but three 
biotite-rich samples indicate an aqe of 535 ± 2 m.y. 

Uranium-lead zircon data for four reconnaissance samples of the 
qranite on Goas yielded a particularly discordant intercept aqe 
of 512 m.y. which must be interpreted as a minimum aqe. In con
clusion, it mijht be suggested that a post anatexis event 
achieved equilibration over a sinqle outcrop scale - thereby 
also resettinq mineral-including zircon ages. The age of 580 ± 
30 m.y. then represents the most reliable age indication 
presently available for the time of crystallization of the 
granite on Goas. 

The Johannesburg-Pretoria dome offers a unique opportunity to 
examine archeaen basement rocks in the central part of the Kaap-
vaal Craton. The oldest rocks in the dome consist of a variety 
of tonalitic and trondhjemitic gneisses and migmatites. These 
rocks are intruded by a later suite of homogeneous and porphy-
ritic qranodiorites 3 132 + 64 m.y. in the aqe as well as still 
younger felsite and porphyritic felsite dykes. Tonalite samples 
yielded abundant euhedral zircons which gave analytical results 
illustrated by Wetherill's discordiagram to establish an age of 
3 170 ± 34 m.y. also indicating the latest stage (322 m.y. ago) 
of domical uplift of the archeaen basement north of Johannes
burg. 
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Proposed research programme 
for the next three years 

Overall objective Uranium-lead isotopic dating of zircon-bearing rock samples on 
behalf of/in collatoration with geologists of the Geological 
Surveys of the Republic of South Africa and South West Africa 
acccsnts for the major portion of the Division's research pro
gramme. 

Specific objects for each 
individual year : 

Co-operative projects with geologists from the universities of 
Rhodes, Orange Free State, Pretoria and Randse Afrikaanse Uni-
versiteit include uranium-lead age dating projects in southern 
and central South West Africa, Cape West Coast granites in the 
Saldanha-Vredenburg area and the north-western Cape. 

1982/1983 

Rubidium-strontium age and geochemistry of the Leeuwfontein Com
plex and related syenites north of Pretoria. 

Reconnaissance uranium-lead isotopic investigation of the mar
ginal zone of the Proterozoic Namaqua Mobile Belt, Upington Geo
tr averse. 

isotopic studies in the Namaqua-Natal Mobile Belt. 

•Member of other institute 

1 7 Í 



1963/1984 
Age and genesis of a suite of late kinematic granitic rocks from 
the Natal metamorphic complex. 

Uranium-lead age of West Coast granites in the Saldanha Vreden-
burg area of north-western Cape. 

1984/1985 
In i t ia l Sr-ratio study of chill and s i l l facies rocks of the 
Bushveld Igneous Complex. 

Sr-age studies in the Chikkanayakanahalli Schist Belt, Karnatak 
Province, India - a joint international project. 

Uranium-lead dating of granites in the central and eastern Bush
veld Igneous Complex. 

The time schedule for this programme is diff icult to predict be
cause of its dependence on the availability of manpower and ap
paratus. Ageing mass spectrometers which result in frequent 
breakdowns coupled with unavailability of spare parts and main
tenance personnel, continue to pose a particular obstacle to
wards realizing both research programmes and contract commit
ments. 



Nearly all the goals set for the four-year period 1979-83 have 
been achieved by mid 1982. In many respects the past three 
years have been a period of consolidation. Several research 
projects were rounded off, but a start has been made with 
several others. The final work in connection with the geomag
netic induction studies, the field work of which was carried out 
in 1977, was completed in the period 1979-82. Magnetic and gra
vity modelling studies were done in support of the geomagnetic 
induction study of the Cape Province and a series of Schlum-
berger soundings carried out to investigate the induction anoma
ly in the Damara Orogen in more detail. A comprehensive study 
of the geoelectrical and gravitational characteristics of the 
Namaqua-Natal Belt and its boundaries gave new insights into the 
history of this very important tectonic province. 

New basic research projects started during the past three years 
include a geoelectrical and gravitational investigation of the 
Archaean greenstone belts, a geoelectrical study of the Bushveld 
Complex and a geoelectrical sounding programme across the Nama-
qua Front in the southern part of South West Africa. 

A problem that seriously affects the basic research programme of 
the Division is the high cost of field work mainly due to the 
present very high price of fuel. This problem was also mention
ed in the 1975-79 report. The increase in research funds simply 
did not keep pace with the rapid rise in costs. Fortunately 
some of the research projects in the more distant areas, such as 
the study in the Damara Orogen, was completed during the past 
three years and these were replaced by new programmes closer to 
Pretoria, such as the studies in the Bushveld Complex and the 
Archaean greenstone belts. Through the South African National 
Geoscience Programme additional funds were also obtained for 
these projects. 

The demand for applied geophysical/geohydrological research con
tinued in the period 1979-82. Since 1980 the Division has been 
involved in an extensive groundwater study along the Kuruman 
River in the Gordonla and Kuruman districts on behalf of and in 
co-operation with the Department of Environment Affairs and 
Fisheries. In Hereroland, South West Africa, the Division has 
carried out Investigations into the suitability of the rectangle 
profiling method and achieved spectacular success in siting suc
cessful boreholes in Eastern Hereroland. The final report on 
the 1973-78 regional geophysical/geohydrological survey of the 
area was also completed in 1981. A pilot geohydrological study 
was also done in the coastal plains of northern Zululand to in
vestigate the suitability of the Schlumberger sounding method 
under conditions there. 
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The Southern Cape Conductive Belt (SCCB) beneath the Karoo Basin 
and the Cape Folded Mountains was discovered in 1971 by a mag
netometer array study. A second array study in 1977 has led to 
the mapping of this conductive belt in some detail across the 
southern tip of Africa from the west to south-east coasts. 

Transfer functions from horizontal to vertical components were 
calculated from data recorded by each array, and used to map in
duction vectors. The in-phase induction vectors from the 1971 
array are in good agreement with the current locations shown by 
the Fourier transform anomaly maps. The 1977 array data gave 
induction vectors which agree with neither those of 1971, nor 
the anomaly maps. After other possible sources of systematic 
error had been eliminated, it could be shown that the problem 
arose from source-field bias introduction by cross-correlation 
between the horizontal components of the normal field. Two cri
teria were developed for selecting events for the calculation of 
valid transfer functions. Errors from source-field bias could 
be important in work with small numbers of magnetometers, in 
which case anomalies cannot be mapped from simultaneous observa
tions of events as for large arrays. 

The SCCB lies just south of the Namaqua-Natal Belt of cratonic 
rocks remobilized about 1 200 m.y. B.P. Relationships between 
the SCCB and the basement geochronology, geology and tectonics 
were considered in detail. These relationships were found to 
support the view that the conductive belt was formed by an accu
mulation of marine sediments and oceanic lithosphere at the top 
of a Proterozoic subduct ion which stopped about 1 000 to 800 
m.y. B.P. Associated with this subduction, a range of Andean-
type mountains is proposed whose roots are now exposed in the 
Namaqua-Natal Belt. Studies have shown that the associated geo
physical anomalies, including the large Beattie static magnetic 
anomaly which correlates with the SCCB over most of its length, 
are well fitted by a model that strongly supports this hypo
thesis. The suggested formation process of the proposed block 
of serpentinized marine rocks begins with the serpentinization 
of the crust near ocean ridges by reaction of warm, porous, new
ly extruded basalt with seawater convecting through it. Serpen-
tinized basalt is stable at crustal temperatures and pressures, 
and is therefore transported in the sea floor until it reaches a 
subduction zone where it accumulates because of its low densi
ty. Examples of such accumulations exist in southern New Zea
land and in the Franciscan sediments of the Coast Range of Cali
fornia and Oregon, USA. 

