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EXECUTIVE SUMMARY

The original output of this project was directed at reassessing the survival strategy
following colliery explosions and fires. With regard to explosions, problems were
experienced with delivering the outputs with regard to strength requirements for refuge
bay bulkheads. These problems were resolved during a special meeting held early
during 1996 when the scope of the final output was redefined to focus on the
characteristics of the explosions that refuge bays could be subjected to in the
underground environment and how (it is anticipated) they would react to these
explosive forces. By comparing present practice with these requirements, an indication
of the present suitability of structure could be determined.

In assessing the characteristics of explosions use was made of experience at
experimental mine and explosion gallery facilities throughout the world. To determine
the effects explosions have on structures and human beings, use had to be made of
expenence gained in the fields of commercial and military usage. Information relating
to the construction of refuge bays on mines was obtained from codes of practice and
discussions with staff from the industry.

It was found that the most probable explosion forces that had to be catered for would
lie in the order of 140 kPa pressure. It is, however, not anticipated that the refuge bay
bulkhead would require this strength, at the practical distances it would be placed away
from the face. By using the 140 kPa specification the possibility of a lower order coal
explosion would also be catered for. If the strength requirements were increased above
this specification of incidence of fatalities at these higher pressures would be so severe
that very few or no survivors would be left to make use of the refuge bay.

The refuge bay designs on the mines are more than adequate in the event of fires
occurring. It is, however, doubtful whether the strength of these structures, as
evidenced by the codes of practice, would withstand an explosion. What is of greater
importance, however, is that the distance allowed between the face and the refuge bay
make the possibility of workers reaching the refuge bay in condition of low visibility
almost non-existent. To establish refuge bays at the intervals required to cater for
these conditions would place onerous requirements on the mines concerned. The need
for a survival strategy that incorporates an intermediate place of safety is indicated.

From the findings of this report it is thus recommended that a strength requirement for
designing refuge bay bulkheads of 140 kPa is used. To enabie these bulkheads to be
tested, it is further recommended that the establishment of a local test facility, where
local designs can be tested, be investigated.

It is also recommended that the use of an intermediate safe haven be introduced as
part of a revised rescue strategy.
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1.1

INTRODUCTION

This report, which deals with aspects of the design of refuge bays, is directed
at members of the mining industry, as well as the members of the SIMRAC
system. The purpose of the report is to give a rationale to determine the most
probable forces that a refuge bay would be subjected to, and from this develop
proposals which can be used in the design of these structures. By comparing the
determined requirements with the specifications of refuge bays presently being
used in underground mines, shortcomings in the system can be identified and
possible solutions proposed. This report also addresses the construction of
refuge bays, with specific reference to the construction method of bulikheads that
are used to construct refuge bays.

Finally, further action, as well as work based on the identified shortcomings, is
proposed. Although specific details, regarding the effects of explosions in the
underground environment and the methods to cope with them (due to the
uncertain manner in whjch they occur), cannot be given, the report,
nevertheless, does address the issue to the extent that decisions can be made
or further work formulated.

Scope of the Report

For various reasons the scope of this report was changed by the sub-committee
controlling its progress (SIGEH).

The revised requirements for this project can be formutated as follows:

To investigate the characteristics of methane and coal dust explosions in
underground coal mine workings.

To review the effect of such explosions on typical underground structures.

To list the existing practices being used by mines to construct refuge bays.
Specific aftention will be given to methods of construction, placement of bays
and the type being used.

To determine the ratio between the required thickness and the area of a
bulkhead fo cope with the explosion characteristics as determined in the first
part of this study.

These issues were addressed through relevant literature, as well as through
consultation with the experts in the field and in-house experience in dealing with
rescue and escape strategies. Although not contained in the scope, information
in the literature that is useful in devising escape strategies is also included in
this report.
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Constraints

Though the scope of the project required the determination cf the effects of
typical coal mine explosions on underground structures in order to quantify
these issues to a high level of certainty, it was found to be impossible. It became
evident that the nature of underground explosions is so diverse that is almost
impossible to predict the circumstances under which they would occur, and,
therefore, the effect of the explosion. In the light of the uncertainty about the
actual explosion, coupled with the effects caused by the underground geometry,
it becomes even more difficult to predict the forces that a structure will have to
withstand.

Although investigated in theory, on the whole overseas testing of bulkheads has
mainly consisted of using trial and error methods'®*’ where the bulkheads, that
have been designed, have been tested using actua! explosions in test mines or
galleries. By nature these test explosions were a simulation of what could occur,
but experience at these galleries found that actual explosions can often not
conform to the predictions and have lesser or more severe effects than what was
anticipated.

It was further indicated in the study that it is almost impossible to do a theoretical
design of a bulkhead unless very complicated and expensive finite element
simulations were conducted. The results of these tests, however, would always
be constrained by the inability to describe the explosion in the required detail.
Even after such analysis has been conducted, actual testing of the seal is then
still required. In the light of the above, and to effect as large a contribution as
possible, use has been made of case studies and empirical experience
worldwide to illustrate principles.

Where possible, techniques to improve the design have been provided but the
exact effect of these techniques on the bulkhead withstanding a specific
explosion could not be quantified.

EXPLOSIONS IN COAL MINES
The Characteristics of Explosions

An explosion occurs as the result of three components acting together. These
three components are a source of initiation, an oxidizing agent (usually the air),
and, thirgdly, fuel. In the case of coal mines, this fuel is either methane or
methane combined with coal dust. As legislation in all coal mining countries
requires the inertisation of this coal dust, it can be assumed that when a coal
dust explosion occurs something in the precautionary measures went wrong.

To enable an understanding of explosions and their effects to be quantified,
information regarding surface explosions, as well as explosions occurring in the
underground environment will be used. In many cases this information can only
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be found in the literature relating to commercial or military explosives or even
the effects of nuclear weapon blasts.

Explosions are usually high speed decompositions of solids or liquids into a gas
(In the case of methane the gas is oxidised into other gases), with the space
previously occupied by the explosive or fuel, i.e. after the explosion, filled by the
resuitant gaseous mixture which would be at a high pressure and temperature.

Principally two types of explosives will be considered.

The first type of explosives are high explosives which detonate rapidly after the
chemical reaction has been triggered by a mechanical shock wave that travels
through the explosive. A typical high explosive is TNT, one gram of which can
release 1120 calories of blast energy and at the moment of detonation
generates pressures of approximately 6,900 MPa within the initial gas
generated™. As the energy of these explosives is released so quickly and the
pressures generated rise $0 quickly, high explosives possess a characteristic
called brisance which is the ability to shatter.

Other types of explosives, like explosive gases, dusts or gunpowder, release
their energy at a slower rate either by buming or deflagrating, and, therefore, do
not usually posses the brisance characteristic. it should be noted that when
these slower buming explosions detonate, brisance could occur, however, it can
be assumed that explosions of methanefait/coal dust mixtures so seldomly go
into a detonation phase that the occurrence of brisance can be discounted.

When an explosion occurs the high pressure that is generated is transmitted to
the surrounding air and propagated as a shock wave that travels out radially
from the point of ignition. The idealized shock wave created by an explosion is
a steeply climbing pressure that rises to its maximum value after which it decays
over a longer period to @ minimum that is iess than the previous ambient
pressure. in Figures 1, 2, and 3 examples of such wave forms are presented.

In characterizing explosions the static pressure is almost always used as an
indication of the strength of the explosion. It is usually measured with a
transducer that does not disrupt the shock front or gas flow and the sensing
surface is oriented at right angles to the direction of travel of the biast wave.

The peak pressure, duration of the initial positive pressure phase, as well as the
velocity of the shock wave are all functions of the size of the explosion. The size
of the explosion is in turn a function of the amount of explosive fuel available.
The medium in which the explosion occurs™ also plays a role in the manner the
shock wave is propagated, eg. in water a wave will travel significantly faster due

" Although the medium through which the explosion travels is always air in mines, the explosive energy
attenuation in water is 50 much less, due to the incompressibility of water, that the lethal radius of an
explasion is about three times larger in water than in air.
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to the incompressibility of the medium. For the purposes of this study only
effects in air will be considered,

The medium that the explosive wave has to travel through has an attenuation
effect and, thus, the distance that the wave travels from the explosion also has
significant effect on the forces encountered by any object®. This pressure wave
travels much faster than the actual flow of hot gases expanding away from the
point of ignition, hence the pressure wave generated by an explosion invariably
precedes the flame front.

The Characteristics of Explosions in Coal Mines

Types of explosions

Two aspects need to be considered in determining the type of explosion that
could occur in a coal mine. The first aspect is the fuel involved with the
explosion. The fuels usuglly involved with coal mine explosions are methane
and coal dust. It should, however, be considered that although methane
explosions cannot be fully countered, the occurrence of a coal dust explosion,
in the light of the preventative measures prescribed and used, cannot be
accepted as an acceptable norm on which design decisions should be based.

The second aspect to consider is the type of explosion or the explosive
mechanism that has occurred.

The manner in which the fuel for the explosion occurs has a significant, if not
overriding effect, on the resultant explosion. The volume of the fuel in the form
of a gas-air body affects the static explosion pressure that develops. In the Lake
Lynne experimental mine which is an experimental facility run by the Pittsburgh
Research Centre (formerly part of the United States Bureau of Mines), tests
have been conducted with 7,4 m®, 36,8 m® and 53 m® volumes consisting of a
9,5 % mixture, with static pressures of 63,280 and 368 kPa, respectively,
obtained at the face. The flame length was approximately five times the length
of the original volume containing the methane -air mixture®. In a coal mine
section the most probable fuel for an explosion would be from an accumulation
of methane, which, if ignited, causes an explosion which would grow outwards
from the point of ignition until the side of the roadway is reached, after which the
explosion progresses along the rcadway. If the methane is the only fuel the
explosion will increase untit the fuel or oxygen is consumed after which it would
die out.

In the event of a methane ignition or explosion igniting coal dust the whole
picture is changed as the coal dust adds more fuel for the explosion and, instead
of a decreasing explosion, the addition of coal dust could actually increase the
intensity of the explosion as it progresses.
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If the gases are subjected to turbulence or mixing during the explosion, the
pressure achieved by the explosion is also increased. In tests conducted to
assess the strength of seals, Weiss, Greninger and others®*® gpecify that to
achieve the required 20 psig (140 kPa) pressure wave it was necessary to
create turbulence in the methane-air chamber by the use of water filled barrels.

An acceleration of the flame is brought about either by turbulence (from the
walls of the structure or from obstacles to the free expansion of the gases, like
equipment) or by pressure piling as the flame progresses down the tunnel. This
acceleration could lead to more rapid combustion, leading to either a rise or
maintenance of pressure®,

Pressure piling is an additional increase of pressure in the main body of
exploding gases brought about by the accelaration of gases from the back and
the constraining of the gases at the front caused by the tunnel walls as well as
a reluctance of the gases in front of the pressure wave to move due to
resistance from the sidewalls or other obstructions.

The explosion type

In assessing work done at the USBM, Maser ef af® classified explosions that
could happen in the underground coal mine environment into three groupings.

1 Simple deflagrations wherein the reaction zone travels away from the
ignition zone at constant velocity (significantly less than the speed of sound,
e.g. at about 1-2 m/sec).

