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is observed, with the response “Lower than normal” attracting a greater number of

responses than “Higher than normal”.
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Figure 4.1.lg Distribution of accidents in relation to heat stress at time of

accident compared with norm for workplace

Table 4.1.lb

Summary statistics for heat stress at time of accident compared with

norm for that workplace

Type of Mine Number Average Std. dev. Std. error t-statistic
GI 29 0,03 0,19 0,034 1,00
G2 20 -0,15 0,49 0,109 -1,37
G3 60 -0,37 0,74 0,095 -3,86
G4 29 0,00 0,00 0,000 -

G5 70 -0,10 0,46 0,054 -1,84
G6 74 0,00 0,00 0,000 -

Gold 282 -0,11 0,45 0,027 -4,08
P1 22 -0.09 0,29 0,063 -1,45
P2 63 0,03 0,25 0,032 1,00

Platinum 85 0,00 0,27 0,029 0,00
~ ~Z ~ ..QA2 ...........2.~22 -3 8
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Table 4.1.lb provides summary statistics for this variable calculated on a similar basis to

the statistics provided in Table 4.1.la. Again, the analysis indicates that the frequency of

accidents is greater when the heat stress is below the norm for that workplace, for the

entire dataset, for the participating gold mines and for mine G3. However, as reported

previously, the magnitude of the effect is relatively small even though it is statistically

significant due to the preponderance of “Normal” responses.

The distribution of change in heat stress immediately prior to an accident is provided in

Figure 4.1.lh. It is evident that a change in heat stress was almost never identified.
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Figure 4.1.lh Distribution of accidents in relation to changes in heat stress

immediately prior to occurrence

Figure 4.1.1 i provides information on the availability of drinking water at accident locations.

It is apparent that in the majority of cases, drinking water was available, both normally and

at the time of the accident, although the distance of the drinking water supply from thework

place was evenly distributed over the three distance categories, viz. <50 m, 50-100 m and

>100 m. In most cases, adequate drinking water had been drunk by the mineworker

involved in the accident prior to the accident taking place.
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Figure 4.1.li Distribution of accidents in relation to drinking water

availability

An additional analysis considering the amount of water drunk prior to the accident in

association with the amount of timeworked during the shift prior to the accidentoccurrence

revealed no correlation between these two variables.

Figure 4.1. lj provides the distribution of physical exertion prior to the accidentas compared

with normal for the worker or workers involved in causing the accident. Again, the

predominant response was “Normal”. There was a slight preference for responses

indicating “Less than normal” over “Greater than normal”. This finding is confirmed in

Table 4.1.lc where the indication is that accidents take place more frequently when

physical exertion is less than normal. This finding applies on an overall basis, to gold

mines and on mine G2 in particular and is more likely an indication of how the data capture

forms were completed than of what the levels of exertion were prior to accidents.
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Table 4.1.2a

Summary statistics for normal visibility in workplace compared with

average for that type of workplace on the mine

Mine/

commodity
Number Average

Standard

deviation

Standard

error
t-statistic

Gi

G2

G3

G4

G5

G6

29

20

59

29

70

74

-0,07

-0,05

-0,08

-0,03

-0,01

-0,01

0,26

0,39

0,34

0,19

0,47

0,12

0,048

0,088

0,044

0,034

0,056

0,014

-1,44

-0,57

-1,93

-1,00

-0,26

-1,00

Gold 281 -0,04 0,32 0,019 -2,05

P1

P2

22

65

-0,05

0

0,21

0,00

0,045

0000

-1,00

-

Platinum 87 -0,01 0,11 0,011 -1,00

Total 368 -0,03 0,28 0,015 -2,20

Figure 4.1 .2b and Table 4.1 .2b show a similar perspective with regard to illumination level,

with approximately equal contributions from “Brighter than average” and “Dimmer than

average” with a predominance of “Average”.
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Figure 4.1.2b Distribution of accidents in relation to normal illumination at

accident sites
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Table 4.1.2b

Summary statistics for normal illumination levels at accident site as

compared with average for that type of workplace on the mine

Mine/
commodity Number Average Standard

deviation
Standard

error
t-statistic

Gi

G2

G3

G4

G5

G6

29

20

60

29

70

74

0

0

0,12

-0,03

0,09

-0,01

0,27

0,00

0,76

0,19

0,58

012

0,050

0,000

0098

0034

0,070

0,014

0,00

1,19

-1,00

1,23

-1,00

Gold 282 0,04 0,47 0,028 1,39

P1

P2

22

65

0

0,02

0,00

0,28

0

0,035 0,44

Platinum 87 0,01 0,24 0,026 0,45

Total 369 0,03 0,43 0,022 1,46

ln Figure 4.1.2c, the normal levels of noticeable dust and noticeable diesel emissions are

presented in comparison with the average for work places of the type where the accident

took place. Again, an “Average” response predominates for both variables with “Less than

average” and “Much less than average” being selected occasionally. This again leads to

the implication that accidents are more likely where conditions are more favourable, in this

instance, when noticeable dust or noticeable diesel emissions are less than average.
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Figure 4.1.2f Distribution of accidents in relation to visibility at time of
occurrence compared with norm for workplace