Finally, it was shown that any iron in the olivine and pyroxene 
in the original basalt precipitates as magnetite when these si
licates are hydrated to serpentine, and is the dominant mineral 
causing the high electrical conductivity and high magnetic sus
ceptibility characteristic of serpentinites. In particular, the 
Beattie static magnetic anomaly requires, according to model 



calculations, the very high susceptibility readily attainable in 
basalt at 15-20 per cent serpentinization. A similar percentage 
of serpentinization would also provide the density required to 
model the gravity anomalies. 

(b) Geoelectrical and 
gravitational charac
teristics of the 
Namaqua-Natal Belt 
and its boundaries 

Schlumberger sounding data indicate that a large fraction of the 
exposed part of the geotectonic province has cratonic geoelec
tr ical properties. Magnetovariational data suggest that the 
Namaqua-Natal Belt could have formed part of an Andean type 
mountain belt. Several of the broad geological features of the 
belt and the gravity data are also consistent with such a cor-
dilleran model. 

Modelling and age correlation show that gravity anomalies can 
indicate the northern boundary of the mobile belt. The gravity 
signature across the Namaqua-Natal Front resembles gravity pro
f i les across similar boundaries in the Canadian, Indian and Aus
tralian Shields. The magnetovariatioiial data and static magne
tic anomalies associated with the SCCB indicate the position of 
the southern boundary of the Namaqua-Natal Belt, and suggest 
that i t did not form as an intracratonic mobile belt, but or i 
ginated in Proterozoic times along a continental edge. 

(c) Electrical structures 
of the Damara Orogen 

Geomagnetic induction studies led to the discovery of a zone of 
concentrated induced electric currents running from the Zambezi 
valley in Zimbabwe across Botswana and South West Africa to the 
Atlantic coast. During the period 1977-80 a total of 41 deep 
electrical soundings were carried out in the Damara Orogen to 
investigate this anomalous zone in more detail. 

The results of the electrical sounding studies confirm the exis
tence of a prominent conductive structure found by the magneto
variational investigations in the Central Zone of the eugeosyn-
clinal Swakop Basin. The results show further that the north
east striking structure is steep-sided, occurs at a depth of 
3-10 km below the surface and has a resistivity of less than 20 
ohm m. 

The low resistivity of the anomalous structure is ascribed to a 
compositional change, although saline water in fractures is also 
a possible cause. The only known rock which has the necessary 
low resistivity is serpentinite. However, the geoelectrical mo
del cannot distinguish between a subduction zone origin and the 
shallow emplacement of asthenospheric material in a weak zone. 

(d) A deep geoelectrical 
survey of the southern 
part of South West 
Africa 

During March 1982 the Division carried out a reconnaissance sur
vey comprising 19 deep electrical soundings to study the earth's 
crust in South West Africa south of latitude 24 °S. These were 
the first measurements of this kind In the area, and the survey 
forms part of a study in which it is planned top use the power-
line under construction from Windhoek to Aggeneys for an ultra-
deep sounding. 
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A preliminary evaluation of the data shows that althouqh parts 
of the study area have resistivity properties similar to those 
of cratonic areas (resistivity in excess of 30 000 ohm m and 
transverse resistance greater than 400 x 10* ohm m 2 ) the resis
tivity properties of other parts are significantly different. 
Another aspect emphasized by the survey is the vast thicknesses 
of sedimentary strata belonging to the Karoo Sequence and Nama 
Group that occur in the area. 

(e) A geophysical study of 
the deep structure of 
the Nurchison Green
stone Belt 

An electrical sounding for Mhich the 200 km long telephone line 
between Barberton and Phalaborwa was utilized was carried out 
during 1979 to investigate the electrical properties of the 
earth's crust in the eastern Transvaal. The results of the in
vestigation showed that the higher levels of the crust in this 
part of the Kaapvaal Craton are much more conductive than in 
other parts of the Craton investigated earlier. 

As part of this survey a sounding was done on the Murchison 
Greenstone Belt and the results proved so promising that a re
search project on the Archaean greenstone belts was started as 
part of the South African Natirnal Geoscience Programme. To 
date the investigation comprises 15 deep electrical soundings 
and 720 qravity observations. 

The results of the deep electrical soundings show that the rock 
assemblage in the schist belt has a resistivity of less than 
5 000 ohm m, and more typically 1 200 ohm m, while the intru
sive Rooiwater Complex and the surrcn^ing granite-gneiss ter
rain have resistivities in excess of 10 000 ohn m. Geoelec-
trical models indicate thicknesses of up to 7,5 km for the 
greenstone assemblage. The main feature of the Bouguer anomaly 
map of the Murchison belt and environs is a relative high of up 
to about 300 g.u. that runs along the entire length of the belt 
and reaches its largest amplitude over the Rooiwater Complex. 
The results of a two-dimensional model that fit the residual 
gravity anomaly data alonq a profile crossing the belt are in 
agreement with the resistivity models and a structural model in 
which the greenstone belt could be one Umb of a synclinal struc
ture. 

(f) A qeoelectrical survey 
of the Bushveld Complex 

The purpose of this investigation is to study the structure of 
the Bushveld Complex in selected areas by means of deep geoelec-
trical soundings. The study forms part of the South African 
National Geoscience Programme. During 1981-82 13 deep electri
cal soundings were made 1n the Eastern Bushveld Complex. The 
survey was qreatly facilitated by the presence of a very conduc
tive graphitic shale layer with resistivity around 10 ohm m, 
that belongs to the Silverton Formation of the sedimentary Pre
toria Group, and underlies the Complex. Soundings on outcrops 
of the various lithological units established resistivity para
meters for the stratigraphic succession above the graphitic 
shale. 
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The survey proved that the graphitic shale can be traced geo-
electrically under the Complex, and that it, and by implication 
alsc the Pretoria Group, occur underneath both the mafic and 
granitic components of this layered complex. The results showed 
that towards the centre of the Complex, which is also the centre 
of the sedimentary basin occupied by the Transvaal Sequence, the 
electrically resistive (mainly quartzitic) zone in the Pretoria 
Group is quite thin and that the underlying less resistive and 
more shaly horizon thickens considerably. The mafic rocks are 
also thinner than would be expected on the basis of stratigra-
phic extrapolations. Another important finding that ties in 
with earlier gravity interpretations is the probable absence of 
mafic rocks underneath the Bushveld Granites in the Eastern 
Bushveld Complex. 

This region has the highest rainfall (more than 450 mm/a) and 
also the best grazing in Hereroland, yet is virtually unin
habited due to a lack of reliable surface water sources and the 
scarcity of boreholes yielding good quality groundwater in 
usable quantities. An analysis of borehole statistics for this 
area shows a success rate of only 17 X compared to between 30 X 
and 40 X for Hereroland as a whole. Furthermore, the water 
struck in some of the so-called "successful" boreholes is of 
such a poor quality that it is unsuitable for human or even ani
mal consumption. 

