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Safety in South African mines: An analysis of
accident statistics

by H.S. EISNER* and J.-P. LEGERt

SYNOPSIS
Published South African fatality and injury statistics for mine accidents are investigated. Where possible, the

South African statistics are compared with those of other countries. Commonly held attitudes to the South African
accident experience are also examined.

Analysis reveals that the published accident rates present a more favourable picture than the rates actually ex-
perienced by underground workers. In addition, fatality rates in South African underground gold and coal mines
do not differ significantly and have remained stable over the past decade, although the injury rates have decreased
rapidly. No evidence was found that this is due to improved safety, and a comparison with international fatality
and injury data suggests that it is not. The underground fatality rate for South African coal mining is, on average,
eight times that of the UK, four times that of all EEC coal mines taken together, and over double that of the USA.
Despite the unreliability of the injury rates, much has been made in South Africa of their rapid decline, an emphasis
that appears to be misplaced.

SAMEV A TTING
Die gepubliseerde Suid-Afrikaanse sterfte- en beseringstatistiek vir mynongelukke word ondersoek. Waar moontlik

word die Suid-Afrikaanse statistiek met die van ander lande vergelyk. Algemene houdings wat betref die Suid-
Afrikaanse ongelukervaring word ook ondersoek.

Die ontleding toon dat die gepubliseerde ongeluksyfers 'n gunstiger prentjie skep as wat werklik deur ondergrondse
werkers ondervind word. Verder verskil die sterftesyfers in Suid-Afrikaanse ondergrondse goud- en steenkoolmyne
nie beduidend nie en hullehet die afgelope dekade stabiel gebly, hoewel die beseringsyfers vinnig gedaal het.
Daar is geen bewys gevind dat dit aan grater veiligheid toe te skryf is nie, en 'n vergelyking met internasionale
data oar sterftes en beserings dui daarop dat dit nie die geval is nie. Die ondergrondse sterftesyfer vir Suid-Afrikaanse
steenkoolmynbou is gemiddelde agt maal ho~r as die van die VK, vier maal ho~r as die van alle steenkoolmyne
van die EEG saam, en meer as dubbeld die van die VSA. Ten spyte van die onbetroubaarheid van die beseringsyfers,
is daar in Suid-Afrika groot ophef gemaak van die vinnige daling in hierdie syfers, iets wat blykbaar misplaas is.

Introduction
Attention in South Africa (SA) was once more urgently

directed to mine safety by the fire at the Kinross gold mine
in the Transvaal (1986) in which 177 men lost their lives,
the explosion in the SASOL Middelbult colliery (1985)
with 33 fatalities, and the explosion at Hlobane colliery
(1983) in which 68 were killed. Even if such disasters
claiming multiple fatalities are not necessarily charac-
teristic of the total accident experience in the mining in-
dustry, where casualties usually tend to mount in ones
and twos, a glance at the casualties suffered in recent
years in SA immediately invites comparison with ex-
perience in other major mining countries. This paper
makes an attempt, first, to establish the significance of
published South African statistics on mine safety and,
second, to compare them where possible with those of
other countries. It is left to further work to seek reasons
for any discrepancies that may be found between them.

Accident Experience in South Africa
Statistical Basis

SA annually publishes two detailed sets of mine-
accident statistics: one by the Department of Mineral and
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Energy Affairs (DMEA), a government department that
covers all mining in the country and is responsible for
the administration of the safety and health of all mine-
workers, and another by the Chamber of Mines of South
Africa (COM), a mine owners' association to which most
major South African mines belong.

Table I shows the distribution of labour in SA betwe~n
the various mining industries. Both sets of statistics report
accidents, fatal and non-fatal, based on statutory returns
by individual mines to the DMEA. The bulk of 'report-
able accidents' are those ending in death, permanent
disablement, or absence from work for 14 days or more.
In other major mining countries, non-fatal accidents are
already reportable or notifiable to one or other govern-
ment agency when rather fewer workdays have been lost
(4 or more in the UK, 1 or more in the USA). In SA,
therefore, only those accidents are reportable that have,
on average, more serious consequences than those report-
ed elsewhere. This makes comparisons of the incidence
of non-fatal accidents difficult.