2  Acceleraling deflagrations where the reaction zone accelerates through the
unburnt gas. As this causes a distortion of the flame front the process is seif
accelerating. The zone of acceleration creates pressure pulses which travel
at the speed of sound in ambient air. The feature of the shock wave is the
increase in speed and almost instantaneous rise-time. The pressure peak
or maximum pressure is greater than that of the simple deflagration.

3 Detonations occur when the shock wave and reaction wave move together.
This explosion is characterized by a high pressure (1 MPa) and a very short
duration, as the shock wave travels at a speed greater than the speed of
sound in the ambient air. Detonations could occur in very long (>60 roadway
diameters) or confined gas zones. It is, however, felt that these are unlikely
to occur in the underground environment. If, however, a gas is pressurized
to a high level, as could be the case in ideal wave reflection conditions, a
detonation in the gaseous explosion could occur. Under these conditions it
has been found® that the speed of the explosion could rise to between
2100-2400 m/s with respective pressure increase of between 0,5 and
90 MPa.
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Cybulski®®, in a similar fashion, classifies explosions into the categories
presented in Table 1.

Table1 TYPES OF EXPLOSIONS CONNECTED WITH CHEMICAL

REACTIONS

Name of the process | Velocity Mechanism of the heat
transfer

Thermic Very slow Conductivity, convention.

Deflagration From low to high | Conductivity, convention,
radiation

Detonation Very high Hydrodynamic

(>1000 m/s)

In Figure 1 the relationship of pressure and time for the three types of
explosions are presented in idealized form, and in Figure 2 the progression of
an explosion in the Buxton tunnel is presented. Figure 3 shows an example of
the progression of an methane explosion in the GP Badenhorst Tunnel, while
Figure 4 shows how all of the characteristics of the explosion are changed when
coal dust is part of the fuel.

in Figure 3 points a, and b, show the pressure of the wave as it travels along the
tunnel. In the 200 m length there is no real change. In Figure 4 it is evident how
the initial pressure (a, ) caused by the methane is much lower than that caused
by the coal dust igniting {b,). When the flame has progressed down the tunnel
only then is the maximum pressure obtained (c,).

Aspects influencing the Force of Explosion

The prime characteristic of an explosion is the speed at which the reaction
ocecurs. In a coal mine, the explosion can also be characterized by the speed
of the expanding burning gases, the speed at which the pressure pulse travels
down the roadways, the increase in static pressure and the temperature that the
gases reach.

Although the severity of an explosion is traditionally described by the results or
damage caused, it has been proposed that severity can also be indicated by a
combination of the pressure and the time of the explosion. If the explosion is
represented as a Displaced Cosine Pressure - time graph, the severity can be
indicated by the area falling under the graph''”.
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BUXTON FACILITY




Figure 3 TIME-PRESSURE-DISTANCE GRAPH OF A METHANE EXPLOSION
(Results obtained at the Kloppersbos Test Gallery)
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Figure 4 TIME-PR§S§QB§-DI§TANQE GRAPH OF A COAL DUST EXPLOSION
INITIATED BY A METHANE EXPLOSION

{Results obtained at the Kloppersbos Test Gailery)

2.3.1 Amount of explosive fuel

In air the peak pressure reached by the explosive products is proportional to the
cube root of the charge mass!'? of the explosive.

Work done by Nagy“'” indicated an increase in the explosion intensity as the
volume of methane increased. Figure 5 compares methane explosions where
doubling the amount of explosive (methane gas) lead to an increase of almost

two and a half times the pressure. Apart from the increase in pressure the
speed of the explosion increased.

The experiments were conducted in a gallery where the cross-section was
constant and the contained volume of gas/air mixture was thus proportional to
the length of the chamber of gas. The amount of fuel was proportional to both
the concentration of methane and the volume of the gas/air mixture.



232

10

280

210 [
m .
%
e 140 L[ ™ 16m
2 e—
E Sm
o 70 L
o ~ 7.5m
x
©
2 1 1 1

6 8 10 12 14
Gas concentrations

Figure 5 EXPLOSION PRESSURE 15 m FROM FACE PRODUCED BY

IGNITION OF GAS-AIR MIXTURES IN 7, 5, 9 AND 15 m ZONE

Containment

Uncontained the pressure of a gas, or diffuse reactant, will not exceed 16 psi
(112 kPa). The reason for this is that the speed of the reaction will not exceed
the speed of sound which means that the positive wave cannot exceed the
absolute negative pressure (an Absolute Vacuum which is 16,7 psi (116,9 kPa)
at sea level™).

When the explosion is contained it results in raising the effective pressures and
prolonging the effect of the explosion. The maximum pressure that can be
attained with the optimum concentration of any gas or dust completely filling any
closed space (with complete combustion within the space) is about 700 kPa.
Changing the room size would only effect the time the perimeter of the exploding
gases take to reach the walls of the space. Smaller contained volumes would
reach this maximum level quickly whereas larger volumes would take longer to
reach the peak pressure!”,

The issue of containment is important in the design of bulkheads for refuge
bays, as well as for the construction of seals. When a seal is erected to close
off an old area, it contains the old area. In the event of an explosion occurring
behind the seal, the pressure generated will, ultimately, be determined by the
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amount of fuel behind the seal and the volume to which the explosion expands.
If the volume behind the seal and that of the explosion is similar, then the
explosion will become contained, with a significant expected increase in
pressure on the seals,

A bulkhead for a refuge bay is not subject to the same conditions as it is not in
a contained condition (except if the explosion starts in the bay itself, the
probability of which is neglectably small).

As the chances of an explosion originating at the face is greater than at the
bulkhead, the bulkhead would be subjected to a explosive wave and
overpressure that has already diminished significantly.

i
Thus care has to be taken not to accept the same strength requirements for
bulkheads as demanded for mine seals, as they have been designed for
significantly more adverse conditions.

The maximum pressure developed by a dust explosion can best be measured
in a 1 m’ vessel. Although it has been found that the pressure developed is not
a strong function of vessel size, the pressure developed in the Hartmann vessel
is in the order of two to three times lower than in a 1 m® vessel. As the dust
concentration is seldom optimum in practice, the 1 m® vessel usually gives
enough of a margin of safety so as to give representative values for contained
explosions™. it has been found that by using this technique, pressures, ranging
from 500-600 kPa for carbonaceous dusts and up to 1,3 MPa for aluminium
dusts, could be generated. Using the same method methane had a maximum
pressure of 750 kPa,

Size of the initiating energy for the explosion

The influence of the size of initiating energy on the progression has been
indicated by both local and overseas research. In the event of a larger initiating
energy source the explosion progresses at a faster rate.

Cybulski'® noted that an increase in power of the initiating explosion from 200J
to 1000J causes the static pressure to increase from 45kPa to 70kPa. In
latterday tests in the 20m tunnel at Kloppersbos* it was found that there was
almost no increase when the detonators strength was increased. This could
possibly be due to the relatively small amount of methane in the tunnel volume
or the unconfined nature of the explosion.

In the underground environment the prabability of a frictional ignition is higher
than other sources, e.g. electrical sparking or the misuse of explosives. When
an ignition is caused by the friction between the cutting picks and rock then such
an initiating event can be considered to be of low energy, which means that
explosions resulting from this would have a lower severity than those created in
test facilities where chemical or electrical igniters are used.
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However when such a methane explosion involves a large amount of methane
and is allowed to expand, it can serve to create enough of an initiating event to
ignite coal dust even when the amount of inert material is relatively high.
(Cybulski refers to an explosion that devastated a mine even when the amount
of inert material exceeded 80 %.)

Presence of suppressants

The presence of suppressants can reduce the effect of an explosion. Cursory
work done in the USA™ has indicated that the effects of even a methane
explosion can be reduced significantly by the presence of stone dust.

The ‘presence of stone dust, at the legal requirements, stops a methane
explosion from progressing to being a significantly more severe coal dust
explosion.

According to Cybuiski*® and confirmed by Du Plessis® the stone dust has the
following functional action.
It acts as a heat sink
it screens the radiation from combustion processes between coal particles.
The stone dust particles obstruct the diffusion of oxygen and combustible
gases.

Although not implemented in South African mines as yet, the use of an active
suppression system would reduce the effects of a methane ignition even if it
does not manage to douse such an ignition completely.

Release of pressure - distance from the source

L]

The highest static pressure is obtained at the face of the entry, and the
maximum pressure decreases as the distance of the gas body from the face
increases. No matter where the body of gas was located the highest pressure
recorded is at the face, and this pressure is usually two to four times higher than
the pressure 150 m from the face®.

Cook!" gives the peak pressure at any distance as a function of the initial charge
mass and the distance from the explosion. The following formula describes this:

Peak pressure = Alz + B/z? +C/z°
where spread of the explosion, z, is equal to
z = R(distance)/Q"?

and Q is the charge mass of the explosive.
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It has been found that for an explosion in the air, the last term of the equation
(C/2*) is dominant very close to the explosion (<10 charge radii), with the peak
pressure varying as the inverse of the distance cubed. At further distances the
first term starts to dominate with the peak pressure now varying as the inverse
of the distance from the explosion.

In practice this means that close to the explosion there is a significant drop in
pressure, while further out from the explosion there is a lower rate of pressure
drop.

This is borne out by the damage caused to structures and humans close to the
explosion, whereas only a relatively small distance away, very little or no
damage occurs.

Referring to work done by Maser® the effects of intersections and tums were
also determined. It has been found that the shock wave is attenuated by a factor
0,80 for every intersection passed. Thus, if three intersections have been
passed then the peak pressure of the wave would have been halved. This
aspect will result in lower pressure being experienced a distance away by bord
and pillar sections than in the case of long walls, where the entries are long and
straight.

This is of great relevance to the present study since these results were obtained
as part of a study to determine the optimum design of seals in underground
roadways.

From Figure 6 it is evident that there is almost a halving of the pressure over a
distance of a bord of 150 m. This decrease is more noticeable in the higher
volume explosion and higher initial pressures: When the initial pressure is lower
there is less of a pressure reduction. From this graph it is also evident why it
was difficult to obtain high pressures to test seals at distances greater than
100 m. This is of great significance for determining strength requirements as the
graph would tend to indicate that only massive methane explosions would be
able to reach pressures in excess of 140 kPa at distances greater than 150 m
from the face.

In Appendix G a summary is presented showing further ranges of explosion
characteristics as used for testing seals.

In assessing the pressure reading from various sources it was observed that the
maximum pressure peak obtained by controlied methane air explosions was 30
psig (210 kPa). It was also noted that the duration of the pressure pulse was in
the order of approximately 0,25 of a second.

This aspect is borne out and reported by Nagy® in work which determines the
way the maximum pressure is reduced by the distance travelled away from the
point of explosion. In Figure 6 this relationship has been presented.
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Effects of an explosion in a coal mine

In the underground environment explosiohs are more complex than those
measured in test situations using commercial explosions or a controlied
environment. Firstly, although the charge mass is small because of the density
of methane, its physical size is usually fairly large and its volume increases
significantly during and before the final completion of the explosion. Secondly
the explosion is contained within the tunnels, thereby causing a "gunbarrel"
effect where the still igniting gases are pushed down the tunnel caused by the
effect of the pressure wave being reflected from the walls.