The exploitation of groundwater sources in Hereroland East is 
severely hampered by the fact that in these parts the water ta
ble lies within the basement rocks under a thick cover of dry 
Kalahari sediments. This makes it extremely difficult to locate 
waterbearing structures by the usual geophysical methods. Dur
ing 1980 and again in 1981 the Division therefore investigated 
the feasibility of using the rectangle profiling method for the 
detection of aquifers under conditions prevalent in this re
gion. Although none of the experimental boreholes drilled dur
ing the course of this research programme struck any water, the 
drilling results proved in most cases the existence of the ex
pected geological structures. 

Early in May 1981, the Department of Water Affairs of South West 
Africa/Namibia formallly requested this Division to assist their 
Geohydrology Section with the selection of borehole sites in an 
attempt to provide water for an emergency grazing scheme in 
Hereroland East. The geophysical field work started shortly af
terwards, and the CSIR personnel stayed in the area until mid-
July, when other commitments forced them to withdraw. During 
this period the Geophysics team investigated 18 different sites 
by means of the rectangle profiling method and Schlumberger 
soundings. On the basis of this work, as well as that done by 
the Water Affairs team and co-ordinated by the CSIR personnel, 
22 boreholes were drilled of which eight can be defined as suc
cessful having yields of potable water in excess of 1 m V h . The 
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maximum borehole yields were 18 m3/h and 22 m 3/h. These results 
give a success rate of about 36 X, which represents a s igni f i 
cant improvement on the earlier dri l l ing results. 

This study was started early in 1979 at the request of the Geo-
hydrology Division, Department of Environment Affairs and Fish
eries, who is investigating the ground water potential of areas 
along the West Coast. 

Except for occasional outcrops of Table Mountain Sandstone and 
rare occurrences of the Klipheuwel Formation east of Elands Bay, 
the region is covered by sand. Groundwater occurs in the uncon
solidated sediments overlying these formations, generally in 
sufficient quantities to meet the requirements of the farming 
community, but the water quality is often poor. The town of 
Lambert's Bay is also entirely dependent on groundwater, and be
cause of increasing consumption requires additional supplies to 
meet its present and future needs. 

The electrical sounding technique was used to locate areas of 
thick alluvial deposits and, where possible, to distinguish be
tween occurrences of fresh and brackish groundwater. In all 760 
soundings were made and 20 exploratory boreholes dr i l led. These 
boreholes were logged geophysically to obtain electrical and hy-
drological information on the sediments through which they pas
sed. 

Three areas where good quality groundwater occurs could be 
delineated on the basis of these investigations. The areas are 
situated to the north-east of Lambert's Bay, at Wadrif and the 
third some 3 km north of Elands Bay. Although large quantities 
of good quality water were discovered in the latter area, i t is 
unlikely that this source will be developed in the near future. 

The highest, borehole yields were obtained in the Wadrif area. 
Production boreholes in this area currently supply all the water 
used in Lambert's Bay, and have sufficient excess capacity to 
meet the town's projected needs for a considerable time to come. 

A survey of borehole yields, headlevels and water resistivit ies 
by the Geohydrology Division, Department of Environment Affairs 
and Fisheries, indicated that good supplies of potable ground-
/ater might be found in certain areas along the Kuruman River 

some 140 km north of Upington. At their request the Division is 
investigating a more-or-less triangular area between the con
fluence of the Molopo and Kuruman rivers in the west, Vanzyls-
rust in the east and the farm Kruispad, Gordon 1a distr ict , 1n 
the south - an area of some 2 500 km2. 

Work on this project started in January, 1980. Since then some 
520 Schlumberger soundings have been made. During the same 
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period the Department has drilled 66 exploratory boreholes - 52 
boreholes on sites selected by this Division - to provide infor
mation on the lUhology, the water quality and hydroloqical 
characteristics of the different waterbearinq strata, and also 
to calibrate the geophysical data. Radiometric and other geo-
physical measurements were made in 14 of these boreholes, while 
pumpinq tests were carried out on six of them. At Askham a 
borehole drilled before this investigation was also pump-tested. 

The investigations confirmed that potable groundwater occurs 
mainly in the upper sedimentary formations known collectively as 
the Kalahari Group. On the basis of electrical and hydrological 
characteristics the different units comprising the Group are 
more conveniently classified the Upper, Middle and Lower Kala
hari. The latter occurs only in the deeper troughs, and is 
usually absent if the total thickness of the Kalahari sediments 
is less than 150 m. The Middle Kalahari, which is the main 
aquifer, attains its maximum development along old drainage sys
tems in the pre-Kalahari floor. 

In the eastern half of the study area the thickness of the sat
urated Kalahari sediments averages about 20 m, while in the 
western half this figure rises to 100 m approximately. This 
large increase in the volume of saturated sediments to the west 
is to some extent offset by occurrences of brackish water within 
the aquifer. From the qeoelectrical results it would appear, 
however, that such occurrences can be delineated fairly accu
rately. 

Althouqh more information is required before quantitative esti
mates can be made, preliminary analyses of the available data 
show that substantial amounts of good quality groundwater can be 
extracted from the Kalahari sediments. On the basis of thsse 
analyses certain areas were chosen for more detailed study. In
vestigations currently under way in these areas will be followed 
by further exploratory drilling and the pump testing of selected 
boreholes. 

At the request of the Kwazuiu Government a qeoelectrical survey 
covering an area of approximately 1 000 km2 around Lake Sibayi 
on the coastal plain of Northern Zululand was completed in 
December, 1981. The survey is part of an extensive qeohydro-
loqical research programme envisaged for this region. 

In all 85 electrical soundings were made to obtain information 
about the Cretaceous and younqer formations as well as the depth 
to the top of the Cretaceous/Palaeocene siltstones. The sound-
inq results also provided evidence supporting the theory that 
Lake Sibayi represents a lagoon of the Pongola River before the 
development of its present northern course. Furthermore, deter
minations of the thickness of the pre-Miocene formations has led 
to an improved estimate of the volume of water seepinq annually 
from the lake into the Indian Ocean. 

(d) Geophysical and geohy-
droloqical survey of 
the lake Sibayi area in 
Northern Zululand 
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Resistivity borehole logging is a well-established and valuable 
method for determining the geoelectrical parameters of forma
tions in groundwater studies. A major drawback of this method 
is that no information can be obtained from dry or cased bore
holes. In recent years commercial multi-purpose borehole log
gers became available. These instruments were developed mainly 
for use by the oil prospection industry, but have equally impor
tant applications in groundwater research and it is for this 
purpose that the Division acquired such an instrument from the 
Mount Sopris Instrument Co. in Delta, Colorado, U S A . 

This instrument can be fitted with four different probes to pro
vide analogue records of the borehole diameter, resistivity 
(four different measurements), natural gamma radiation, induced 
gamma radiation, neutron absorption, and also water conductivity 
and temperature. For the induced gamma and the neutron absorp
tion measurements special radioactive sources are used. 