Table 4.1.2c

Summary statistics for visibility at time of accident compared with norm
for that workplace

Minel
commodity

Number Average Standard
deviation

Standard
error

t-statistic

Cl

G2

G3

G4

G5

G6

29

20

60

29

70

74

0,03

0

-0,03

0

0

-0,01

0,42

0,00

0,26

0,00

0,48

0,12

0,078

0,000

0,033

0,000

0,058

0,014

0,44

-

-1,00

-

0,00

-1,00

Gold 282 -0,01 0,30 0,018 -0,39

P1

P2

22

65

-0,05

0,02

0,21

0,12

0,045

0,015

-1,00

1,00

Platinum 87 0 0,15 0,016 0,00

Total 369 -0,01 0,28 0,014 -0,38

Similarly, Figure 4.1.2g shows that almost never was an accident immediately preceded

by a change in the visibility conditions.

Normal
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Figure 4.1.2g Distribution of accidents in relation to changes in visibility
immediately prior to occurrence

Figure 4.1.2h illustrates responses concerning the use of eye protection by the

mineworkers involved in the accidents considered. In approximately 77 per cent of cases

eye protection was not used, but only rarely was it considered that its use or lack thereof

was a contributor to the accident. The usage of eye protection at the time of accidents

conforms closely to normal use of eye protection by mineworkers, indicating it is not a

substantial contributor.
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Figure 4.1.2h Distribution of accidents in relation to use of eye protection
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Figure 4.1.3d shows that on a few occasions, 10 out of 369, a sudden increase in noise

level was observed immediately prior to the accident taking place. In all these cases,

however, it is unclear whether the increase contributed to the accident.
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Figure 4.1.3d Distribution of accidents in relation to changes in noise level
immediately prior to occurrence

Figure 4.1 .3e provides data on the availability, usage and effectiveness of audiblewarning

signals. It is evident that in relatively few instances (10 per cent) were audible alarms

available but where they were were they tended to be activated and heard. This implies

that, despite a warning signal being heard when activated, it was ineffective in preventing

the accident. Without data on the frequency of audible warning signals preventing an

accident, it is not possible to make an assessment of their degree of effectiveness.
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Figure 4.1.3e Distribution of accidents in relation to audible warning signals
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Figure 4.1.4c Distribution of accidents in relation to normal space for
movement compared with average in workplaces where
accidents occurred

Table 4.1.4c confirms the associations reflected in Figure 4.1.4c, where only on mine G3

is it observed to be statistically significant that accidents take place more frequently when

there is a greater than average space for movement.

Table 4.1.4c

Summary statistics for normal space for movement in workplace compared
with average for that type of workplace on the mine

Minel
commodity

Number Average Standard
deviation

Standard
error

t-statistic

Gi
G2
G3
G4
G5
G6

29
20
56
29
70
74

0,21
-0,10
-0,16
0
0,13

-0,01

0,56
0,45
0,60
0,00
0,61
0,12

0104
0,100
0,080
0,000
0,073
0,014

1,99
-1,00
-2,02

1,76
-1,00

Gold 278 0,01 0,48 0,029 0,38
P1
P2

22
64

0,05
0,06

0,38
0,39

0,080
0,049

0,57
1,27

Platinum 86 0,06 0,39 0,042 1,39
Total 364 0,02 0,46 0,024 0,92
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Figure 4.1 .4d provides the distribution of space for movement separately for the vertical

and both horizontal dimensions. The category less than 1 metre contributes over half of

each of the three distributions indicating that, in the majority of accidents, at least in one

dimension, the space for movement is restricted to less than 1 metre. While again the lack

of useable normalizing data prevents reliable assessment of the influence of space for

movement on safety risk, it is considered that the distributions presented in Figure 4.1 .4d

are representative of typical mining operations.
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Figure 4.1.4d Distribution of accidents in relation to space for movement in
workplaces where accidents occurred

Figure 4.1.4e and Table 4.1.4d show that there is a substantially greater departure of

responses from “Normal” on the issue of space for movement at the time of the accident

compared to the norm for the employee involved. While two of the mines, G2 and G6,

indicate that a greater number of their accidents occur under conditions when space for

movement is greater than the norm, two of the mines, G5 and P2, indicate the reverse.