The matter is exacerbated when an coal dust explosion occurs. Firstly the
charge mass is now increased due to the coal dust acting as fuel, and, secondly,
the explosive is actually caused by the action of the mechanical action of the
gases (the coal dust is being physically lifted into the air). Instead of the
explosive being depleted during the chemical reaction, it is being supplemented
all the time as the explosion progresses, which leads to the phenomena of the
peak pressure actually increasing with the distance that the explosion travels
{see Figure 4.) This will continue until the fuel or oxygen is depleted, after which
the explosion will reduce.
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These characteristics of explosions in coal mines could have led Cybulski'® to
note that even though much is known about explosions in coal mines, it is almost
impossible to predict their intensity and scope from the fuel and situation
geometry.

To give an indication of the severity and extent of explosions, as influenced by
the determining factors, Table 2 presents results obtained from major test
centres in the world.

Information on the effects of coal mine explosions on humans and structures are
usually in a less scientific form and difficult to use. The main reason for this is
that when an explosion occurs it is difficult to quantify the strength of the
explosion except through its results. As the situation just before the explosion
took place also has to be determined, real quantification of a cause and effect
relationship has little value. To obtain usable information, a comparison will
have to be drawn from commercial or military explosion experience, where
significant amounts of research have been done.

Table2 PRE RES OBTAINED WITH VARI NOITI
VARIQUS ESTABLISHMENTS
Test Institution/ Test Conditions and Static Over- | Distance I
(source’) Type of Explosion pressure in from
kPa Source

Tremonia™ Tests with a coal dust zone 50 % 25.8 At source
of length containing 80 % inert 171 200 m
materials.
Tests with a coal dust zone 50 % 28.8 At source
of length containing 80 % inert 17.2 200 m
materials.

Buxton!'® Coal dust explosions, dust on floor | 49.4 94 m
containing 50 % inert materials
Coal dust explosion with dust on 1326 94 m
floor containing 10 % inert
materials.
Coal dust explosion with dust on 184.5 94
fioor and shelves containing 50 %
inert mats.

P Badenhorst | 24 m? methane 56 -
36 m® methane 64 -
40 m® methane 72 -

36 m® methane and 20 m coal dust | 100

36 m® methane and 30 m coal dust | 150

36 m® methane and 50 m coal dust | 210
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Table2 (Continued)

T Test Institution/ Test Conditions and Static Over- | Distance |
(source’) Type of Explosion pressure in from
kPa Source
Lake Lynne®™ 50 m’ Methane @ 9.5 % 238 15m
43 m*® Methane @ 9,5 % 168 15m
~ 35 m®* Methane @ 10,5 % 112 15m
Lake Lynne!"” | Weak explosion with coal dust 35 -
Moderate explosion with coal dust | 105 -
’ Violent explosion with coal dust 288 -
Coal dust/methane detonation >700 -
piling
Lake Lynne!® | Normally expected explosions 140 60m
without excessive build-up of coal
dust™
Barbara®® Violent explosion weak initiator- 57 200 m
similar to what could happen in 130 160 m
coal mine. 287 source
Steady propagation of coal dust in | 200 200m
road

? Standard test conditions used for testing explosion proof bulkhead constructions.

3.1

THE EFFECT OF EXPLOSIONS IN THE UNDERGROUND ENVIRONMENT

In assessing the impact of explosions in the underground environment only two
aspects will be considered, the effect on humans and structures.

Although this study was involved with the design requirements of refuge bays
and refuge bay bulkheads, it is also necessary to determine the effects on
human beings. It would be senseless to erect structures underground which
could withstand the effects of high intensity explosions when these same
explosions would already have caused the death of all those that the structure
was intended to protect. In determining the upper range of forces that humans
can withstand, a good idea of the practical strength requirement for refuge bay
structures is obtained.

The Effect on Human Beings

Lees™ identifies the following factors that cause injuries and fatalities in people
subjected to the effects of an explosion.
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1) Heat radiation or direct burns.
2) Blast effects.
3) Combustion products.

The heat radiation threshold is set?" at 4,7 kW/m? for a period of no more than
30 seconds as bum injuries could occur above these levels of heat and time of
exposure.

The biological effects of blast are customarily dived into:

1

Primary - due to variation in local pressure.

'I“ypically the damage caused by blasts is in the form of lesions at or near
the interface between tissues of different densities. Air-containing organs
are especially affected .

The largest number of injuries or fatalities from blast effects are caused
either by the direct blast or the complex secondary waveforms causing
accelerations on organ walls in the thoracic region. The lungs are the most
susceptible to such damage®?.

Secondary - Associated with the impact of debris energized by blast, shock,
overpressure, blast winds and gravity.

Secondary missiles can cause a variety of injuries to the body including
lacerations, contusions, penetrating wounds and fractures. These injuries
depend on the mass, profile velocity and areas of the body, as well as the
objects involved.

Tertiary- comprising injuries from gross body displacement (translation)

This is mainly due to the body being moved through space and the resultant
decelerations encountered when impacting with another body or object.

Miscellaneous or indirect examples.

Thermal injuries resulting from fires initiated by hot gases or damage to
structures and material.

In the chemical industry gas explosions very similar to methane explosions can
occur. The exception being that they are mainly unconfined, so that the main
cause of death, when a vapour cloud explodes, is mainly due to the effects of
flame inhalation®®.

The extent of the flame radius is similar to the 70 kPa overpressure radius
(around the source of the explosion). As the probability of surviving the flame
is much lower than the blast effects, the danger threshold is taken to be 70 kPa,
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rather than the higher values that would be obtained if just the blast and direct
heat effects were considered.

The results for blast effects as determined by Williams'*? is presented in the
following table.

Table3 TENTATIVE CR IA FOR PRIMARY BLA

[ Critical Event'®? Related Max Pressure
~_psi (kPa)
ﬂ Felt as a sudden blow 2 (14)
Eardrum failure 5 (35)
Person knocked off feet 6 (42)
Lung damage threshold 15 (105)
Lethality:
threshold 3042 (210-294)
50 % 42-57 (294-399)
95-100 50-90 (350-630)

In quoting Glasstone®? Lees sets out the following relationships between the
explosion characteristics and the probability of injury.

Table4 LETHAL POT F A RELATIVELY FAST EXP
A POSITIVE PHASE OF DURATION 400 ms

Probability of Fatality in % | Peak Overpressure

inkPa
1 (Threshold) 245-315
50 315-385

99 385-455




19

Table5 RANGE FOR FASTER EXPLOSIONS 1-20 ms POSITIVE
PHASE DURATION

Probability of Fatality in % | Peak Overpressuq
in kPa
1 (Threshold) 100
10 120
50 140
90 175
99 200
L —‘* R ———

Table 6 PROBABILITY FOR THE EARDRUM RUPTURE. THE MAIN
N I ECT T EF|

I Probability of Eardrum Peak Overpressure !
Rupture in % in kPa

1 (Threshold) 16,5
10 19,3
50 435
90 84,0
Table 7 ABILIT! IN Y FR T. RD MISSILE
PBQ,!EQTESQ B8Y THE BLAST. (10 gm missile with a density of
2.65 gm/cm’ , glass.) ’
Injury Peak Overpressure | Impact Velocity
in kPa in m/s
Skin laceration:
Threshold 7-14 15
Serious wound;
Threshold 14-21 30
50 % Prob 28-35 55
100 % Prob 49-56 90

In assessing the effects on tunnel occupants, Considine® puts the lethality
range of people being killed by blast damage between 100 kPa (1 % of fatality)

and 200 kPa (almost 100 % of fatality).
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The longer the period of the pressure the greater the possibility of damage. A
pressure of 800 kPa acting for 5 m/s would have the same effect on a human as
a pressure of 425 kPa for a period of 20 m/s.

Table8 TENTATIVE CRITERIA FOR TERTIARY BLAST EFFECTS ON
IMPACT AGAINST A HARD FLAT SURFACE®®

Effect Impact Velocity m/s

Body

Mostly safe 3,0
Lethality threshold 6.0
Lethality 50 % 7.8
Lethality near 100 % 9,0
Skull fracture

Mostly safe 3,0
Threshold 39
Lethality 50 % 54
Lethality near 100 % 6,9

The above table assumes a travel of approximately 3 m. A longer duration blast,
however, can accelerate a body for significantly further distances. Stapczynski®”
calculated that for a typical adult weighting 75 kg a peak pressure of 105 kPa
from an explosion can produce an instantanecus acceleration of about 135 m/s?
or approximately 14 gravities. Whilst in the case of short duration blast the
accelerations might only last miltiseconds, and, therefore, the ultimate velocity
reached by a victim might be very low, longer duration blasts of lower pressure
could impart greater movement to a body.

The Effect on Structures

The majority of work on the effects of explosions on structure was done by the
military. In determining the effect, the wave is Characterized by the overpressure.
The effects on civilian type structures are given below, Very little information
with regard to mine structures, except for the testing of seals, could be found.

-
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Table9 EF RE T

]
H, Pressure kPa (PSI) Effects
0,14 (0,02) Loud Noise (137dB)
021 (0,03) Occasional Glass Breakage
028 (0,04) Loud Noise (143 dB)
085 (0,15) Typical Glass failure
7.0 (1,00) Partial demolition of house
140 (2,00) Partial collapse of walls of
21,0 (3,00 house
350 (5,00) Concrete block walls shatter
Utility poles snap
700 (10,0) Eardrums rupture rarely
850 (15,0) Building totally destroyed
2100 (300) Fifty percent eardrum rupture
>2100 (>300) Crater formation
Destruction of human bodz _

Structures subjected to the explosions will react differently to the blast of an
gaseous explosion than when subjected to effects of High Explosives. The
reason being the absence of the stress wave caused by the High Explosive.
Elasto-Plastic deformation of the structure will be caused by the “secondary
effect” of blast pressure, which has a lower level than that of High Explosions,
but is much longer in duration than the stress waves®.

The effects presented in Table 10 have been noted by researchers™ studying
the effects of military explosives on animals and structures.

Table 10 EFFECTS OF MILITARY EXPLOSION BLAST WAVES

Peak Qver
Pressure level Effects
(kPa)
20-40 TOL'. Small animals in the open
>55 TOL. 50 -pound animal in the open
190 TOL. Small animals in burrows
320 TOL. Larger animals in burrows
45 Lung damage to small animals in burrows
85 Lung damage to large animals in burrows
20-35 Ear damage to animals in the open
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Peak Over
Pressure level Effects
(kPa)

35-70 { Injury to birds in flight

35-70 | Toppling of small leaved trees
| 20 | Damage to tree branches

7 Damage to building walls/roofs

3,5 Skin penetration from broken windows
1.4 | Flight hazard to light aircraft

0,20 | Window breakage at low incidence
0,20 Impulsive noise limit 140 dB
E2 Tinnitus or ringing of ears

" Threshold of lethality (TOL).
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REFUGE BAYS IN SQUTH AFRICAN COLLIERIES

Requirements of Refuge Bays

The establishment, maintenance and function of refuge bays are defined in the
Minerals Act and Regulations:

“refuge bay shall mean a place in the underground workings which is
inaccessible to air containing noxious smoke, fumes or gases and which shall
be having regard to the maximum number of persons likely to be present in the
area served by the refuge bay-

)] Equipped with means for the supply of respirable air uniess conditions are
such that this is not required,

(i} equipped with a sufficient supply of potable water,

(iii) equipped with first aid equipment,

(iv) of sufficient size to accommodate that number of persons,

(v) equipped with a means of communicating verbally to surface,
(vi) situated where possible in an area free of combustible material.”