Radiometric measurements are little affected by borehole casing, 
whether steel or PVC, and provide information on the clay con
tent, the density and the porosity of the formations intersected 
by a borehole. At present these quantities are determined only 
qualitatively since the quantitative interpretation of radiomet
ric logs are still subject to some poorly understood factors 
which require further research. The Division is to drill a 
borehole for this purpose, and also to calibrate the equipment, 
on the CSIR terrain. 

Since geophysical borehole measurements are made on undisturbed 
material, and with excellent depth control, they are very useful 
in resolving some of the problems associated with geological 
logs - particularly those arising from sample mixing, the loss 
of constituents due to the sampling procedure, and the haphazard 
manner in which sample depths are often measured. This is well 
illustrated by a comparison of geophysical and geological logs 
of some of the 57 boreholes investigated during the past three 
years in the Lambert's Bay-Elands Bay area, the Langebaan-
Saldanha area and in the area along the Kuruman River in the 
western Kalahari. 

The deterioration of the existing earth electrode system on the 
farm Elandsfonteln, near Pretoria, led to a request by ESCOM for 
the selection of a new site on which to locate the earth elec
trode. The Division carried out a geoelectrical survey which 
resulted In the discovery of a very conductive graphitic shale 
layer In the Silverton Formation of the Pretoria Group. The 
powerllne cuts across the suboutcrop of this layer on the farm 
Zwavelpoort some 14 km from the Apollo terminal. 
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Several test boreholes confirmed the expected quality and extent 
of this conductor. An experimental electrode was installed in 
one of these boreholes. During operation, measurements in dif
ferent directions up to 10 km from the electrode showed negli
gible voltage gradients. On the basis of these tests, and 
others conducted by its own personnel, ESCOM has decided to 
install a new earth electrode system on the Zwavelpoort terrain, 
and is currently building a line to link this system to the 
terminal at Apollo. 

(b) Electrical resistivity 
prospecting equipment 

A newly designed portable instrument for shallow resistivity 
soundings produced excellent results during field trials. 
Mining houses and a Government Department ordered seven of these 
instruments, while two more were constructed for the Division's 
own use. Orders were also received from SWA/Namibia and Bot
swana for the more powerful equipment used for medium deep 
soundings. 

Mining geophysics 

Development of a transient 
electromagnetic sounding 
technique 

This project involves both the theoretical and the practical as
pects of the new technique. On the theoretical side it started 
with a general investigation into electromagnetic phenomena, af
ter which attention centred mainly on the response of a layered 
earth to a grounded electric dipole. Currently the frequency 
response of different geoelectrical sections as well as the ef
fects produced by varying the transmitter-receiver geometry are 
being studied. Results obtained thus far emphasized the comple
mentary nature of time-varying electromagnetic am* direct cur
rent sounding techniques, and provided valuable information for 
the planning of field experiments. 

A microprocessor-controlled system was developed for the prac
tical implementation of this method. It consists of a pulsed 
3 kW power source, three receiver coils together with filters 
and amplifiers to cover the frequency ranges 0,01 Hz to 9,3 Hz, 
1 Hz to 25 H and 10 Hz to 1kHz, as well as the control and data 
processing circuitry. Preliminary tests indicated that the 
switch-off times of the power source were too long to produce 
the required sharp-edged current pulses, and this necessitated 
some modifications to the switching circuitry. 

Ccsplesentary projects 
(a) Training course in the 

use of t íe electrical 
resistivity prospection 
method 

Of all the geophysical prospecting techniques, the electrical 
resistivity method is probably the one which is most widely used 
in southern Africa. When properly used it is an invaluable tool 
in such diverse fields as civil engineering (foundation 
studies), electrical engineering (earthing problems), mining 
exploration, groundwater development and other hydrogeological 
investigations. Experience has shown, however, that, an alarming 
lack of knowledge remains concerning the potential of this 
method, its limitations and the interpretation of the results. 
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In an attempt to improve the situation, the Geophysics Division 
in co-operation with the South African Geophysical Association 
arranged a five-day training course at the CSIR Conference Cen
tre during March, 1980. Sixty-eight persons, representing about 
90 t of the geophysical fraternity in southern Africa, attended 
the course. Participants came from as far afield as Zimbabwe, 
Botswana and SWA/Namibia. 

Members of the Division gave lectures covering the basic princi
ples of the resistivity method, field practice and interpreta
tion techniques in considerable detail. Two days were devoted 
to practical interpretation exercises and computer modelling. 
In particular, the course participants were introduced to model
ling techniques developed by this Division. 

The immense interest and interaction which characterized the 
course not only ensured its success, but also emphasized the 
very real need for an improvement in the level of expertise in 
this field. 

(b) Equivalence in the in
terpretation of elec
trical sounding data 

The problan of equivalence arises from the fact that different 
earth models may produce geophysical results that are the same 
within the tolerance limits of the measuring equipment. An ag
gravating factor is that geophysical field work is seldom, if 
ever, free from disturbing influences which affect the integrity 
of the measurements. Therefore, in the absence of supporting 
evidence, no earth model can be considered a unique representa
tion of the measured data. 

Fortunately the possible range of models that fit a data set is 
generally limited, either because of continuity constraints or 
because additional information from boreholes and other sources 
is available. Even so, it is often important to establish the 
limits between which the model parameters may vary and yet fit 
the data. A computer program was developed to determine these 
limits in the case of direct current sounding data. It is based 
on the assumption that data deviations have a normal distribu
tion. An additional advantage of the program is that, given an 
approximate solution, it will calculate the model parameters 
which best fit a particular set of sounding data. 

fcs ranslation of a 
oaniah textbook on al
ert current prospec-
tion methods 

Direct current prospecting techniques find application 1n fields 
such as civil engineering, electrical engineering, mining and 
oil exploration, groundwater and other geohydrological Investi
gations. The lack of a suitable textbook on the theoretical and 
practical aspects of these techniques must be considered a 
serious restriction on their more widespread and effective use 
In this and most other countries. 

An authoritative work on these methods, Prospecclon Geoeléctrica 
en corrlente .contlnua by Prof. E. Orel 1 ana, was published 1n 
Spain, and a revised edition brought, out recently. The need to 
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increase expertise in this field in the Republic, and as a con
tribution to the geophysical fraternity in general, led to a 
decision by the CSIR Executive to acquire the rights for the 
translation and worldwide publication of this book in English. 
A contract to this effect has been signed with the publishers, 
Editorial Paraninfo, S.A., of Madrid. 

Since only non-technical translators were available, a direct 
translation was made of the book. The considerable task of 
technical revision and editing is being undertaken by this Di
vision. Prof. Orel 1 ana has agreed to revise the edited version 
on a chapter-by-chapter basis. 

(d) Consulting and other 
services 

Members of the public, geologists and geophysicists from both 
the private and public sectors regularly approach this Division 
for advice on geophysical and related matters. The Division 
also gave guidance and, in special cases, training to students 
and others working in this field. In addition, iome universi
ties made use of the Division's facilities, including field 
equipment. These services are currently provided free of charge 
to stimulate interest and generally promote exploration geo
physics in the Republic. 

During the review period the Division experienced a steady de
mand fn its publications, manuals and also bi-logarithmic graph 
paper used for plotting resistivity sounding curves. Apart from 
the local demand, orders were received from countries such as 
Australia, Botswana, Canada, England, Germany, India, Ireland, 
Italy, Lesotho, SWA/Namibia, Swaziland, Zimbabwe and even the 
United States of America. 