Accident Rates
The CaM and the DMEA publish annual lists of

numbers and rates of fatalities and injuries in different
mines or geographical regions. In these lists, rate is
defined as the number of fatalities or injuries that have
occurred in one year among 1000 people 'in service'. The
average number in service is 'the total of all persons
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Type All mines! CaM mines only2

Gold 524 513
Coal 119 74
Others 111 68

- -
754 655

DMEA CaM

Year 'in service' 'at work' 'in service' 'at work'

1978 0,91 0,96 1,09 1,13
1979 0,93 0,96 1,11 1,24
1980 0,81 0,83 0,94 1,09
1981 0,82 0,86 1,05 1,22
1982 0,97 0,99 0,98 1,15
1983 1,16 1,24 1,49 1,62

Year On surface

1978 0,63
1979 0,53
1980 0,62
1981 0,65
1982 0,61
1983 0,44

2 JANUARY 1988

TABLE I
DISTRIBUTION OF LABOUR IN SOUTH AFRICAN MINING (1985)

(Labour 'in service' x 10-3)

registered in the books of the establishment on each in-
dividual day of the month, divided by the number of days
in the month. NB- Mine and Group Black police must
be included'3. The 'in service' figure is usually some-
what larger than the 'average number at work' that is used
in some other tables. This is defined as the 'total shifts
worked during the month, including Sunday shifts but
excluding overtime, divided by the number of working
days'. The latter figure gives a rather more realistic pic-
ture of the actual exposure to hazards. Table 11demon-
strates the effect ofthe two definitions on fatality rates.

TABLE 11
FATALITY RATES IN SOUTH AFRICAN COAL MINES (1978-83)

The 'at work' rate for coal mines is between 4 and 10
per cent larger than the 'in service' rate, which is the one
usually published annually by both the DMEA and the
CaM. Further, both the DMEA and the CaM (with two
exceptions4) have for many years chosen to publish rates
that include everyone working in or about a mine, Le.

R =
All casualties (surface plus underground) x WOO.
Total (surface plus underground) number of

people in service

However, in mining, the rates of casualties sustained
underground are usually considerably higher than on the
surface; the rates generally quoted in SA are not strictly
characteristic of mining, with its mainly underground
hazards. This is illustrated in Table Ill, which is based
on 'at work' figures and excludes opencast mining.

TABLE III
FATALITY RATES IN COM COAL MINES'

(per 1000 'at work' per year)

Underground

1,46
1,72
1,37
1,58
1,58
2,46

Thus, the usually quoted rate calculated according to
the above equation gives a much more favourable pic-
ture than the rates published in other countries, which
clearly distinguish an underground rate, Le. casualties ex-
perienced underground compared with man-hours or
man-shifts actually incurred there. Since the DMEA in
its published statistics does not distinguish between the
two rates, these figures were obtained from them in a per-
sonal communication5. Again, opencast mining was
excluded.

An example of this is furnished by a comparison made
in 1983 by the COM4 of fatality rates in South African
gold mines with US underground metal mines, which is
'the closest equivalent' to the former. The comparison
for the year 1982 states that, in these US mines, the rate
was 0,93 'which compares with 1,25 for South African
gold mines'. What is, in fact, compared here are the total
(surface + underground) fatality rates. The underground
fatality rates for the same year are 1,08 and 1,66 respect-
ively-a rather larger difference.

A further complication arises for coal mining: there
is a sizeable discrepancy between the proportions of
people described as surface workers by the DMEA and
by the CaM. This is shown in Table IV. The DMEA
count all persons carrying out actual mining work in
opencast coal mines as underground workers. Since open-
cast casualty rates are on average smaller than under-
ground rates4, this rather unusual convention would
tend to make the DMEA coal-mining underground fatali-
ty rates slightly more favourable than if opencast mining
were counted separately; the effect is small because the
opencast labour force is relatively small.

TABLE IV
PERSONS 'AT WORK' IN COAL MINES (1983) x IO-j

Organization On surface Underground Total

DMEA
COM*

49,9
42,2

53,4
27,0

103,4
73,6

*Excluding opencast

Table IV also shows that, according to the DMEA
figures, the coal-mining surface labour force is larger than
the underground labour force. In fact, this has been the
case since 1978; it does not apply to the DMEA figures
for gold mining nor, of course, to the CaM figures for
either. It is therefore likely that the DMEA coal-mining
surface figures include all manner of personnel not direct-
ly involved in coal winning or transporting, e.g. office
staff, police, hostel workers, etc. Even so, the discrepancy
is large and contrary to experience in other countries,
where the number of underground workers generally ex-
ceeds the surface workers. Moreover, it is by no means
clear why these proportions changed suddenly in 1978;
no indication of any changes in the counting is given.