From the above it can be seen that the main purpose of the refuge bay is to
keep workers safe from the effects of poisonous gases and fumes, while the
structural requirements of the refuge bay are, thus, that it should be able to stop
any ingress of such gases and fumes into bay after an explosion. Although not
defined as such in the act it can be assumed that damage to the structure
should be contained to the limit that there should not be leaks of sufficient size
and number that would allow an inflow of gases into the refuge chamber itself.
It, therefore, stands to reason that the construction should also be such that the
support systems like water, air and communications should still be available and
working after the explosion.

While the refuge bay is not intended to protect workers from the actual
explosion, if the refuge bay does not function after the explosion it cannot
protect the workers Thus, the question that really needs to be answered is how
strong should the design of a refuge bay be in order to ensure the protection of
workers in the aftermath of an explosion The stronger the explosion, the higher
the strength requirements, but lesser the chance that a worker would be alive
to use the bay. Therefore, the practical strength requirements for a refuge bay
should not be significantly higher than the pressure at which the probability of
workers surviving the explosion and using the bay is minimal The criteria that
is used by the majority of countries is the static overpressure generated by the
explosive blast
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There is, however, another use of the refuge bay that is not influenced by the
effect of an explosion, that as gathering place for workers that have been
trapped for other reasons. Although the law has not identified this use, the
refuge bay should also be seen as a place where the workers can gather in
safety until they can be rescued. In this case the whole issue of life sustaining
and communication systems becomes more important than the isolation from
poisonous gases. Provision for a place of refuge in the case of flooding has not
been made for in the law. This might be a shortcoming that needs to be
addressed.

Methods Presently used in Collieries

Information, with regard to refuge bays in collieries, was obtained from the
codes of practice as kept in the regional directors offices. These could be
considered as the specifications to which mines would erect their refuge bays.
Further information was gained from discussions with relevant staff, as well as
other parties involved with the rescue of workers in the aftermath of a fire or
explosion.

Appendix A presents a table containing a summary description of the
construction types, siting, signalling and ventilation requirements for the majority
of larger collieries.

Siting of refuge bays

The majority of mines specify the proximity of the refuge bay to be in the order
of a kilometre from the working face, with some mines reducing this limit to
700 m and other extending this up to over two kilometres. This would mean that
in those circumstance where the furthest permissible distance is used, there is
a very low probability that workers would rezch safety. Although some of the
mines specify times within which the refuge bay should be reached (less than
30 minutes), the distances specified are not compatible with the specified
maximum distances, if conditions after an explosion are considered.

Construction of refuge bays

Refuge bays are constructed by two major methods. Firstly a bay or cubby is cut
into a pillar forming a blind road. This could be between pillars, or into a pillar
itself. The second method is to build two stoppings, or bulkheads, between
pillars to form a chamber.

Only one mine specified the thickness of the wall. Apart from this there is no
indication of how the mines define the strength requirements.

On the whole, specifications for the finishing of the walls, sealing the bulkhead

and safeguarding the pillar walls against spalling, are extensive and deemed to
be sufficient.
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Supplying of air

The majority of mines provide fresh air to the refuge bay by forcing air down a
borehole by means of a fan or blower on surface. It appears that no provision
has been made in case of the possibility of an pressure wave moving up the
borehole and destroying the fan’s operation. The fans are usually not coupled
to the boreholes until an incident necessitates it.

There is a discernable trend in the codes of practice that the more detailed the
design of the air supply, the longer the distance between the refuge bays.

Although one mine has made provision for routing air between seams, the
possibility of multi-seam workings might pose a problem in the supply of air
when surface boreholes are being used. This is also bome out by DurantS,

Design advantages

A large amount of attention has been given to the design of the surface
installation to supply air.

In one of the codes, use was made of mesh Suspended across the roadway to
direct workers to the refuge bay. This is a good concept as such a system would
not only have a high probability of withstanding the force of an explosion, but
would, in circumstance of low visibility, stop workers from going past the refuge
bay.

Identified shortcomings

On the whole no attenition is given to ensuring that the placement of signs, lights
or directing structures is done in such a manner that they could survive the force
of an explosion. These signs, while enabling the worker to become familiar with
the placement of the refuge bay under normal conditions, would not assist him
in finding the bay, if destroyed or moved by the force of an explosion.

Very little evidence is found in the codes of how the bulkheads, walls or doors
are to be designed. It is only pointed out that they should be robust or able to
withstand an explosion. Nowhere are actual design requirements laid down, and
only in isolated cases are specified thicknesses presented.

itis evident from discussions held with various industry members that keeping
fully equipped refuge bays at the required intervals is becoming a problem. The
main problem is the access and work on surface in providing the boreholes to
supply the fresh air.

Nowhere in the codes of practice is mention made of the overlapping of refuge
bays or the procedure of moving refuge bays.
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In the majority of cases use is made of methods employing vision to direct or
identify the location of the refuge bay. Work done by Van Rensburg™, as well
as post explosion experience, has highlighted the lack of visibility aven in the
case of fires. This would mean that these signs, although well placed and
installed, would have very little effect in getting the worker to the refuge bay.

it is the author's opinion that all the refuge bays detailed in the Codes of
Practice studied would be more than adequate to cope with the results, or the
aftermath, of an non explosive event that has led to the creation of poisonous
fumes and gases. However, when bad visibility and the effects of an explosion
have to be coped with, it is doubtful if the specifications will guarantee worker
safety.

ASPECTS IN THE DESIGN OF REFUGE BAYS

In designing the refuge bay the first consideration must be that the design
conform to the requirements of the law.

The second consideration is that it should have a high probability of fulfilling the
function it was intended for, in conjunction with self rescuers, as part of the
rescue strategy. It should be reachable during the period after an incident
occurs and while the worker is dependant on a self rescuer to sustain life. The
refuge bay should further be in such a condition that when a worker reaches the
bay, after an incident, it should afford the worker the protection it was intended
fo give.

Another use of the refuge bay is that it can become a place where the workers
can be kept safe for longer periods in the events other than fires or explosions.
In the case of serious roof falls, for example; it might take longer for the mine
to rescue the workers from the underground environment.

Another aspect 1o consider, regarding refuge bay requirements and the rescue
strategy as a whole, is the possibility of second explosions. At present the
whole Queensland®" rescue strategy is being reviewed to take account of the
possibility of a second explosion after the first has occurred. This has led to the
decision that rescue brigadesmen will only enter the mine after confirmation that
a second explosion cannot occur. This implies that rescuers will not always be
able to reach the refuge bay in the period that is presently given, extending the
time period for help reaching a refuge bay to more than a day. In such an event
it would be necessary to have a refuge bay that ensures a longer term air
supply. However the possibility of a second explosion is regarded as highly
unlikely in South Africa® and longer term usage of a refuge bay would be more
dependant on accessibility factors than the unwillingness of management or the
DME to allow the rescue brigadesmen underground. In any case the use of a
large-diameter surface borehole would be considered under these
circumstances.
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McCracken™ quotes the possibility of explosions being caused by the products
of fires in the underground environment. This is usually prevented by the
ventilation sweeping these gaseous products beyond the fire and the other
Products of the fire creating a barrier between the fire and the explosive
mixtures. In the event of the ventilation stopping, or surges in airflow being
experienced, the probability of an explosion could increase significantly. This
might affect the presently held attitude of sending brigades men into a coal mine
after an initial explosion or underground fire.

Placement of Refuge Bavs

Duriqg an exercise to determine the distances that could be travelied by workers
in the aftermath of an explosion, Van Rensburg, JP et a found that due to
problems with low/zero visibility the refuge bay should be placed within 500 m
from the work areas. The exact distance requirements will, however, be
influenced by the method used to assist workers to find the refuge bay.

it was recommended that less formal bays be considered, thereby allowing the
escape distances to be shortened. These bays should, however, be accurately
pinpointed on mine plans so that the surviving miners can be reached by
boreholes.

Travelling roads should be regarded as the preferred escape routes and
guidance should be provided right up to the door of the refuge bay, with unused
entrances barricaded or guidance system provided to prevent accidental entry
during escape conditions.

These local findings are well supported by the distance specifications as
determined by Maser et a™ who gives the following figures for placing the
refuge bay.

For a sixty minute movement period, the distance that can be travelled by
workers has been identified to be:

- below 0,76 m height the distance to shelter should be no more than

- ggro:' 1,07 m height the distance to shelter should be no more than

- ;Sﬁww 1,52 m height the distance to shelter should be no more than

- ;:;%\Bme 1,52 m height the distance to shelter should be no more than
m

Since initially foliowing an incident there is a period of time required to think and
orientate oneself and these figures have been based on a sixty minute self-
rescuer, the distances can be more than haltved to obtain the required distances
for local self-rescuers, with a duration of thirty minutes.
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Discussion of the Strength Requirements

The majority of work throughout the world into the strength characteristics of
bulkheads has been in terms of seals. Although the forces that will ultimately
impact on a seal might be different to that of a refuge bay bulkhead, and the
severity might be higher, the method in which these seals were tested provides
information of great value.

In both Europe and the UK, bulkheads are required to withstand pressures of up
to 500 kPa, which is seen to be the upper limit of static pressure reached by an
explosion of moderate strength®'?,

The negative pressure that a wall would experience is determined to be in the
order of less than 7 kPa. However work done by Westinghouse®, and Nagy'™”
indicates that provision should be made for the wall to withstand a negative
static pressure of 35 kPa.

To destroy a structure it is necessary for the pressure not only to reach or
exceed that which would be necessary to bring about static failure, but also for
it to do it for long enough to carry the element forward sufficiently to obtain the
critical deformation®. With a gaseous explosion the time of the pressure wave
is usually longer than with high explosives and, therefore, this critical
displacement is usually achieved if the pressure is sufficient to enable failure.

Structures should thus be built strong enough to withstand the static loading or
be physically of such size that displacement of the elements during the
overpressure period does not cause critical failure of the structure. Efforts
directed at restricting movement of the elements will also assist in maintaining
the integrity of the structure. )

Work to determine the strengths of buildings to withstand the effects of internal
gas explosions™”, found that because walls have a natural frequency less than
that of the rapidly changing pressure of the wave front, these changes would be
almost completely absorbed by the mass inertia of the wall. To refer back to the
conventional static basis, a formula was derived to give a uniform static loading
on the wall.

Explosion load P = 3 + P, kN/m?
Where P, is the recorded static pressure of the explosion (at the watl),

In the tests done at the Lake Lynne facility of the USBM in the USA evaluating
various types of seals, Weiss, Greninger and others®5® specify the pressure
that seals have to withstand, both for purposes of formulating revised
regulations’ and for the test purposes, as 20 pound per square inch (140 kPa).
In testing these seals they were so constructed that they were placed in a cross-
cut which means that the pressure pulse was obtained side-on to the main
pressure wave. This meant that the seal was not subjected to the dynamic force
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of the explosion, but only to a standardized rise in static pressure which was
presented head on to the seal. The pressure wave was obtained through the
ignition of a 14 m long, 2 m high and 5,8 m wide volume of 10 % methane air
mixture. To obtain increased pressures (25, 30 and + 35 psi or 180, 215 and
+250 kPa), use was made of coal dust placed on shelves close to the roof.