Publications for the period 
July 1979 to June 1982 

publications J H de Beer and D I Gough*, Conduction structure in southern
most Africa: a magnetometer array study. Geophys. J.R. astr. 
Soc. 63 (1980) 479. 
J H de Beer, R M J Huyssen, S J Joubert and J S V van Zijl, 
Magnetometer array studies and deep Schlumberger soundings in 
the Damara orogenic belt, South West Africa. Geophys. J.R. 
astr. Soc. 70 (1982) 11. 
J H de Beer, J S V van Zijl and D I Gough*, The southern Cape 
conductive belt (South Africa): Its composition, origin and 
tectonic significance. Tectonophyslcs 83 (1982) 205. 
D I Gough* and J H de Beer, Source-field bias in geomagnetic 
transfer functions: A case history, J. Geomag. Geoelectr. 
32 (1980) 371. 
R Meyer and A W A Duvenhage, A regional gravity survey of 
part of the North-western Cape Province. Trans. Geol. Soc. 
S. Afr. 84 (1981) 85. 

•Member of another institute 
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Oonfferan» Ruundinga 1. J H de Beer, The tectonic significance of geomagnetic induc
tion anomalies in Botswana and South West Africa. Proc. Sem-
i-.iT on Geophysics and the Exploration of the Kalahari, ed. 
G. IcEwen, Geological Survey Dept., Lobatse, Botswana (1979) 
p.297. 

2. J H de Beer, Resistivity structure of the Damara Orogen as 
deduced from magnetovariational studies. Abstr. S.A. Geody-
namics Symposium, 19th Biennial Congress, Geol. Soc. S.A., 
Pretoria (1981) p.60. 

3. J H de Beer, J S V van Zijl and R Meyer, Resistivity struc
ture of the Damara Orogen, South West Africa, as deduced from 
magnetovariational and deep resistivity studies. American 
6eophysical Union Fall Meeting, San Francisco (1981). 

4. J H de Beer, The Southern Cape Conductive Belt and its tec
tonic significance. S.A. Geodynamics Symposium, 19th Bien
nial Congress, Geol. Soc. S.A., Pretoria (1981). 

5. H J Blignault*, E Barton*, A J Burger, J H de Beer, J A H 
Marais*, A Muller*, D L Reid*, G van Aswegen* and S H van der 
Merwe*, The geological evolution along the Namaqualand Geo-
traverse and environs: A synthesis. Abstr. S.A. Geodynamics 
Symposium, 19th Biennial Congress, Geol. Soc. S.A., Pretoria 
(1981) p.26. 

6. R Meyer, Geophysical characteristics of the boundaries of the 
Namaqua-Natal Belt. Abstr. S.A. Geodynamics Symposium, 19th 
Biennial Congress, Geol. Soc. S.A., Pretoria (1981) p. 154. 

7. R Meyer and J S V van Zijl, A geophysical-geohydrological 
study of the Breë River Valley, South Africa. American Geo
physical Union Fall Meeting, San Francisco (1981). 

8. J S V van Zijl, Resistivity structure of the Damara Orogen as 
deduced from deep electrical soundings. Abstr. S.A. Geody
namics Symposium, 19th Biennial Congress, Geol. Soc. S.A., 
Pretoria (1981) p.222. 

(SIR Imports 1. J H de Beer and J Biume, A geoeiectricai survey in Hereroland 
East using the rectangle method to detect possible water
bearing structures in the basement. Contract Report (Oct. 
1981). 

2. J H de Beer, J Biume and A du Plooy, The location of water
bearing structures in Hereroland East by means of Schl umber-
ger soundings and rectangle measurements. Contract Report 
(March 1982). 

3. J H de Beer, J Biume and P F Worthington, Final report on: 
Geophysical and hydrogeological Investigations of the ground
water resources of Hereroland, South West Africa/Namibia. 
Contract Report (Oct. 1981). 

4. J H de Beer, A W A Duvenhage, R Meyer and R M J Huyssen, Pre
liminary report on: Geophysical and geohydrologleal investi
gation of the groundwater potential of the Kalahari Group 
along the Lower Kuruman River, Gordonia and Kuruman Dis
tricts. Contract Report (Dec. 1981). 
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5. J K de Beer, A H A Ouvenhage, R Meyer and R M J Huyssen, Se
cond Preliminary report on: Geophysical and geohydrological 
investigation of the groundwater potential of the Kalahari 
Group along the Lower Kuruman River, Gordonia and Kunman 
Ois t r i c t s . Contract Report (Nay 1982). 

6. R M J Huyssen, Geofisiese boorgatopnames in the Langebaan-
Saldanha-omgewing. Kontrakverslag (Apri l 1982). 

7. S J Joubert, *n Geoëlektriese ondersoek na 'n geskikte gebied 
v i r 'n aardingsisteem v i r die Caborra Bassa-Apollo kragoor-
dragsisteem. Kontrakverslag (Maart 1982). 

8. R Meyer en J S V van Z i j l , Die ontwikkeling en evaluasie van 
tegnieke v i r die Lepaling van grondwaterbronne in die Doorn
berg-breuksone. Deel 5: Geofisiese studies, Kenhardt-omge-
wing. Kontrakverslag (1979). 

9. R Meyer en J S V van Z i j l , Die ontwikkeling en evaluasie van 
tegnieke v i r die bepaling van die ontginningspotensiaal van 
grondwaterbronne in die Doornberg-breuksone. Deel 2(a): 
Geofisiese studies, Venterstad-omgewing. Oeel 3: Geofisiese 
studies, De Aar-omgewing. Kontrakverslag (1979). 

10.R Meyer, J S V van Z i j l en J H de Beer, Die ontwikkeling en 
evaluasie van tegnieke v i r die bepaling van die ontginnings
potensiaal van grondwaterbronne in die Doornberg-breuksone. 
Deel 4(a) : Geofisiese studies, Prieska-omgewing. Kontrak-
verslag (1979). 

11 .R Meyer, J S V van Z i j l , J C Vogel en F D I Hodgson*, Die 
wikkeling en evaluasie van tegnieke v i r die bepaling van die 
ontginningspotensiaal van grondwaterbronne in the Doornberg-
breuksone. Deel 1 : In leiding to t projekte en opsomming van 
f ina le verslag. Kontrakverslag (1979). 

12.R. Meyer, Tussentydse verslag oor die resultate verkry tydens 
pomptoetse te Wadrif ten suide van Lambertsbaai. Kontrakver
slag (Maart 1981). 

13.R Meyer, J H de Beer and J Blume, A geophysical-geohydrolo
gical study of an area around Lake Sibayi, Northern Zulu-
land. Contract Report (March, 1981). 

14.J S V van Z i j l , R Meyer, R M J Huyssen, A W A Duvenhage, J W 
Vallenduuk and J Blume, The development and evaluation of 
geophysical techniques for determining the groundwater poten
t i a l of the Breë River area between Brandvlei Dam and Wit-
brug. Contract Report (1979). 

15.J S V van Z i j l and J Blume, A p i lo t geoelectric survey 
using the rectangle p ro f i l i ng method - Hereroland East. 
Contract Report (Aug. 1980). 