We are now in a position to compare the normally pub-
lished fatality rates with the true underground rates for
coal mining (Table V). The differences between these two
rates are 34 per cent and 37 per cent for the CaM and
the DMEA respectively. Thus, the normally published
fatality rate is in both cases substantially more favourable
than the true underground rate. Since miners everywhere
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COM DMEA

Year U nderground4 Published Underground5 Published

1978 1,46 1,08 1,23 0,91
1979 1,72 1,11 1,41 0,93
1980 1,37 0,94 1,29 0,81
1981 1,58 1,05 1,28 0,82
1982 1,58 0,99 1,44 0,97
1983 2,46 1,49 2,16 1,16

Fatality rates Injury rates

Gold Coal Gold Coal

1978 1,93 1,46 n.a. n.a.
1979 1,59 1,72 n.a. n.a.
1980 1,69 1,37 n.a. n.a.
1981 1,60 1,58 40,4 18,7
1982 1,66 1,58 40,2 13,2
1983 1,70 2,46 36,5 14,3

South Africa

Year COM DMEA USA UK

1978 1,5 1,2 0,52 0,23
1979 1,7 1,4 0,79 0,21
1980 1,4 1,3 0,72 0,20
1981 1,6 1,3 0,92 0,14
1982 1,6 1,4 0,70 0,17
1983 2,5 2,2 0,49 0,15

TABLE V

PUBLISHED (SURFACE PLUS UNDERGROUND) FATALITY RATES (PER
1000 'IN SERVICE') AND UNDERGROUND RATES (PER 1000 'AT WORK'

PER YEAR) IN COAL MINES

usually work either underground or on the surface, and
only very rarely alternate between the two, there is no
actual mining activity to which a total (surface plus
underground) rate would be relevant.

Table VI gives an idea of the respective underground
fatality and injury rates for gold and coal mines in SA.
From this it can be shown that, at any rate for the CaM
mines, the underground fatality rates for gold and coal
do not differ significantly; the injury rates for gold, on
the other hand, are significantly larger than for coal.
From the same tables4, the total (surface plus under-
ground) fatality rates for gold are also significantly larger
than for coal.

TABLE VI
UNDERGROUND CASUALTY RATES FOR GOLD AND COAL MINING

IN COM MINES (CASUALTIES PER 1000 'AT WORK' PER YEAR)

n.a. Not available

Comparison with Other Countries
The comparison of safety records is extremely difficult;

it is essential to compare like with like. Since conditions
in South African gold mines are unique, it is not poss-
ible to make valid comparisons with gold mining else-
where. Much of the present study must therefore confine
itself to coal mining. Even so, the comparison of South
African coal-mining accident experience with that in other
countries is beset with various difficulties.

The first difficulty concerns mining methods and con-
ditions. South African coal mining is a mixture of in-
seam, room-and-pillar, and longwall methods. In this
respect, it resembles coal mining in the USA, rather than
in west (or east) Europe, where some form of longwall
mining, either in-seam or horizon, is usually practised.
As regards conditions, coal mining in SA is generally held
to be no more difficult than in the USA, and probably
less so than in Europe6. This is because of its generally
shallower workings, which nowhere exceed 400 m-less
than the average for the UK and very much shallower

than in other European countries, but comparable with
the USA.

Second, accident rates elsewhere are related to man-
shifts or man-hours, a figure not published in SA. It was
necessary, therefore, to convert the exposure figures of
foreign mining to meet the South African yardstick. For
this purpose, the latter's 'at work' rather than 'in ser-
vice' figures seemed appropriate.

A relatively straightforward comparison of the under-
ground fatality rates is possible with bituminous mining
in the USA. Although the fatality and injury rates
published by the US Mine Safety and Health Administra-
tion7 are calculated by reference to an exposure of
'number of employee-hours', they also give an 'average
number of workers' -a summary of the actual number
of persons working at individual mines during the period
(not necessarily continuous) of active operations. This
perhaps comes nearest to the South African concept of
'average number of persons at work'. Table VII provides
a comparison of underground fatality rates in the two
countries.

TABLE VII
UNDERGROUND FATALITY RATES IN COAL MINES (PER 1000 PEOPLE

AT WORK PER YEAR)

Table VII also gives the fatality rates obtaining over
the same period in the OK. The original fatality rates in
that country, which relate to underground man-shifts,
were again converted to average numbers of men at
work8.9. Here, the South African coal-mining under-
ground fatality rates are on average eight times those in
the OK.

A direct comparison of injury rates in SA with those
in other countries is not possible because of the different
definitions of reportable or notifiable injuries used. How-
ever, the European Community's Health and Safety
Commission, since 1980, publishes annual statistical
tables of casualties sustained underground in coal mininglO,
the injuries being graded in four different categories:
(i) fatal; (ii) over 56; (Hi) 21-56; and (iv) 4-20 days ab-
sent from work. A recalculation of the rates given in these
tables on the basis of an average number of persons at
work produced Table VIII, which also gives the various
rates for the Federal Oerman Republic (FOR).