This would lead to the conclusion that in the case of a methane explosion in a
heading, without coal dust taking part, it would be highly improbable for
pressures a distance away from the heading to exceed 140 kPa (20 psi).

Although local pressure increases can be expected due to reflection of waves
off solid objects, there could also be a significant reduction due to the
altenuation of the waves going around comers or through intersections.

It should be noted that to enable testing at even higher pressures the explosion
wave had to be generated through the use of blasting powder.

In trying to determine what pressures should be accounted for when designing
bulkheads, Maser®, in determining the strength characteristics for reusable
bulkheads, found that the only two sources for experimental data are the US
Bureau of Mines and the European Community for Coal and Stee!.

In quantifying the resistance of bulkheads to explosion forces Mitcheli® notes
that it is impossibie to foretell what forces could be expected in the case of coal
dust explosions. He notes that work done in the USBM's experimental mine have
produced pressures ranging from 1 to 127 psig, and, in some cases, pressure
piling caused even higher, but unrecordable pressures. In considering the
pressures that bulkheads are subjected to, it must also be assumed that the
area is stonedusted according to the requirefnents of the law. This would lead
to a reduction of the wave, through attenuation, when the wave travels through
the inertised area. This is what could have led him to conclude that at distances
of greater than 200 feet (60 m) from the origin, and where the coal dust
accumulations are not excessive and the incombustible contents within the legal
requirements, the pressure will very seldom exceed 20 psig (140 kPa).

Other investigators® have found that for a side-on exposure a value of 20 psi
(140 kPa) overpressure should be used, but for a head-on close or direct
explosion, this value could be insufficient as pressure of up to 30 psi (210 kPa)
have been measured.

The duration of the pulse of the wave is in the order of seconds or fractions of
a second. As this duration is much longer than the response time of the
structure, the structure will respond to the pressure pulse as if it were a step
loading.

it is then further stated that research in the United States and in other countries
indicate that bulkheads designed to withstand a given static load will have a
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considerable margin of safety should it be subjected to a greater dynamic load,
for example, in a test conducted in the experimental mine a bulkhead designed
to cater for a static ioad of 14 psig (100 kPa) withstood 27 explosions developing
from 5 up to 50 psig (3,5 to 35 kPa).

Work done recently in Australia® to determine seal strength also confirm these
previous findings.

Table 11 STRENGTH REQUIREMENTS FOR SEAL IN OTHER COUNTRIES
AS SUMMARIZED BY MCCRACKEN™

Country To Withstand a Overpressure of: 4
Germany 525 kPa

United Kingdom 350 kPa

United States 140 kPa (60 m stonedust inbye)
Australia (proposed)

Normal conditions 140 kPa (100 m stonedust inbye)
Exireme conditions’ 345 kPa®®

These extreme conditions are specified to be *"When persons are to remain
underground whilst an explosive atmosphere exists in a sealed area and the
possibility of spontaneous combustion, incendive spark or some other ignition
source could exist”. This means that there is a high potential for a contained
explosion to occur behind the seal.

Latterday work in Australia into the design of normal seals favour the standard
adopted by the United States, but have, added a precaution of heavy
stonedusting for at least 100 m inbye from the seal. The purpose of this is to
ensure that there are sufficient suppressants to prevent any coal dust explosion
and to dampen the methane explosion.

Proposed Strength Requirements

In proposing a strength requirement for a refuge bay bulkhead the following
factors were assumed or taken into account.

1} The refuge bay would not be built closer than 100 m to the face.

2) Asthe most severe pressures are experienced at the face, any other point
of ignition would lead to lower or equivalent pressures at the refuge bay.

3) Inthe light of legislation and industry awareness the probability of a coal
dust explosion is now very low. Provision is made for the more likely
occurrence of a methane explosion.
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There is little purpose in designing a refuge bay if the explosion has been
so violent that there is an insignificant chance of survivors. In bord and
pillar workings a gas explosion is virtually uncontained. Since the
maximum pressure that can be reached in a totally uncontained gas
explosion is 112 kPa, a good estimate of the maximum pressure in bord
and pillar workings would be 140 kPa.

At 140 kPa overpressure the effects on people working in the section would
be:

(i) for very fast explosions about a 50 % fatality rate, while for slower
: explosions this could fall to less than 1 %

(i) almost certain probability of eardrum rupture

(iii) some workers would have suffered lung damage

(iv) probability that some workers would have been struck by missiles.

However, there is a strong probability that up to 50 % of the workforce
would still be alive following the explosion.

At overpressures of 140 kPa most normal building walls and stoppings
would have been destroyed and concrete walls or brick walls less than
300 mm in thickness would be seriously damaged.

it is therefore proposed that the strength requirements that a refuge bay

bul

fkhead should withstand is an overpressure of 140 kPa (1 Bar) and a pulse

period of 0,25 ms. By using these specifications to design the refuge bay, the

fol

lowing criteria or implications can be accepted.

The requirements will be equivalent to requirements for structures in the USA
and Australia.

Designs for seals and bulkheads produced by the USBM can be used with
safety.

A defiagration type of methane explosion will be adequately catered for.

The bulkhead would be capable of withstanding pressure from a methane
explosion in an open volume.

The bulkhead would not cope with a contained methane explosion, methane
detonation, or a violent coal dust explosion.

't would cope with a moderate explosion, with some participation from coal
dust.
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Thickness of the bulkhead
Initial work (1930) done by the USBM® using 350 kPa pressures (obtained
through the use blasting powder) indicated the following relationship between
thickness and width, if the bulkhead is to survive.

Thickness(T) >= Width/10

Rib Recess(R) >=Width/10
For soft coals this relationship was changed to:

Thickness{T) >= Width/8

Rib Recess(R) >=Width/5
In all cases the bulkhead thickness had to exceed 300 mm.
In later work (1970-1973)%” tests were also conducted to an upper pressure limit

of 350 kPa from which the following specifications were derived. These are
presented in Table 12.

Table 12 USBM RECOMMENDED STANDARDS FOR ACCEPTABLE

BULKHEADS FOR NORMAL MINING SITUATIONS

Type Minimum Thickness
Concrete v4
Concrete reinforced 10 ‘
Concrete block 400 mm
Fly ash 4
Gypsum /4
Rock, grouted W+H/2
Rock, packed 2t
| Sands bags WH/3
Where t = W or H, whichever is the greatest.
W = Average width of the passageway, and
H = Average height of roadway, plus the depth of recess for concrete

block and reinforced -concrete butkheads.
In the above table the following principles have been used.

- Sandbags are usually jute bags filled with loose sand and stacked in the
roadway.
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- Congcrete, both reinforced and plain, consisting of sand, cement and gravel,
with a compressive strength of approximately 21 MPa and tensile strength of
2,45 MPa,

- Concrete blocks are prefabricated blocks that have been used with cement
mortar to build either a single or triple layer (course) wall.

- Fly-ash and gypsum are mixtures with flexural strength varying from 0,7 to
4,2 MPa.

Hoiding™ in setting out means to design mine seals to withstand the effects of
coal dust explosions uses the following formula to determine the thickness of the
seal.

P,xA_

Thickness =
2(w + h) x f,

Where maximum explosion pressure in MPa

cross sectional area of stopping in m?

width of stopping

height of stopping

shear strength of concrete or coal, whichever is the lesser.
for concrete is taken to be 15 to 25 MPa

for coal is taken to be 5 MPa

«NeNgN E ﬂb:o
nanuan

itis calculated that to withstand a coal dust explosion with a pressure of 700 kPa
and using a safety factor of 3, the resultant seat thickness in a roadway with
dimensions 6 m x 3 m would be a 96 m long plug of concrete. Such
constructions would by their very nature be impractical for a refuge bay
bulkhead. ’

The formula can, however, be transposed to give the relationship between the
thickness of the seal and the area of the seal as follows:;

P
Thickness = A (?(—_;1)'):_7]
w o+ s

Design Aspects to Increase the Strength of Refuge Bay Bulkheads

As it has been noted that there are high local reflected pressures at short
distances down the cross-cut, it would be desirable to build a bulkhead flush
against the crosscut to prevent these reflections from occurring.

In studying the response of structures subjected to severe dynamic loads it was
found that materials with fibres imbedded reacted much better to withstanding
the effects of pressure pulses.
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Based on work done to develop explosion proof structures®™ the following
principles have been identified to be used in increasing the strength of bulkhead
walls.

Energy Absorption

When using this principle the wall or bulkhead absorbs the shock/overpressure
or temperature, but has enough strength to maintain its integrity and stability, as
well as the ability to seal out the atmosphere. This can be achieved through
various methods.

Energy Dissipation

To dissipate the energy a sacrificial wall element may be employed to absorb
energy and, in so doing, dissipate the energy before reaching the refuge-bay
wall. Loose rock or debris may be placed in a gabion type structure in front of
the wall to dissipate energy.

Energy Deflection

Provide a sacrificial chamber or structure to channel the shockwave away from
the refuge-bay structure.

The walls can be made more ductile by affixing reinforcing bars on the inside
and spraycoating them to the walls with a joining and covering medium™?,

There are distinct advantages in increasing the tensile strength of concrete,
either cast or sprayed, by the addition of fibres. The fibres, which can consist
of materials ranging from polyethylene, Kevlar, glass, carbon, et¢ substantially
increases the tensile strength of the material without the use of reinforcing
steel”. Research currently being conducted at the Lake Lynne facility by the
Australian company, Tecrete, makes use of these principles.

Practical Considerations with regard to the Establishment of Refuge Bays

Practical considerations in the placement of refuge bays

In deciding the placement of the refuge bay the first criteria is that it should be
within reach of the workers it serves. From local and overseas work this distance
lies in the order of less than six hundred metres.

To comply with these requirements it would be necessary for the mine to erect
a refuge bay at time intervals ranging between 36 shifts for a very low seam
(0,75 m) to about 185 shifts for a high seam (5,0 m). The time to erect such a
refuge bay would also be commensurate with the height of the seam being
mined due lo the increased thickness requirements of the bulkheads for higher
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seams. (Figure 7 represents a schematic graph indicating times between the
completion of a refuge bay for different seam heights.)

Tima between moves In shifts

Figure 7 TIMES BETWEEN ERECTION OF REFUGE BAYS, MAINTAINING THE

REQUIRED DISTANCE, FOR DIFFERING SEAM HEIGHT.

To comply with the above, and considering the number of sections in collieries,
it can safely be assumed that mines would require a full-time team busy building
bays.

Ventilation requirements further exacerbate the matter. A borehole from the
surface to supply air over the longer term to trapped workers means that for
every advance of 600 m a hole will have to be drilled from surface, as well
moving the surface installation to the new position. If the property belongs to the
mine the effects of such work on surface might not cause probiems. However,

if the surface belongs to a private owner problems could occur if these types of
activity are conducted.

It should also be remembered that when these holes have completed their
function they will need to be sealed off.

Allin all it would seem that compliance with the distance requirement would be
onerous and costly for the mines.
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The solution, as indicated by these practical considerations, is therefore
an alternative arrangement.