Proposed research programme 
for the next three years 

General In the proposed research programme for 1979-83 i t was envisaged 
that as far as basic research 1s concerned further crustal s tu
dies would be carried out in the Namaqua-Natal Bel t , the Damara 
Bel t , the Bushveid Complex and the Southern Cape Conductive 
Bel t . Despite the high cost of f i e ld work and the other con
st ra in ts l i s ted at the time, work was done on almost a l l these 
projects as well as some additional projects, for example, the 
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studies in the Nurchison Greenstone Belt. Some of these propos
ed projects were completed while others such as the study of the 
Namaqua-Natal Belt are still in progress. 

The research programme during the next three years will larqely 
be influenced by factors such as 

• the finances available for geophysical research, 
• the cost of fuel, 
• the appointment of additional geophysicists and their re

search specialities. 

Reqardinq the determininq factors stated in the last proposed 
research proqramme, the Division has been fortunate that the se
curity situation in our research areas did not deteriorate from 
what it was then, that an applied mathematician was appointed in 
the position of theoretical geophysicist and that the Division 
has no shortage of excellent field personnel. The success of 
the past three ears are. in the first place, a direct result of 
the excellent work done by the technical staff of the Division. 

It is envisaged that the research proqramme for the next three 
years will be aimed at the following: 

Basic research 

• Special attention will be paid to research on the electrical 
properties and structure of the Earth's crust and uppermost 
mantle. 

• Deep electrical studies are planned in the Namaqua-Natal 
Belt, the Bushveld Complex and the Archaean greenstone belts. 

• In some instances other qeophysical techniques will also be 
employed. In all these projects the research is done in co
operation with groups or workers at universities and/or state 
departments. 

• The proposed study of the Southern Cape Conductive Belt by 
means of deep electrical soudinqs could not be fitted In dur
ing the review period, and must remain in serious contention 
with other projects for the limited research funds available 
to this Division. Ultra-deep soundings across the belt using 
power lines planned by ESCOM will also greatly enhance the 
scope of this project. 

• More research is needed on numerical modelling, advanced nu
merical filtering and the inversion of geophysical data. The 
large amounts of data already available will make work in 
these fields not only scientifically rewarding, but will also 
provide expertise in a field essential to geophysical re-
<earch in this Division. 



Applied research 

• Geohydrological studies in co-operation with the Geohydrology 
Division, Department of Environment Affairs and Fisheries, 
will continue as long as this work contains a definite re
search component. The co-operation with the Geohydrology Di
vision is very good, and at this stage the returns, as far as 
research is concerned, is high. 

• The development of a new geophysical technique based on elec
tromagnetic transients now enters a very exciting phase, 
viz. exploring and evaluating its possibilities during field 
tiials, its application to field problems and the development 
of routine interpretational procedures. The development of 
apparatus, the theory and computer programs for this purpose 
took longer than initially envisaged because suitably quali
fied geophysicists could not be appointed to work on the pro
ject. Nevertheless, excellent progress has been made over 
the past three years. 

• More attention must be given to the evaluation and interpre
tation of geophysical borehole data. The importance of this 
aspect in groundwater research was again strongly emphasized 
by the Division's current programme, and it is hoped that 
specialist staff in this field can be appointed in the near 
future. 
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A 1.4 NMUML ISOTOPES 

ftjview of activities 

iBtzodoctkn The objectives set in the previous review in 1979 have been 
partly achieved. Those proposals that did not Materialize per
tain to projects for which additional funds were required, nota
bly the initiation of research on oxygen-18 in rocks and Miner
als. 

The general objective of establishing a chronological framework 
for pre-historic nan in southern Africa by weans of radiocarbon 
dating has been accomplished in broad terns, and the emphasis of 
the dcting programme is now being directed towards geological 
deposits and their palaeoclimatic significance. In conjunction 
with radiometric dating, the stable isotopes oxygen-18 and car-
bon-13 are being used more extensively for reconstructing 
palaeoenvironmental conditions and thus to gradually develop a 
model of climatic change on the subcontinent during the Late 
Quaternary period. 

The application of natural isotopes to groundwater hydrology has 
been pursued in the investigation of aquifers in SUA and South 
Africa. The multi-parameter approach which was adopted has 
proved to be most rewarding. I t could be demonstrated that a 
wealth of detailed information can be gained from the isotope-
geochemical data obtained from water samples collected from 
existing boreholes. In addition to the hydrological insights 
that such studies provide, it has been shown that evidence of 
climatic change can also be derived from fossil groundwater. 

Fundamental studies of isotope effects in nature are stil l being 
continued, albeit at a low level whenever time permits. 

Apparatus and tachnfcpes Two new facilities have been installed in the Division during 
the period under review. Firstly, an inexpensive a-particle 
spectrometer has been acquired for the detection of the uranium 
series istotopes, U-238, U-234 and Th-230 in nature, and the 
analytical technique for separating and preparing carrier-free 
sources of uranium and thorium, respectively, has been mastered 
with the help of Dr J Kronfeld of Tel Aviv University. The ad
dition of this facility has enabled the initiation of various 
studies of the uranium geochemistry in natural waters. The 
simultaneous measurement of the uranium Isotopes with Ra-226 and 
Rn-222, for which facilities have been available for some time, 
provides an especially valuable tool for this purpose. The same 
techniques can be used for Ionium (Th-230) dating of carbonates 
and other materials. This dating method extends the range wer 
which age determinations can be carried out from 50 000 years 
(the limit of C-14 dating) to 300 000 years, and 1s of special 
interest with respect to the possibility of dating calcretes as
sociated wlvh secondary uranium deposits. 
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As a result of this work a new method was developed to date peat 
deposits with ionium. Since pollen analyses of peat profiles 
provide the most detailed information on past vegetation pat
terns and in consequence on climatic change, this development is 
of special significance. It has now become possible to cor
relate climatic events on a worldwide scale beyond the range of 
C-14 dating. Thus far we have been able to date the beginning 
of the Last Glaciation in the Alpine regions of southern Germany 
and France to 115 000 years ago. 
The second new facility is for the analysis of nitrogen-15 in 
nitrate. The chemical procedures for the conversion of nitrate 
to nitrogen gas for mass spectrometric isotope analysis have 
been perfected and are now conducted on a routine basis. By 
means of this nitrogen isotope technique it was possible to dis
tinguish between different sources of nitrate in groundwater. 
In the near future it will also be applied to the investigation 
of nitrogen compounds in the polluted air of industrialized 
areas. 
These new developments have necessitated the curtailment of cer
tain other activities in the Division. Thus the analysis of tri
tium in groundwater has been discontinued once again and ground
water research in general will need to be reduced. 

The different radiocarbon counters in use have been calibrated 
to a higher degree of accuracy than was hitherto required. This 
had become necessary with a view to the high precision measure
ments on tree-ring sequences that are being undertaken in col
laboration with overseas laboratories. The goal of the project 
is to investigate the small fluctuations ir. the C-14 assay over 
the past 8 000 years and to establish a more accurate calibra
tion curve for C-14 dates. 