The underground injury experience in SA for both coal
and gold mines is given for comparison in Table IX.

The magnitude of the South African (14 + days) under-
ground coal-mine injury rate is of the same order as the
UK (> 56 days) rate; it is certainly much lower than the
UK (21 + days) rate. Had the South African accident rate
been similar to the UK rate, the SA (14+ days) would
have been higher, because the frequency of accidents rises
with lower threshold values for lost time (as shown by
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Numbers Days absent from work
at work

Country (1OOOs) Fatal > 56 21-56 4-20 >3

1980
All EEC 352 0,40 16 55 139 210
UK 184 0,21 8 35 122 165
FOR 122 0,63 23 67 103 193

1981
All EEC 348 0,31 17 53 133 203
UK 178 0,14 8 32 103 143
FOR 124 0,55 25 64 105 194

1982
All EEC 336 0,29 16 50 120 186
UK 170 0,18 7 28 84 119
FOR 122 0,38 23 61 97 181

Coal Oold

Year COM DMEA COM DMEA

1981 19 16 40 n.a.
1982 13 13 40 n.a.
1983 14 12 36 n.a.

TABLE VIII
CASUALTIES SUSTAINED UNDERGROUND IN EEC, UK, AND FGR

COAL MINES (PER 1000AT WORK PER YEAR)

TABLE IX
SOUTH AFRICAN UNDERGROUND INJURY RATES (MORE THAN 14

DAYS OFF WORK PER 1000 'AT WORK' PER YEAR)

n.a. Not available

Table 2 of the Workmen's Compensation Act Annual
Report for 198211). That the South African reportable
injury rate should be so much lower than the equivalent
UK rate, when the South African fatality rate is so much
higher than that of the UK, bears further examination.

Some figures of 'compensatable accidents'12 in all
CaM mines that were made available recently are of in-
terest in this connection. This injury rate, which is not
normally published, refers to accidents (surface plus
underground) that result in a loss of 4 or more shifts,
and is thus roughly comparable with the UK (4 + days)
rate. For the three-year period 1980-1982, the South
African rate lies between 75 and 60, and is thus very much
lower than the relevant UK coal-mine rateD, which lies
between 151 and 113. Bearing in mind that, for these
years, the injury rate (14 + ) in all CaM mines was about
2 to 3 times the CaM coal-mine rate4, it is noteworthy
that the (4 + days) injury rate of UK coal mines should
be between 4 and 6 times as high as the CaM compen-
satable (all mines) injury rate, especially when the UK
fatality rate is so much lower than the CaM rate.

Such discrepancies in injury rates between the two
countries could arise for the following reasons:
(1) SA has lower frequency and/or severity rates than

the UK, or
(2) for accidents of similar severity, South African

mineworkers lose less time from work than their UK
counterparts, or

(3) a combination of the two.

Whereas (1) would depend very much on actual safety
conditions in a mine, (2) does not at all.

Senneck!4 and Shannon and Manningl5, among
others, showed that frequency rates in which an accident
is defined as an event causing the victim to lose time above
a certain threshold value are a poor measure of changes
in safety performance. In the UK, for example, where
fatality rates in coal mines have steadily decreased over
the past 60 years, injury rates (4+ days) have actually
increased over much of that time. However, if an acci-
dent is defined as an event that causes a certain type of
injury, e.g. fracture, amputation, detention in hospital,
such 'serious accidents' as have been reported in UK
mines for many yearsl6 produce rates that closely follow
the fatality rates. Accident rates derIDed on this basis are,
on the one hand, not so likely to be distorted by pressures
(such as economic ones to return to work earlier) or, on
the other hand, by a progressive tendency to a later return
to work becoming socially acceptable. Fatality rates and
serious-injury rates are therefore much better measures
of changes in safety performance than lost-time accident
rates and, in the UK, both the factory and the mines in-
spectorates now use frequency rates based on this defini-
tion.

Since the South African underground fatality rate is
so much higher than in the UK, it is likely, though not
of course certain, that the South African injury rates,
which are a good deal lower than the corresponding UK
rates, are affected by factors other than safety. No doubt
so are the UK rates, but the South African (14+ days)
threshold provides much more scope for this than the UK
(4 + days) threshold; it is much less demanding to shorten
a 14-day convalescence period by one day to 13 days
(when the accident becomes non-reportable) than to do
the same with a 4-day period.