Practical consideration with regard to strength and design of refuge bays

If the shelter is chosen to be close to the working place then economics will
dictate that it be of a lightweight, portabie and reusable nature. If these shelters
are to be a permanent structure in or around the main haulage routes, then it
might be more economical to use monolithoic structures®,

The building of the bulkhead at speed, as in the case of building seals to confine
afire, need not be considered.

Use must be made of the coal surroundings, as it would have a comparable or
higher strength than concrete and exists in bulk. The coal need also not be
sealed.

Where cubbies or chambers are cut into coal the effect of a pressure differential
over walls between mine passage ways are also excluded.

Durant notes the following aspects with regard to supply of air to refuge bays.

- Accepted practice for ventitation is by boreholes from surface or by piped
compressed air from surface.

- Found that this process is difficult in deeper lying seams such as the
mountainous areas of Natal.

- Proposes the use of compressed air cylinders. Provision is made for a
maximum of 9 hours.

Work done by Kielblock et af*® has shown that without ventilation the CO levels
in a refuge bay, due to contamination from door openings and leaking to the
inside of the bay, could reach the TLV within 8,5 hours. This is when there is no
supply of air to the bay and the outside level is in the order of 1,5 % carbon
monoxide. in the event of this level dropping to 0,25 %, the time required to
reach the TLV is extended to 72 hours. A conservative estimate of life support
in a refuge bay without air is taken to be in the order of 5-8 hours. Compare this
to the Gloria fire experience where no explosive forces were present and the
time required to reach the miners with a rescue drill was about 21 hours and to
get them out about 46 hours®”.

This means that for bays where workers are to stay for longer periods there must
be a method to flush out the air or create a positive pressure inside the bay.
The use of oxygen might not be sufficient to ensure that the level of CO and CO,
caused by exhaled breath does not reach dangerous limits.
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This also emphasizes the importance of sealing the door to ensure that no
poisonous gases enter the bay during, or shortly after the incident, or when
there are workers inside after the incident.

N ION

Characteristics of Explosions

From the literature and worldwide experience it is evident that there is not such
a thing as a typical explosion as the pressure rise, duration and other
characteristics can be influenced by many factors.

Using the standards as adopted by the United States as well as Australia, i.e.
an explosion with an overpressure of 140 kPa, the strength requirements of the
refuge bay bulkhead can be specified and these would cater for a very large
proportion of the possible incidences.

This level of strength is desmed to be sufficient to cater for explosions that could
still occur even if the preventative steps to prevent coal dust explosions are fully
operational. To ensure that there is no risk of a coal dust explosion effects close
to the bays, stonedust should be kept to the 80 % level of inert materials for a
perimeter of at least two pillars around the bulkhead (based on US and
Australian criteria.).

Design Criteria for Bulkheads

There are no universal methods that can be readily applied to the design of
bulkheads without testing them in a facility where the explosive forces can be
simulated, .

Use of the standards as proposed for the USA, and as contained in the
appendices of this report, will, however, form a good basis on which mines and
structural designers can produce designs specific to their local conditions of
seam height, roadway widths, etc.

Acceptance of this overpressure standard will allow the use of overseas
technology to design bulkheads without the industry incurring the costs of
testing them.

It is doubtful if mines will be able to construct refuge bays much closer than a
hundred metres from the face which means that when the explosion is only an
ignition of methane the pressure levels should not exceed 140 kPa.

Designs for local conditions should be direcled at achieving the required
strength while using readily available and cost effective building materials and
techniques.
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Present Practice with Regard to the Construction of Refuge Bays

The present practice of constructing refuge bays conform to the law. It is
however evident that the practice does not yet encompass the practicalities of
reaching the refuge bays in the available time. On the whole the distance
between the working face and the refuge bay would not be travelled in the event
of bad visibility or disorientation of the workers.

On the whole the infrastructure of the bays, as presented in the codes of
practice is more than adequate.

The use of current methods to supply air by replacing the oxygen in the air
without causing a positive pressure or diluting the CO and CO, in the chamber
might lead to dangerous poisonous gas levels in the bay, as air permeates in.

Width to Height Ratios

There is no universal safe ratio between the width and height of bulkheads as
this ratio is dependant on the basic type of construction and the materials used.
The ratios as presented have been tested and found to be relevant for the
particular design application. New designs will, however, have to be determined
either empirically by testing or by comprehensive analysis.

General

The issue of keeping the refuge bay within reachable distance from the face is
seen to be one of the most important aspects identified in this study although it
was not part of the original scope. Attention will have to be given to address this
problem, ‘

RECOMMENDATIONS
The following recommendations have been indicated as a result of this study.

A standard should be decided on for the design of refuge bay bulkheads. Itis
recommended that an overpressure of 140 kPa be used as the most appropriate
level of explosion to be protected against.

A method of testing bulkheads for strength and leakage characteristics will have
to be established.

In testing these bulkheads use must be made of the same type of construction
methods which is used underground. The way that a bulkhead is constructed in
practice will have a greater effect on its strength than the way that the bulkhead
is designed. It would be of benefit if the actual staff that is going to build these
bulkhead do the construction in the test facility.
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Such a facility would allow new, innovative and locally appropriate designs to be
tested. It further foreseen that the establishment of such.a facility could be
relatively cheap as the only parameters that would have to sistulated would be
the explosive pulse in terms of overpressure and time. It is quite conceivable
that such a facility could be powered by commercial types of explosion that have
been customized to give the right results rather than use methane and coal dust
to obtained the explosive forces.

Methods should be found that will enable the ease of building and equipping the
refuge bay rather than focus on the cost of labour and materials. If the refuge
bay could be built at a significantly faster rate it could be kept close to the
worlu:ng face where it would have the greatest lifesaving potential.

To address the problem of maintaining a close distance to the workers the use
of intermediate havens and altemative rescue strategies will have to be looked
at. This would entail work into the following aspects.

(i) The concept of intermediate havens closer to the section and refuge bays
at more convenient and cost effective locations should be investigated.

(i) The specifications for the signs and the devices that lead workers to the
refuge bay must such that they must have a high probability of surviving the
effects of an explosion.

(iii) Considerations should be given to the design of refuge bays that are easy
to build and can withstand the effects of an explosion by maintaining the
sealing against the ingress of toxic gases rather staying structurally sound.

(iv) The design of methods that will minimize the ingress of poisonous gases
during the explosive overpressure.

{v} The use of methods to supply air in a safe haven as well as methods to
keep equipment safe from explosion blast in such a safe haven.
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APPENDIX A

SUMMARY OF REFUGE BAY SPECIFICATIONS FOR A GRQUP OF SELECTED
COLLIERIES

The summary specifications as contained in the tables have been obtained from the
codes of practice for refuge bays as obtained from the relevant area directors' offices
of the Department of Minerals and Energy.
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APPENDIX B
RELATIONSHIP BETWEEN DYNAMIC OVERPRESSURE AND WIND SPEED

In describing the effects of explosions on human being the following table has been
used to determine the speed of the winds and the dynamic pressure causing them.

Relationship between dynamic pressure and the wind velocities calculated at sea level
(Cook, M.A. Shock Waves in Gaseous and Condensed Media. The Science of High

Explosives. New York, Reinhold Publishing Corp. 1955. pp 322-352.)

) N ]
Maximum Wind Velocity

Overpressure in PSI| in mph (kph)

(kPa)
0.02 (0.14) 40 (64)
0.1 (0.70) 70 (112)
0.6 (4.20) 160 (256)
20 (14.0) 290 (464)
8.0 (56.0) 470 (752)
16.0 (112.0) 670 (1072)
40.0 (280.0) 940 (1504)
125.0 (875.0) 1500 (2400)
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APPENDIX C
RISK OF FATALITIES OCCURING FROM A VAPOQUR CLOUD EXPLOSION

The following graph graph shows the risk of fatality from an unconfined vapour cloud
explosion.

Hazard Analysis Course Notes, ICI Engineering. 1988)

Risk Of Fatality Fronm
Unconfined Vapour Cloud Explosion

) ! 2

A 111/
/

0.6 / /

Risk 0f / /
Fatality
0.4 / /

/ /
A1 1
A B 1

C 5 10 15 20 25 3 3% w0 & 5 55 60 65 70
Overpressure (xPal

! Persca in cenventional tuiiding

2 Person in open in chenmical plant
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APPENDIX D

EFFECTS QF EXPLOSION OVERPR RE

The following table presents the effects of explosion overpressure.

TABLE EFFECTS OF EXPLOSION OVERPRESSURE

Explosion Overpressure

Eeat

3.5Pa 0.5 psi)

Q0% gless breckage
No {atolity and very low probeiiiy of injury

7 ol psi)

Damage 1o intemal partikons cnd joine
but can be repaired Y

Probobiity of injury is 10%. No keiakity

12 WPa (2 pai)

Housa uninhobikeble and badly crocked

21 o {3 psi}

Rcinfofcod shuciures dision.

Siorage tonks foil .
m:hmodhbﬁqbcpenoninohn‘ldmg

—————

-—————

35k (S pai

70 IzPoHOpu'l

House uninhabitoble
Wagons ond plants items overturned
Theeshold of eardrum domage

S0% chance of fotoliy for parscr ia
a building ond 1 5% chance of f=ely for
@ person in the open

Threshold of fung domage

100% chonce of fora;i /ot 0 personin
a building o in the open

Complete demolition of houses

Hazard Analysis Course Notes, ICI Engineering. 1988)
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F EXPLOSION OVERPRESSURE (2

Information as supplied by Clete Stephan of MSHA (USA) to the Moura working group
no.5 to be the levels used by them for fatalities caused by blast overpressure.

Explosive Force Expressed as Effect
Pressure in kPa

1 Ears pop

4 Glass breaks

7 Knocks person down

14 Trees blown down

35 Rupture ear drums

100 Damage to lungs

240 threshold of fatalities

340 50 % fatalities

450 - 99 % fatalities
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APPENDIX F
EFFECTS OF OVERPRESSURE (3)

Based on observation made in Japan, various nuclear tests, experiments in shock
tubes, high explosive tests and theoretical analysis the following effects (of value to this
study) on structures of blast damage has been determined.

For certain structural elements with short periods of vibration (up to 0,05 second) and
small plastic deformation at failure the condilions can be expressed as a peak
overpressure without considering the duration of the blast wave. These structure would
be similar to the building of stoppings or walls without reinforcement or other methods
in the underground environment. These structures faif in a brittle fashion and thus there
is only a small difference between the pressure that cause no damage and those that
cause complete failure.

Conditions of failure of overpressure sensitive elements,
T

Structural element Failure Approx. side-on peak
overpressure in kPa
Glass windows, large and | Shattering usually, 3.5-7
small. occasionally frame
failure.
Corrugated asbestos Shattering. 7-14
siding.
Corrugated steel or Connection failure * 7-14
aluminium panelling. followed by buckling.
Brick wall panel, 8 inch or | Shearing and flexure 21-70
12 inch thick not failures.
reinforced.
Wood siding panels Usually failure occurs at | 3.5-7
standard USA house the main connections
construction. allowing the whole panel
to be blown in.
Shattering of the wall.
Concrete or cinderblock 10.5-38.5
wall panels , 8 inch or 12
inch thick ( not reinforced.
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APPENDIX H
MMARY OF REFERENCES PUBLISHED BETWEEN 1981 AND 1993

Source : Contract Report No. BX2125600 5665. CSIR: Division of Building
Technology, November 1995.
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APPENDIX J
PROPOSED CONCEPTUAL DESIGNS FOR THE CONSTRUCTION OF REF! AY

KHEAD

(Capita Selecta from Contract Report No. BX2125600 5665. CSIR: Division of Building
Technology, November 1995, and further correspondence with Dr. B.L. Lunt of Boutek.)