Quaternary chronology and A slender, 2,8 m stalagmite from a remote part of the Cango 
palaaocH—tm Caves was SP '"ed for Isotope investigation. Radiocarbon dates 

of samples taken along the growth axis show that the speleothem 
accumulated over the past 47 000 years. Parallel determinations 
of the C-14 and Th-230 ages over the length oi the stalagmite 
have led to the important discovery of major discrepancies in 
the C-14 dates. These deviations from true age can be related 
to changes in the geomagnetic field strength during the period 
between 40 000 and 18 000 years ago. 

Oxygen-18 measurements on the same specimen In conjunction with 
similar analyses on groundwater from a confined aquifer near 
Uitenhage provide a continuous record of past changes in the 
environmental temperature during a considerable portion of the 
Late Quaternary. 

Further evidence for past climatic conditions was obtained from 
C-14 dating of carbonate crusts in the Namlb desert. These In
dicate more humid conditions in the desert about 30 000 years 
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ago, prior to a decrease in rainfall in the interior between 
23 000 and 19 000 years Before Present. A later slight increase 
in humidity f inal ly came to an end at about 11 000 years BP. 
These results suggest that further work could lead to a complete 
reconstruction of the local response to global temperature 
changes during the Late Quaternary. 

Studies of the distribution of the stable carbon isotopes in the 
vegetation of southern Africa and in the animals that feed on 
this vegetation, has led to a novel application of C-13 to pa-
laeoclimatic research: the carbon isotope composition of fossil 
bones from archaeological sites reveal changes in the plant 
cover of the environment which in turn can be related to changes 
in climate. 

Some 300 C-14 age determinations on archaeological material 
served mainly to refine the dating of pre-historic cultures in 
South Africa and the neighbouring states. By applying the 
ionium dating technique absolute dates for the Middle Stone Age 
have been obtained for the f i rs t time. Stalagmites that devel
oped in the cultural deposit of a cave at Klasies River Mouth on 
the southern Cape coast produced an age of 110 000 years for the 
MSA I I level, showing that this technological stage belongs to 
the very beginning of the Last Glacial period. 

Detailed isotopic and chemical studies were undertaken on the 
groundwater in parts of the Stampriet artesian basin, SWA, on 
the artesian aquifer near Uitenhage and on some of the dolomite 
aquifers in the Transvaal. In the Stampriet region recharge 
areas and flow patterns of different water bodies were defined 
and estimates made of flow rates. The rate of chemical change 
in groundwater could also be determined for the f i rs t time. 
With the aid of N-15 analyses it was shown that nitrate is re
duced to nitrogen gas during the course of some 10 000 years. 

In the Uitenhage aquifer the C-14 age of the water gradually in
creases to some 28 000 years as i t moves down-dip from the re
charge area. Here, too, the chemical evolution rate of the 
water couid be studied in detai l . Of special interest is the 
existence of a reduction barrier where uranium is effectively 
precipitated from solution. The Rn-222 content of the water in
dicates that thi.. reduction barrier is gradually moving down-
dip. Measurements in the uranium series isotopes, U-238, U-234, 
Ra-226, Rn-222, in the groundwater from the dolomite aquifers in 
the Transvaal, coupled with those of C-14 and tritium clearly 
show how U-234 accumulates in the course of time. The U-234 en
ters the water by u-recoil processes that occur when U-238 de
cays, and the activity ratio, U-234/U-238, increases from values 
of about two to as much as six with decreasing tritium content 
and increasing age. Here, again, the combination of geochemlcal 
data with radiometric dating provides new Insights into the pro
cesses taking place in groundwater. A survey of the uranium 1n 
various rivers in southern Africa revealed that the U-234/U-238 



activity ratios are significantly higher (>2) than the values 
reported in the l i terature. This finding is ascribed to the 
predominance of mechanical, as opposed to chemical weathering in 
the local semi-arid environment. Since such factors are of 
prime importance as regards the mobility of uranium in the 
weathered zone, i t can be concluded that favourable conditions 
exist for the application of uranium isotope analyses in ground
water to the investigation of uranium ore bodies. 

Tyrfrif» effects in nature The survey of the different grass species in South Africa was 
extended to SUA. I t was established that species ut i l iz ing d i f 
ferent chemical pathways during photosynthesis show distinct 
geographical distribution patterns. The C.-type grasses ki th 
characteristically high C-13 contents constitute more than 85% 
of the grass population everywhere in the terr i tory, but of 
these the aspartate-formers predominate in the south while 
malate-forming species gradually increase in number towards the 
more humid areas in the north-east. The high incidence of 
aspartate-formers may be related to nitrate production in the 
so i l . 

Cultures of three different species of Algae were cultivated in 
the laboratory to investigate the influence of C02 concentration 
on the C-13 content of the plants. I t was found that the degree 
of isotope fractionation during photosynthesis can be changed 
from -3Xo to -26%o by increasing the C02 content of the air from 
0,02* to 2%. These results substantiate the theory which was 
developed to explain the isotope ratios observed in plants. 
Similar experiments are now being conducted to study the in
fluence of temperature on the degree of isotope fractionation. 

Pl i c a t i ons for the wriofl 
July 1979 to June 1982 

Research publications 1979 

1. T H E Heaton and J C Vogel, Gas concentrations and ages of 
groundwaters in Beaufort Group Sediments, South Africa. 
Water SA 5 (1979) 160. 

2. 0 Ike*, J L Bada*, P M Masters*, G Kennedy* and J C Vogel, 
Aspartic acid racemization and radiocarbon dating of an 
Early Milling Stone Horizon Burial in California. American 
Antiquity 44 (1979) 524. 

3. B H Sandelowsky*, J H van Rooyen* and J C Vogel, Early evi
dence for Herders in the Namib. S. Afr. archhaeol. Bul l . 
34 (1979) 50. 

4. A S Talma and J C Vogel, Carbon dioxide variations in con
tinental air. Environment Int . 2 (1979) 393. 
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1980 

1. R P Ellis*. J C Vogei and A Puis, Photosynthetic pathways 
and the geographical distribution of grasses In South Uest 
Africa/Namibia. S. Afr. J. Scl. 7* (1980) 307. 

2. T M Evers* and J C Vogei» Radiocarbon dat?s for Iron Age 
Sites at Lydenburg and White River, Eastern Transvaal. S. 
Afr. 0. Scl. 76 (1980) 230. 

3. C M Graham*, S M F Sheppard* and T H E Heaton, Experimental 
hydrogen isotope studies - 1. Systematics of hydrogen iso
tope fractionation in the systems epldote - H 20, zoisite -
H 20 and A10(0H)-H20. Geochta. cosmochlm. Acta 44 (1980) 
353. 

4. H Hall* and J C Vogei, Some recent radiocarbon dates from 
southern Africa. J. Afr. History 21 (1980) 431. 

5. T H E Heaton and J C Vogei, Rate of oxygen removal in some 
South African groundwaters. Hydrol. Sci. Bull. 25 No 4 
(1980) 373. 

6. J C Vogei, Accuracy of the radiocarbon time-scale beyond 
15 000 BP. Radiocarbon 22 (1980) 210. 

7. J C Vogei, Dating possibilities for the South African 
Hominid sites. Palaeont. Afr. 23 (1980) 41. 

8. J C Vogei, Fractionation of the carbon isotopes during 
photosynthesis. Sltzungsberlchte der Heldelberger Akademie 
der Hlssenschaften Ptathematisch-natunrfssenschaftliche 
Klasse 3 (1980) 111. 