That this is, indeed, likely can be seen in Fig. 1, which
has been based on Table 2 of the Workmen's Compen-
sation Act of South Africa 1941, Report on the 1982
Statistics!!, which gives the distribution of periods of
absence for the temporary disablement of Black workers
insured with Mutual Associations and Exempted Munici-
palities. Most of the accidents (about 77 per cent) occur-
red in mines. It will be noticed that the large majority
of accidents (some 82 per cent) led to periods of absence
of less than 14 days, and that an abrupt fall in accident
frequency occurs on or about the 14-day threshold. An
abrupt rise is also noticeable for the (4 + days) category
of accidents, i.e. the compensatable category. Both are
evidence of distortion. All this shows that injury rates
based on the present type of 'reportable accidents' are
not a good measure of safety performance because they
are easily affected by extraneous factors governing the
time taken to return to work after an accident. Further
research is needed to establish the precise nature of these
factors.

Changes in South African Mine Casualty Rates
Changes in the total rates (surface plus underground)

of fatalities and injuries for gold mines and coal mines
in SA are shown in Table X, which was compiled from
DMEA data. Table X shows that the fatality rates for
gold mines have not improved significantly since the early
seventies; for coal mines there was a slight, barely signifi-
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Gold Coal

Year Fatalities Injuries Fatalities Injuries

1970 1,20 57 1,05 24
1971 1,28 58 1,23 23
1972 1,24 51 0,77 19
1973 1,25 54 0,71 20
1974 1,21 56 1,14 22
1975 1,32 51 1,30 21
1976 1,39 52 1,03 21
1977 1,40 47 1,24 21
1978 1,49 47 0,91 17
1979 1,24 42 0,93 11
1980 1,34 38 0,81 9,3
1981 1,27 32 0,87 9,0
1982 1,21 32 0,83 7,2
1983 1,22 30 1,42 9,1
1984 1,15 27 0,63 7,2
1985 1,03 25 0,78 6,8
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Absence from work (days)

Fig. 1-Number of accidents leading to temporary disablement
of Black workers: Absence from work In days (based on Work-
men's Compensation Act Statistics, 1982, for the Exempted

Municipalities and Mutual Associations)

TABLE X
FATALITY AND INJURY RATES PER 1000 MINEWORKERS PER YEAR

IN GOLD AND COAL MINES (SURFACE AND UNDERGROUND)

cant, improvement over the same period. On the other
hand, there was a substantial reduction in injury rates
in gold mines, and an even greater improvement in coal
mines.

This decline in injury rates has been taken by many
South African observers as proof of a continuing im-
provement in mine safety. Thus, according to Wagner17,
'the number of reportable injuries has been nearly halved
during the past ten years, which can certainly be at-
tributed to the promotion of "safety through good
management".' Relly18 considers that 'the gratifying
decrease in work injury rates experienced by Anglo

American Corporation was the result of a well-managed
loss control system'. Stokesl9 sees the reason for the
decline in injury rates in gold mines between 1978 and
1980 in the newly introduced International Mine Safety
Rating system. No evidence that the decline in injury rates
is due to fewer or less serious accidents is given by any
of these authors. In view of the relatively long-standing
constancy of fatality rates, the decline in injury rates
seems to stem from some form of motivation to an earlier
return to work.

One such likely motivation does indeed lie in the intro-
duction in 1978 of the International Mine Safety Rating
(IMSR) scheme to CO M mines. While this sytem, which
awards stars to mines based on an 'audit' of existing safe-
ty provisions, was introduced at a time when the decline
in injury rates in these mines was already well under way,
it could thereafter have contributed to a concerted effort
by managements to stimulate mineworkers, both White
and Black, to an early return to work after an accident.
This would then open the way to the coveted 5-star award
to a mine, 5 stars being the only category requiring a max-
imum level of injury (but not fatality) rate. Since, some-
what paradoxically, 5-star mines also form the largest
single class of mines that participate in the scheme, the
pressure to conform is even greater.

Some Attitudes to Accident Experience
Some of the factors that distinguish attitudes in SA to

accident experience have already been mentioned. Thus,
SA is unique among major mining countries in adopting
so high a threshold as 14 days in its definition of a report-
able accident. Rightly or wrongly, this inevitably invites
the charge of indifference to lesser accidents. Similarly,
the belief voiced in the literature that falling injury rates
are necessarily indicative of improvements in safety, even
in the face of stable fatality rates, coupled with the satis-
faction derived from 5-star attainment in the IMSR
scheme based on this belief, suggests a distinct element
of complacency. A loss-control system can on occasion
prove counter-productive. During the inquiry into the
Hlobane (1983) explosion, a submission by a mines in-
spector quotes the following as the reason given by one
of the mine's officials for scoring out in a report book
a miner's observation of the presence of methane gas:
he wished to avoid 'hassles with the Loss Control Depart-
ment'.