1.0

20

5.2

INTRODUCTION

Lunt and Barker, on behalf of Miningtek, devised design proposals for the
designs of refuge bay bulkheads according to South African standards. Initially
doubts were expressed about the validity of the strength requirements as
determined by the specified overpressures and pulse lenghts. The original
explosion characteristics, hoever, are so similar to those proposed by this study
as well as those used by the USA and Australia that these designs can be
considered to be quite valid for use in local conditions. This appendix sets out
a capita selecta of the presented report. the designs and motivation of the
design principles used.

Backaround

A literature survey indicated that there are several tried and tested bulkhead
construction methods used overseas that could be used as a guide in local
refuge bay construction. The established forms of construction of interest to this
project were essentially of two kinds, namely mass plugs and heavy wall
constructions.

Discussion with one of the modern mines (Khutala) indicated that these forms
of construction could be followed and in addition, because of the experience and
practices relating to ventilation stoppings and other wall constructions, two
further options would be viable as well.

The discussions at Khutala regarding constraints within the mine, that might
influence forms of construction, revealed that in a modern mines there were in
fact few serious constraints.

Constraints in the mine

The possible constraints associated with materials handiing, equipment,
manpower and construction time were discussed at Khutala. It has been
concluded that in a relatively modern mine there would be very few restrictive
constraints on materials and equipment as vehicular transport of materials such
as cement, aggregates, concrete blocks and equipment could be readily
accommodated and mixing water for concrete would be available.

5.2.1 Materials
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Materials such as in-situ concrete, shotcrete and solid concrete blocks, are
frequently used. Dump rack was generally not available and fragmented rock
and coal was not suitable as it was brittle and contained pyrites.

Materials handling

The main requirement would be that objects be of a size and mass that would
allow them to be man-handled, for example, conventional large sized concrete
blocks and 20 litre drums would be ideal from a handling point of view. Large
drums such as 44 gallon drums would be difficult to handle and therefore
unsuitable. Transport of cement and concrete aggregates would not pose a
problem and reinforcing mesh for shotcrete is commonly used. Containerised
transport of 8 ton and 3 ton sizes can also be accommodated in certain mines;
in others the mass may need to be limited to a half a ton.

Equipment

Any equipment that is transportable on a small truck may be used in a mine like
Khutala. Appropriate electrical equipment is also used.

Time restrictions

At Khutala it was not considered essential to be able to construct a wall very
rapidly and a five day construction period with a longer curing period would be
regarded as acceptable. (It was said that equipping the refuge bay could take
about two months, in relation to which the construction time was not too critical.)

Proposed refuge bay construction methods

.

In all of the forms of construction described below, except for the options using
roof trusses, it is essential that the base and sides of the bulkhead are keyed
(recessed) into the floor and ribs. (Bulkheads required to withstand the
horizontal force of a blast wave would ideally be keyed into all the surrounding
rock-faces - footwall, hangingwall and ribs, but keying into the hangingwall may
be difficult to achieve in practice.) The proposed designs are all for an opening
nominally 6 m wide and 3,5 m high, witha 1,8 x 0,9 m doorway and two 150 mm
diameter vent holes, as indicated in Figure 2. Figures 3 to 7 illustrate the
conceptual designs and give constructional details.

The parameters of importance in selecting materials for evaluation to provide
low strength, bulky structures for refuge bay enclosures are cost, strength,
durability and absence of noxious effects under both normal and disaster
circumstances. The criteria for strength and durability are not extreme (strength
requirements being low for mass plugs) and, while durability can be a serious

problem for concrete in a coal mine, the relatively short service life for a refuge
bay reduces the importance of this aspect of performance 10 a degree.




5.3.1 Mass plug type of bulkhead

These are plugs made of materials that cen be cast in place, preferably by
pumping the wet mix between the most convenient kind of formwork. At this
stage, the two materials regarded as most appropriate are foamed concrete
(with minimum aggregate content) and stabilised fly-ash (for collieries with
nearby power stations as a source of fly-ash).

Where major power generating facilities are situated close to the mines for
which refuge bays are required, ash can be utilised for low strength, bulky
structures. Test data for mixes incorporating ash and different forms of
stabiliser/activator for the ash which are being investigated are tabulated below.
These details pertain to the second series of mixes which adopted the most
promising of the binder systems identified in the initial tests but allowed for by-
product rather than the commercial form of activator in one instance and
extended the series to include coal in the mixes to simulate the use of mine

waste.
Flyash rgement Slagment | Hemi | Gypsum | Coal | 7 Day Str | 28 Day Str
Hydrate _hga MPa
100 4 4 04 0,8
100 4 4 0.5 1.3
100 8 8 05 1.9
100 8 8 05 1,8
100 8 i1 1,7
100 16 : 27 45
50 4 4 1 so 0,4 0,9
50 4 4 50 0.4 1.1
50 8 50 21 33

The mixes are described in terms of the ratios of the constituents, and with the
density of the principally flyash mixes being of the order of 1 500 kg per cubic
metre and the water contents of these mixes being 350 litres per cubic metre,
actual masses per cubic metre are approximately tenfold the values tabulated.
The mixes with a blend of coal and flyash are moderately denser and had lower
water contents so the multiplier is approximately twelve for the tabulated figures
to covert to quantities per cubic metre. Final quantities will vary stightly from

these approximate values depending upon the mix consistency as dictated by
construction practice and depending upon the mix constituent ratios.
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In addition to strength tests on the mixes as tabulated above, specimens have
been stored partially immersed in coal mine water for four months with no
evidence of deterioration during this period. Approximate stress strain
relationships to failure have also been recorded for all nine combinations of
material. It is worth noting that while the mixes incorporating coal did not display
any improvement in strengths relative to those with the total *filler” consisting of
flyash as would have been expected from the lesser water requirements, they
did display a capacity to sustain a high proportion of the failure load as
deformation was continued. This could be a highly useful attribute in the field
if several successive explosions occurred.

For relatively small openings, in the order of 4 m x 2 m, these plugs could be
between 1,2 m and 1,3 m thick, for material compressive strengths of 1,5 MPa
and 1,0 MPa respectively, based on reported test data. For larger openings,
such as seen at Khutala, up to about 6 m x 4 m, the required thickness of the
plug is suggested at (height of opening)/1,6 to (height of opening)/1,5 for a
material strength of 2 MPa. See Figure 3 for typical details.

The option for construction shown in Figure 3 is a very thick barrier of
unreinforced low strength cementitious material such as foamed concrete. This
is essentially the same kind of stopping that has been used in Europe, cast in
Gypsum and the cementious foam seals tested in the USA. These stoppings
work in the same way as a plug in a basic and because they are typically
unreinforced and of large thickness they have been referred to as mass plug
types. This type of bulkhead or stopping has been shown in full scale tests to
work well under moderate to very high blast pressures in relatively small tunnel
cross sections (between 8 and 20 m?).

The thickness of 2-3 metres suggested in Figure 3 for the range of compressive
strengths between 1 and 2 MPa are considered to be adequate to resist the
relatively low over pressure of 1 bar specified in the brief. Because only very
low material strengths are needed, it is possible to utilise pumped foamed
concrete successfully. The mass plug may be considered viable because it is
a simple structure, easy to build and requiring only the raw materials and
unsophisticated formwork such as rough timber. The only equipment required
that may not normally be found in coal mine would be a mortar/concrete pump.

Hybrid type bulkheads

Two forms of “hybrid” bulkhead have received attention, one having a foam
concrete or other low strength concrete core with reinforced gunite outer layers,
the other consisting of two solid concrete block walls with a concrete core
containing roof trusses.

The conceptual design of the first hybrid bulkhead consists of 60 mm to 80 mm
thick gunite outer layers, reinforced with a heavy mesh (9 mm diameter at
200 mm centres) or Y10 bars at 300 mm centres, with additional reinforcement
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around the door opening. The core would consist of 2 MPa foam concrete about
1 metre thick to give an overall thickness of 1,1 to 1,2 metres for the bulkhead.
See Figure 4.

The form of construction illustrated in F igure 4 of BOU/C29 is called a hybrid
because it combines the use of both low strength and reinforced high strength
concrete in a fairly thick composite wall. Because of the thickness of this wall,
its structural behaviour combines flexural resistance with internal arching action.
The idea of using this type of construction was prompted by the observation of
the use of reinforced gunite (shotcrete) at Khutala mine.

The construction of such a bulkhead would be in two stages. The first stage
would be casting of the low strength core material between rough shuttering
which would be removed before fixing the reinforcement of the outer layer that
would be completed with gunits. It is essential that the steel links between the
two outer layers be provided throughout the bulkhead, The core material could
be the same foam concrete as used in a mass plug bulkhead.

The advantage of this form over the mass plug would be the smaller volume of
aggregate required and the more durable surfaces of the bulkhead.

The second conceptual design consists of two 200 mm thick solid concrete block
walls spaced about 300 mm apart, with a 20-25 MPa concrete core. The core
would contain trusses spanning horizontally above door height and trusses
would be installed vertically on either side of the doorway. 8 mm diameter ties
would be built into every second course of the blockwork walls at horizontal
spacings of 500 mm, to link the two walls together. See Figure 5.

This form of construction illustrated in figure 5 of BOU/C29 makes use of a
combination of solid concrete blockwork walling and pre-tensioned anchor
trusses that are well known in the mines. it combines the structural resistances
of regular solid concrete black walls with the strengthening effect of a tensioned
net created by the trusses. The overall thickness of this type of wall would be
somewhat less than the type 1 hybrid and keying into the floor and ribs is
considerably aided by the anchorage or the trusses into the root, floor, and ribs.

Heavy wall type bulkhead

This is essentially a wall based on the American “standard” bulkhead built of
solid concrete blocks, stiffened with one or more pilaster,

For relatively small openings, in the order of 4 m x 2 m, these bulkheads could
feasibly be built exactly like those tested by the USBM. These bulkheads were
406 mm thick with a single centrally located 812 mm pilaster. For larger
openings it would be necessary to have more pilasters, with as many as three
for openings of about 6 m x 4 m. It woutd be important that quality contro] on the
construction of such bulkheads was good. Also, keying of the pilasters to the
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floor and roof would be essential.

The heavy masonry bulkhead illustrated by Figure 6 of BOU/C29 is based
directly on the descriptions of solid concrete block masonry referred to in the
USA literature as a standard type seal and on the structural principles for the
design of load-bearing masonry. The design shown in the report makes-use of
the horizontal spanning capability of masonry between vertical restraints, which
in this case are provided by the recess into the ribs and floor and by the heavy
pillars (pitasters in American terminology) which fimits the magnitude of the
horizontal spans.

The use of fully bonded solid concrete block masonry was regarded by the
American mines as the most convenient method of construction, probably
because of the availability of blocks and of block-laying skills. The large size of
blocks generally used makes it possible to build a wall very rapidly, but it must
be emphasised that in order to be successful, all the bedding and perpend joints
must be completely filled with mortar of good quality.