9. J C Vogei and J Kronfeld*, A new method for dating peat. 
S. Afr. J. Scl. 76 (1980) 557. 

10. 0 C Vogei and E Visser, Pretoria radiocarbon dates II. 
Radiocarbon 23 (1980) 43. 

1981 

1. T H E Heaton and J C Vogei, "Excess air" in groundwater. 
J. Hydrol. 50 (1981) 201. 

2. A I Thackeray*, J F Thackeray*, P B Beaumont* and J C Vogei, 
Dated rock engravings from Vtonderwerk Cave, South Afr ica, 
Science 214 (1981) 64. 

3. H J van der Merwe*, A Curtenius Roosevelt* and J C Vogei, 
Isotopic evidence for prehistoric subsistence change at 
Parmana, Venezuela. Nature 292 (1931) 53,. 

4. J C Vogei, A S Talma and T H E Heaton, Gaseous nitrogen as 
evidence for denitrlflcation In groundwater. J. Hydrol. 
SO (1981) 191. 
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1982 

1. J Kinaham* and J C Vogel, Recent copper-working sites in the 
Khuiseb drainage, Namibia. S.A. Archaeol. Bull. 37 (1982) 
44. 

2. J C Vogel, Koolstofisotoopsamestelling van PlantproteTene. 
Natuurwetenskap en Tegnologie, 1 No. 1 (1982) 7. 

3. Y won Schirnding*, N J van der Merwe* and J C Vogel, In
fluence of diet and age on carbon isotope ratios in ostrich 
eggshell. Archaeometry 2« 1 (1982) 3. 

Conference proceedings 1. J C Vogel, Radiocarbon dating of the Palaeolithic. Proc. 
Xth IUSPP Congress, Commission I I , Mexico (1981) p 67-88. 

itevieuB 1. J C Vogel and T H £ Heaton, Gases in groundwater. 
Active 21 (1979) 20. 

Nuclear 

2. J Kronfeld* and J C Vogel, U fingerprints in groundwater. 
Nuclear Active 22 (1980) 30. 

3. J C Vogel and J Kronfeld*, Uranium down the drain. 
Active 25 (1981) 2. 

Nuclear 

CSIR reports l. R Meyer, J S V van Zijl, J C Vogel en F D I Hodgson*, Die 
ontwikkeling en evolusie van tegnieke vir die bepaling van 
die ontginningspotensiaal van grondwaterbronne in die Doorn-
bergbreuksone. Deel 1: Inleiding tot projekte en opsomming 
van finale verslag. NFNL Kontrakverslag (1979). 

2. A S Talma, Estimates of the atmospheric carbon dioxide con
tent near Sasolburg. Contract report (1981). 

3. J C Vogel, A S Talma and T H E Heaton, The isotopic, chemi
cal and dissolved gas concentrations in groundwater near 
Beaufort West, CSIR Research report FIS 392 (1980). 

4. J C Vogel, A S Talma and T H E Heaton, The isotopic chemical 
and dissolved gas concentrations in groundwater near Ven-
terstand, Cape Province, CSIR Research report FIS 391 
(1980). 

5. J C Vogel, A S Talma and T H E Heaton, The age and isotopic 
composition of groundwater in the Stampriet Artesian Basin, 
SWA. Contract report (1982). 
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Proposed research programme 
for the next three years 

Overall objective The calibration of the C-14 time scale will be pursued along 
with the normal dating programme. Ionium dating of Important 
climatic events will be undertaken together with isotopic pa-
laeoclimatic studies. The application of isotopes to hydrology 
will be continued on a somewhat reduced scale, as will fundamen
tal studies of isotopic effects of carbon and nitrogen in nature. 

specific objectives 1982/83 

C-14 calibration of the 3rd millennium BC 

ionium dating and Isotope studies on the tufas on the Gaap 
escarpment 

ionium dating of the Last Interglacial period 

isotopic investigation of groundwater in the Springbok 
Flats 

studies of carbon isotopes in soil and air 

investigation of C-13 content of plant proteins. 

1983/84 

palaeocllmatic studies in the Namib desert 

application of N-15 to nitrogen pollution 

isotope palaeotemperature determinations on speleothems 

ionium dating of calcretes 

• resumption of hall studies with deuterium 

1984/85 

• investigation of amino acids in bones 

studies of the continental carbon system 

• resumption of the Indian Ocean project. 
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Schmidt Mrs M D 
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Optical Sciences 
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Basson J MSc. 
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Bouwer H K Doktoraal 
Brink D J DSc. 
Chinnery D N W MSc. 
Diering R L 
Dierkse A 
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Du Toit A G MSc. 
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Lasserre M PhD. 
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Strauss A 
Tneron E MSc. 
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Van den Berg W 
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Van Huyssteen C F MSc. 
Van Hierlo L M 
Van Staden D J 
Van Zyl J 6 MSc. 
Vink Mrs A A M 
Voigts F 6 G MSc. 
Walters N M MSc. 
Uillner L H J 
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Lombard C BSc.(Ing) 
Meffert P 
Smith E D BSc.(Ing) 

PhD. 
Van der Merwe 6 J J 
Van Zyl B G MSc.(Ing) 
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NATIONAL MEASURING STANDARDS 
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Petter A 
Rees K 
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Carsten Miss G 
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Turnbull Mrs J 
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Bopape N D 
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A4 VISIT ING SCIENTISTS AND STUDENTS 

1. Prof. M Bentwlch, University of Tel 
Aviv, Israel (July - September 1981). 

2. Mr U Kiso, University of Regensburg, 
West Germany (to end of 1981). 

3. Dr A L Levine, Technlon, Israel 
(September 1980 - September 1981). 

4. Prof. K-J Range, University of Regens
burg, West Germany (April - August 
1982). 

5. Prof. B-Z Weiss (June 1981 - September 
1981, June 1982). 

6. Prof. H Wilsdorf. University of Vir
ginia, U S A (September - November 
1981). 

7. Or T Woodhead, Rothamstead Experi
mental Station, Harpenden, U K (Febru
ary 1982). 

8. Mr A Zeidler, Technische Hochschule, 
Darmstadt, West Germany (to end of 
1981). 
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AS VISITORS FROM ABROAD 

1. Or Conrad, Max Planck Institute, West 
Geraany (26 February 1982). 

2. Prof. R Davis, North Carolina State 
University, U S A (14 Deceaber 1982). 

3. Or R D Graetz, Riverina Laboratory, 
CSIRO, Australia (28 June 1982). 

4. Prof. 0 Kuhl*ann~Wi)sdorf, University 
of Virginia. U S A (28 October 1982). 

5. Dr Li, TSC, Taiwan (7 Hay 1982). 
6. Dr Liu. TSC, Taiwan (7 Nay 1982). 
7. Dr E Lottea, Counsellor, Israeli 

Eabassy (3 February 1982). 
8. Dr Shih, TSC, Taiwan (7 Nay 1982). 
9. Dr £ Teller, University of Califor

nia, U S A (22 April 1982). 
10. Hiss H Tuss, Nax Planck Institute, 

West 6enaany (26 February 1982). 
11. Dr J B Wachtaan, NBS, Washington, USA 

(9 June 1982). 
12. Dr J W Winchester, Florida State Uni

versity, U S A (6 August 1981). 