There is also a noticeable tendency to attempt to 'cor-
rect' casualty rates by regarding years in which disasters
raised the rates as atypical. Thus, the Report of the
Government Mining Engineer for 1983 considers 'that the
death rate on the coal mines was almost double was due
to the explosion at Hlobane colliery. . . . If this accident
is excluded the death rate was 0,67, which is an improve-
ment on last year.' Such an appraisal might be justified
if multi-fatality incidents of this kind occurred only in-
frequently. In fact, in gold mines, although accidents in-
volving 6 or more deaths are responsible for at most 16
per cent of the annual fatalities, in the ten-year period
1976-1985 there were some 48 such accidents.

A curious attitude persists towards the personal element
in the causes of mine accidents. For many years, the
mining statistics of the DMEA have carried a table en-
titled 'Accidents: Personal Element. The extent to which
the personal element affected accidents on mines and
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Fatality rates Injury rates

Basis Gold Coal Gold Coal

Total (underground

+ surface)
13'In service' 1,31 I,ll 37

'At work' 1,38 1,24 33 9,7

Underground
15,4'At work' 1,69 1,69 39

TABLE XI
PERSONAL ELEMENT (1983)

Cause

1. Danger inherent to (sic) work or misadventure
2. Defective plant or material
3. Fault of injured person

A. Carelessness
B. Ignorance
C. Disobedience

4. Fault of management
5. Fault of gangers
6. Fault of others
7. Joint fault of any of the parties .referred to in 3, 4, 5,

and 6

98,33
0,19

100,00

works.' This table divides the causes of accidents into
seven distinct categories. Part of the 1983 version is
quoted in Table XI.

The various percentages differ slightly from year to
year, but their orders of magnitude hav~ remained much
the same. Two features stand out. FIrst, the DMEA
recognizes a category of accident that would appear to
be unavoidable and part-of-the-job as representative of
the overwhelming majority of accidents. Second, personal
responsibility, in so far as it contributes to accidents at
all, is seen to be largely that of the injured person,
management (higher or lower) bearing only a very small
part of the 'blame'.

.Such attribution is unique in the literature of accIdent
assessment, and leads one to question how it is arrived
at. Most attribution studies consider that the type of
accident that is unforeseeable (e.g. due to an as-yet-
unsuspected new technical problem) or that is due to
faulty material or equipment that has slipped through a
thorough inspection schedule is relatively rare, and that
most accidents fall into the category of human error of
some kind, roughly equally divided between the injured
person and management. This has been documented for
both mining and factories in the UK20.

Finally it is often held in SA that gold mining is more
hazardou~ an activity than coal mininil. As evidence
for this, the respective published fatality rates are cited.
However, as was shown earlier, these rates are made up
of the casualties and labour forces in both surface and
underground workings of a mine. Table XII shows the
average casualty rates for CaM ~old and coal mines
calculated on three different bases.

TABLEXII
AVERAGE CASUALTY RATES IN COM MINES (1978-1983)4 PER

1000 PER YEAR
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Further calculation shows that the fatality rates taken
annually on a total, 'in service', basis are significantly
different those for gold being larger than those for coal.
Howeve;, on an underground, 'at work', basis, there is
no significant difference on any reasonable level of con-
fidence between the two. The sizeable difference between
the injury rates may, once more, mean that gold miners,
for reasons other than safety, take longer periods off
work following an accident than coal miners. There is
therefore no reason to suppose that the underground ac-
tivities of gold mining are any more dangerous than those
of coal mining. Moreover, the surface fatality rates for
gold mines (COM) are significantly lower over the same
period than those for CaM coal mines, so that ~tis poss-
ible to say that, viewed as a complete operatIon, gold
mining is no more hazardous than coal mining.

0,13
0,08
0,35
0,05
0,28
0,42

0,16

Conclusions
The foregoing study of mine-accident experien~e in SA

over the past decade or so has led to the folloWIng con-
clusions.
(1) Published mine-accident statistics in South Africa do

not always distinguish clearly between surface and
underground casualty ra~. Without thi~ dis.tinction,
it is not possible to momtor the actual fIsk Involved
in underground work. The fatality and injury rates
normally quoted are not wholly based on under-
ground work but on a hybrid, surf~ce-plu.s-u.nder-
ground, activity that the overwhelming maJonty of
mineworkers do not experience, and that presents a
more favourable picture of accident experience than
the facts warrant.