The combination of these responses lead to the finding that, for the gold mines, accidents

tend to take place more frequently when space for movement is greater than the norm and,

for the platinum mines, the reverse holds. The same finding as for gold mines applies to

the overall data. On mine G6, the responses indicate that almost all accidents happen

AA
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4.1.5 Workers’ physical condition
Figure 4.1.5a illustrates the distribution of the ages of mineworkers linked with accidents.

The distribution reveals a paucity of mineworkers with an age less than 30, indicating that

mineworkers from this age group are less likely to be responsible for accidents than in the

older age groups. This is based on an assumed distribution of mineworker ages in which

there are similar proportions of mineworkers in each of the categories <30, 30-40 and 40-

50, with a reduced proportion in the category >50.
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Figure 4.1.5a Distribution of accidents in relation to age of workers
associated with occurrences

The results of analysing the experience of mineworkers associated with accidents are

presented in Figure 4.1 .5b. The distribution of mining experience presented in the left half

of the figure is considered to accord reasonably with the distribution of experience in the

overall mineworkerpopulation, thereby indicating that mining experience has little influence

on the rate of occurrence of accidents. In the right hand half of the figure, the distribution

of experience at the accident location reflects a short average of only 9,2 months, with the

majority of mineworkers linked to accidents having less than 6 months working experience

at the accident site. It is considered likely that these statistics may be representative of the

overall mineworker experience at any particular work place, although the distribution may

provide an indication that mineworkers with less than 6 months experience at a work place

may be more likely to be involved in an accident. Reliable normalization data would be

required to permit a more rigorous evaluation of this issue,

<30 30-40 40-50 >50

Age
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environmental factors. It is therefore concluded that the percentages provided in

Tables 4.3.lc and 4.3.lg constitute a suitable overall model for responses to the paired

comparisons.

4.3.2 Analysis of responses by type of mine
Respondents were employed at one of two platinum mines or at one of six gold mines. No

attempt was made to ascertain which specific mine employed the respondents and,

accordingly, theywere categorised either as gold or platinum mine employees. However,

this should notbe construed as implying that the results reported are necessarily indicative

of any generalized difference in perceptions (or lack thereof) between gold and platinum

mine employees.

Table 4.3.2a indicates the number of respondents from each type of mine and the overall

percentage of responses selecting the environmental factor for each type.

Table 4.3.2a

Number of respondents and selection of environmental factors by mine

type

Type of Mine Respondents
(n)

Percentage of responses
selecting the

environmental factor

Gold

Platinum

308

398

33,2%

34,7%

The hypothesis that the percentages observed for selection of environmental factors were

drawn from a distribution with a common average of 34,0 per cent yielded a X’2 statistic of

2,7 with 1 degree of freedom. The probability of achieving such a statistic exceeds 10 per

cent, indicating that there is no evidence of a difference between workers from the two

types of mines in their opinions regarding the importance of environmental factors.

Table 4.3.2b provides the identification percentages for each pair of environmental and

non-environmental factors by type of mine. The hypothesis that these percentages could

have been drawn from a distribution having a specific level of perceived importance for
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factors. The distribution of workers by workplace type is provided in Table 4.3.3a. Similar

workplace types were consolidated, in order to provide a sufficiently large sample for each

grouping.

Table 4.3.3a

Distribution of respondents by workplace type

Workplace type Respondents (n) Workplace grouping

Stope 306 Stope

Development end 106 Development

Haulage or crosscut

ips or station

97

40
Horizontal transport

Underground workshop

Surface (workers with u/g exp)

Other

75

2

73

Other

The chi-squared test was again applied, in this instance, to determine the degree of

difference in responses among various workplace groupings. The hypothesis that workers

from each grouping assign the same degree of importance to environmental factors was

examined. Table 4.3.3b indicates the overall percentage of paired comparison responses

selecting the environmental factor by workplace grouping.

Table 4.3.3b

Percentage of responses selecting the environmental factor

for each workplace grouping

Workplace grouping Percentage of responsesselecting the environmental factor

Stope

Development end

Horizontal transport

Other

36,2%

36,2%

33,5%

285%
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