(2) Rates based on reportable injuries ~as dist~ct from
fatalities) are not a good measure of Industrtal safety,
because they depend not only on the frequency ~d
severity of the injuries suffered, but also, qUIte
strongly, on a variety of socio-economic factors that
determine the time taken for workpeople to return
to work after an accident. When, as in SA, the thres-
hold at which accidents become reportable is high,
Le. 14 days, these factors are given even more scope
than when it is low, e.g. 1 or4 days as in other coun-
tries.

(3) While fatality rates in South Africa's gold and coal
mines have remained remarkably stable over the past
decade the injury rates have decreased rapidly. No
eviden~e has been presented that this decrease is due
to improved safety. In fact, there is so~e ev~d~nce
that it is not, particularly when South .Afncan Injury
rates in coal mines are compared wIth those from
abroad. Again, it is likely that socio-economic fac-
tors play a role here; further research is needed into
the precise nature of these factors.

(4) Despite the basic unreliability ?f inj?ry rat~s, ~uch
is made in South Africa of theu rapId dechne In re-
cent years. This emphasis appears to be m~splaced.

(5) The underground fatality rate for South Afncan coal
mining is, on average, eight times that of the OK, four
times that of all EEC coal-mining countries taken
together, and over double that of the US~. .(6) The finding that the overwhe.lmi~g maJonty of
mining accidents in South Afr~ca IS due t~ some
danger inherent in the work or mIsadventure, Instead



of being the fault of either the accident victim or of
management, is at variance with all published work
on this subject. Whatever evidence there may be for
such a pronouncement should be made available.

(7) The underground fatality rates for South African
gold mines do not differ significantly from those for
coal mines. The surface fatality rates for gold mines
are significantly lower than those for coal. That the
injury rates for gold are twice those for coal is again
no reason for the frequently repeated assertion that
gold mining in South Africa is more hazardous than
coal mining. Again, further research is needed.
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Engineering and the environment*

In June 1972, the United Nations World Conference
on Human Environment was held in Stockholm. This
Conference produced the 'Declaration on Human En-
vironment', which contains the conclusions reached in
the Conference and principles for improving the quality
of life.

Article 3 of the Stockholm Declaration reads: 'Man has
constantly to sum up experience and go on discovering,
inventing, creating and advancing. In our time, man's
capability to transform his surroundings, if used wisely,
can bring to all peoples the benefits of development and
the opportunity to enhance the quality of life. Wrongly
or heedlessly applied the same power can do incalculable
harm to human beings and the human environment. We
see around us growing evidence of manmade harm in
many regions of the earth: dangerous levels of pollution
in water, air, earth, and living beings; major and undesir-
able destruction and depletion of irreplaceable resources;
and gross deficiences harmful to the physical, mental and
social health of man, in the man-made environment, par-
ticularly in the living and working environment'.

Principle 18 of the Declaration states: 'Science and
technology, as part oftheir contribution to economic and
social development, were to be applied to the identifica-
tion, avoidance and control of environmental risks and
the solutions of environmental problems, and for the

*
Released by The Federation of Societies of Professional Engineers
(FSPE). P.O. Box 61019, Marshalltown, 2107 Transvaal.

common good of mankind.'
The Stockholm Declaration was confirmed at its tenth

anniversary in Nairobi in 1982, when the Nairobi Declara-
tion was approved. This stresses the need to intensify
efforts-at world, regional, and national level-to pro-
tect and improve the environment. .

The Committee on Engineering and Environment of
the World Federation of Engineering Organizations
(WFEO) , of which The Federation of Societies of Pro-
fessional Engineers (FSPE) is a Founder Member, ex-
amined the implications of these declarations for the
engineering profession. In a recent (April 1987) Informa-
tion Bulletin they quote from the Nairobi Declaration:
'Particular attention should be paid to the role of
technical innovation in promoting resources substitution,
recycling and conservation. Prevention of damage to the
environment is preferable to the burdensome and expen-
sive repair of damage already done. Preventive action
should include proper planning of all activities that have
an impact on the environment'.

Individual engineers would do well to bear this in mind.
In order to help engineers when they face problems in-

volving the environment during the course of their work,
WFEO is preparing a handbook. They have called for
engineers to provide information, from their own ex-
perience, that can be included in the publication. Copies
of a questionnaire in this connection can be obtained
from FSPE, P.O. Box 61019, Marshalltown, 2107.
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Engineering schools*
Since 1981 the Federation of Societies of Professional

Engineers (FSPE) has sponsored girls to attend engineer-
ing schools run by The Federation of University Engineer-
ing Students (SAFUES). The girls are chosen from those
who excel in the National Youth Science Olympiad.

Because some universities prefer to hold their engineer-
ing schools in the April school holidays, which is too early
to identify these girls, only Std 10 scholars were invited
this year. The Std 9 girls who were not invited this year
will be invited to attend an engineering school in 1988.

Of those who were invited, 16 accepted FSPE's invita-
tion, and 12 completed and returned its questionnaire:
6 have decided to make engineering their career-2 elec-
trical or electronic, 3 civil, and 1 chemical; 4 were still
undecided but, should they decide on engineering, would
choose electronic (2) mechanical (1), and chemical (1).
The Engineering School helped the remaining 2 decide
that engineering would not be the right career for them.

All agreed that attending an engineering school was a
valuable experience. The visits to organizations that
employ engineers were particularly popular, although
some of the girls felt they should have had more contact
with engineers in their work situation. According to the
girls, there is still a degree of discrimination against
women in engineering-it is still widely regarded as
'man's' work.

The21 girls who were sponsored by FSPE in 1986 were.Released by the Federation of Societies of Professional Engineers
(FSPE), P.O. Box 61019, Marshalltown, 2107 Transvaal.

sent a second questionnaire, and 14 responded: 5 are
already studying engineering, and 1 will start the course
in 1988 (4 chemical, 1 civil, and 1 electronic). Their com-
ments prove that the SAFUES engineering schools are
of great value to the profession and that it is well worth
while sponsoring girls to attend.

During the Easter school holidays, FSPE sponsored
sixteen young Blacks, who are involved in the PROTEC
(Programme for Technological and Engineering Careers)
scheme, to attend the Engineering School at the U niver-
sity of the Witwatersrand. Questionnaires on their im-
pressions were returned by 13 of these young people-
all indicated that they have decided to become engineers
(7 opting for chemical engineering, 1 for civil, 3 for elec-
trical, and 1 for mechanical), and most said that the
Engineering School had encouraged them to make this
decision. The majority felt that engineering offered at-
tractive career opportunities and was important to the
well-being of the country.

These replies were very positive, but it was apparent
(from these replies at least) that, in addition to the extra
tuition in maths and science that these schoolchildren
need, urgent further provision should be made to help
them with their communication skills in the languages in
which engineering courses are conducted.

Information about the 1988 Engineering School can
be obtained from the Secretary, SAFUES, P.O. Box
61019, Marshalltown 2107 after the commencement of
the new academic year.

Weldtech 88
The Welding Institute's Autumn Meeting from 22nd

to 25th November, 1988, will take on a new look. As well
as the usual International Conference, the event will con-
tain a number of additional features that will enable
delegates to maximize the benefits of attending. The event
will also be modular in format so that delegates need enrol
only for those portions of the event that are of direct in-
terest to them.

Cracking or complete failure of a weld can result in
anything from minor inconvenience to massive cata-
strophe. Cracking or failure of a redundant member can
usually be remedied by an on-site repair, but failure of
a critical weld in, say, an offshore structure can cause
complete loss of the structure and an appalling number
of deaths. The common feature of most weld integrity
problems is that they can be avoided. This provides little
solace for those who have suffered as a result of failures
in the past, but one of the duties of the engineer is to
reduce the chances of failure occurring in the future.
Pooling knowledge and experience is essential to this
endeavour.

With the best will in the world to eliminate cracking
and failures, it is a fact of life that they will occur again.
Uncertainties will always be present when new materials
and techniques are exploited in an effort to satisfy in-

creasingly demanding service requirements. It is also like-
ly that, in the event of a major failure, the person in the
'hot seat' will have had no experience of handling such
a situation. He or she will need guidance on contractual
and legal aspects, as well as finding out what went wrong.
Again, it is possible to benefit from the experience of
others.

The Conference will cover fatigue, fracture, corrosion,
and inspection aspects of weld integrity-how to avoid
problems, and how to cope if they occur. It will attempt
to bring together the vast store of knowledge that exists
world-wide on these important subjects and provide a
forum for wide-ranging discussions. This will enable
delegates to learn from past failures as well as being up-
dated on the most recent developments in failure-avoid-
ance strategies and techniques.

Further information is available from

The Welding Institute
Abington Hall
Abington
Cambridge CBI 6AL
OK.
Telephone: 0223 891162; Telex: 881183 WELDEX G
Telefax: 0223 892588.
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