The structural action is regarded as largely the arching action that does develop
in masonry which is restrained against in-plane movement at its perimeter.

One of the advantages of this form of construction is the ease of transport of the
basic construction components.

Reinforced concrete bulkhead

This form of construction, shown in Figure 7 in the report, is commented on
ahead of the two hybrid forms, because it will make the term hybrid type easier
to understand. .

This type of bulkhead corresponds to the slender wall bulkhead referred to in
our report of November 1994. The conceptual design consists of a 400 to
450 mm thick reinforced wall of 25 MPa concrete with a layer of reinforcement
near each face. The reinforcement would be 20 mm diameter bars at 250 mm
centres in the vertical direction and 16 mm diameter bars at 400 mm centres
horizontally when all edges are keyed in recesses. The two layers of
reinforcement would be linked by sets of closely spaced slirrups and additional
reinforcement would be required around the doorway. Figure 7 shows
reinforcement details for two kinds of main reinforcement.

The design shown in Figure 7 is a moderately thick wall made of reinforced
concrete which resists lateral loading such as blast pressures by virtue of its
flexural strength. It acts in the same way as a suspended reinforced concrete
floor, of a building, which is supported at its edges. The volume of 25 MPa
concrete in this type of wall would be about 1/5th of the volume of 2 MPa
material in a mass plug type of wall, but it has two layers of steel reinforcement
in it wherever the mass piug has no reinforcement. The reinforcement concrete
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type of wall would be suitable in mines where reinforced concrete is a familiar
construction material underground. The concrete could be either conventionally
placed and compacted or pumped generate could be used.

Steel doors

An important item to be considered is the access door to a refuge bay through
the bulkhead. The door opening considered would have a height between 1,5
and 1,7 metres, a base width of 900 mm and a top width of 800 mm with the
hinged edge sloping and the opposite edge vertical, following the same pattern
as currently in use at Khutala, if the self-closing action is required. Alternatively,
the door opening could be a right rectangle of 800 mm width and the hinges
could be offset at an angle to give a self-closing action.

Two options for the steel self-closing doors to be fitted to bulkheads have been
considered. The first option for door construction would be a flat steel plate of
substantial thickness. For the proposed door opening size a flat plate of 12 mm
thickness would be required, which is very heavy (145 kg). The second option
is a fabricated light sheet steel door that is fairly light in comparison (56 kg).
This type of door consists of a thin curved steel plate, 1 mm thick, with concave
surface facing the blast overpressure, with a stiffening frame around the
perimeter. See Figure 8.

The pros and cons of these doors are:

The heavy door is simpler and therefore probably cheaper than the light weight
door, but would be more difficult to open and very substantial well anchored
hinges would be required. The light weight fabricated door would be easier to
operate and require lighter hinges, but will need to be built by a specialist
fabricator and may be more expensive.

For both types of door, a steel door frame should be built into the bulkhead. It
could consist of moderately heavy angle iron and be well anchored into the wall.
If fully airtight closing is a real requirement, then elastomeric seals would be
necessary around the perimeter, between the door and the frame as indicated
in Figure 8.

Ventilation holes through bulkhead

It is understood that permanent ventilation holes through the bulkhead wilt be
required. Provided these are of roughly circular cross-section and not more than
about 150 mm in diameter, such holes should not have any practical influence
on the structural capability of the bulkhead designs proposed.
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LOCATION OF BULKHEAD WITHIN EXCAVATED OPENING

The face of the bulkhead subject to blast pressure should be built as close to the
tunnel wall as practicable (nominally flush with the tunnel wall) to avoid the
unfavourable pressure increases that can develop in a recess through reflected
wave effects.
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APPENDIX K

PROPOSED OUTLINE OF ALTERNATIVE STRATEGY FOR THE USE OF REFUGE

BAYS

A change in the present strategy for affording workers safety in the aftermath of an
explosion or fire has been identified. This change is due to the following issues
identified during the execution of this project.

1 it is doubtful if a present day mine would be able to keep a refuge bay, in the
traditional sense, within 500-600m from the working face.

2 The incidence of building fully equipped refuge bays due to “required” distance
is tod high to be practical for mines.

3 The practical distance that would be required is significantly less than the
“required” distance. This is due to the width of the sections invoived. For
example to maintain a 600m distance for a longwall the refuge bay would have
to be kept within 400m from the maingate when the face width is in the order of
200m. This would mean that for a 2km panel ther would have to be § fully
equipped refuge bays.

4 The cioser to the face the stronger the structure needs to be. This increases the
time rquired to establish such a bay as well as the costs to build such a
structure.

5 There are serious implications with regard to the surface installations especially
if the surface rights do not belong to the mine.

6 The duration of the selfcontained selfrescuers cannot be increased due to the
fact that the mines have already invested significant amounts to provide them
to workers.

PROPOSED STRATEGY '

The rescue of workers in the aftermath of an incident shou!d be divided into two
phases. The first phase is where a principle of self rescue applies. The second part is
where the rescue effort will be assisted by efforts and infrastructure from the mine.

Self Rescue phase.

The thirty minute selfcontained self rescuer is used to reach a safe haven within easy
reach of the set. This means that this haven must be within the range of the set when
used in a sitauation of no visibility. It can be assumed that no direct guidance can be
afforded to this safe haven and workers would have to reach this point based on their
familiarity of the section and where this haven is placed.

This place or haven should be so designed that:

1 ftis quick and easy to construct, less than a day,

2 It should have a contained method of providing air or oxygen for an intermediate
period .

3 It should not be incapacitated by the explosive forces although it need not

withstand them.
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( Further work should be done to enable such systems to survive explosion
effects rather than witstand them.)

The support system in this haven should be directed at supplying isolation from
poisonous atmospheres and provide life sustaining first-aid only.

The main purpose of this have will be to workers suffering from the effects of an
incident a place the know they can reach, a place where they can regroup and
consolidate befor venturing out to a place of safety amd from where they know
there is infrastructure to allow them to reach this place of safety.

Stored in this haven will be a method that will allow the worker to travel to this
further refuge bay where he can saty for extended periods.

Assisted Rescue Phase

After those that were able to reach the safe haven have consolidated their position and
hace waited a long enough time to be sure that those who could reach the haven would
have done so they can move out to the more permanent refuge bay. Movement to this
bay will be done under the following general conditions.

1

The movement of workers will be done using established infrastructure

that will enable them to reach the refuge bay even in conditions of zero
visibility.

The infrastructure should be such that it will enable all workers to reach this
refuge bay.

This infrastructure should be such that it will survive the effects of an explosion
and be usable after such an incident.

The route followed should be such that it does not hamaper the progress of

workers to the refuge bay.

The air supply given to workers should be such that it will allow workers to reach
the refuge bay with a level of safety built in.

The requirements for the refuge bay in this second phase would be the same as for the
present refuge bays.

The effect of this altered strategy is thus to assist the workers to negotiate the distance
between the working place and the refuge bay by introducing an additional stage which
can be reached and where they can obtain an air-supply to travel the longer distances.
From this point there will also be a clear indication of how to reach the refuge bay.
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1 Introduction

With the exception of those incidents that are solely attributable to nature, virtually all other
incidents, the hand of man can usually be detected to a greater or lesser degree. It would be fair
to say that if the myriad of laws, regulations, standards and Codes of Practice that govern
mining operations were scrupulously adhered to, there would be very few untoward incidents.

However, in reality, one must anticipate that, at times, things will go wrong and some times they
will go badly wrong. It is therefore prudent that mine management, having done their best to
prevent an incident occurring to begin with, have in place plans, facilities and equipment to
manage the situation when the incident occurs. This is achieved by introducing and rigorousty
enforcing a system of Hazard Identification and Risk Assessment right down to the individual
sections. Thereafter putting in place appropriate and if necessary, site specific Emergency
Response Strategies and Procedures.

By having a plan of action, facilities, all the necessary equipment in place, and a management
team familiar with what they are required to do, the handling of any situation becomes much
easier and the consequences of the incident invariably much reduced.

What has become apparent, is that a major programme of quality assurance is necessary to
ensure that the standards, Codes of Practice and regulations are diligently put into practice,
thus minimising the chances of a disaster.

2 Escape and rescue

Escape and rescue can be categorised into six sections:

Pre-planning.

Awareness of the emergency situation.

Self rescue procedures - Self Contained Self Rescuers (SCSR).
Locating and reaching a place of safety.

Refuge bays.

Training.

2 & & o @&

The following should be considered "Emergency Situations”

Fire.

Explosion.

Smoke detected by sight or smell.

CO concentrations in excess of 100 ppm in the general body of the air.
Flammable gases in an explosive concentration in the general body of the air.
Suspected irrespirable atmosphere.

The essential constituents of a comprehensive escape and rescue strategy are discussed
further as follows:
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2.1 Emergency response strategy

In order to deal with any emergency effectively it is essential that everyone involved, from the
workforce underground to the Mine Manager, know what is expected of them. There should be
in place a formal document detailing the emergency response strategy for every working place /
section covering:

The location of the workforce.

Their escape route(s). (Shown on plan).

Instructions for reaching safety.

Details of the refuge bay or place of safety .

Telephone numbers in the section and in the refuge bay or place of safety.
The number of persons likely to be involved.

Names and positions of the supervisors from Miner upwards.

This document requires updating at regular intervals and at any time that the section moves or
any significant or relevant changes are made involving the section.

A copy should be posted up at the waiting place and switchgear of every section as well as at
workshops, stores etc. All affected workers should have the escape and rescue procedure
explained to them in the course of escape drills.

A copy should be kept in the Emergency Control Room and the original document kept securely
in the ventilation department.

This document should be drawn up by the responsible production officials in consultation with
the ventilation department and countersigned by all relevant parties.

2.2 Emergency awareness

Apart from those situations where the emergency situation is detected by the human senses,
detection by electronic instruments and by the raising of an alarm must also be considered.

Electronic instruments: The specification, maintenance, deployment and issuing of electronic
instruments are catered for in the guidelines for Codes of Practice for Lamprooms issued by the
DME and by statutory requirements. It is advisable that persons are issued with individual gas
detection instruments and that a quality assurance programme for checking their operation by
the issuers and users should be put in piace.

Suitable means of raising the alarm in the event of an emergency should also be used. SIMRAC
Report GEN 101 is of the opinion that a telephone system is inadequate for this purpose and
that manually activated sirens located at the section switchgear or other such means shouid be
considered.

It is imperative that all employees are aware of Emergency Procedures and what to do in the
event of an emergency. This must be included in the training of all employees and reinforced
on their return from leave.

Regular and documented drills need also to be carried out to ensure the competence of all
employees in their different situations.
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2.3 Self contained self rescuers (SCSRs)

It is a statutory requirement that all persons going underground in a colliery be equipped with a
SCSR and trained in its use.

The type, capacity, storage, issuing, monitoring and maintenance of SCSRs are the subject of
Codes of Practice, DME guidelines and statutory requirements.

It is most important to have in place a monitoring protocol for SCSRs. The efficiency and
reliability of SCSRs can deteriorate depending on age and the conditions to which they have
been subjected. By having a defined, statistically reliable, independent testing and evaluation
programme, problems can be detected and appropriate measures introduced.

Reliable checking and maintenance of SCSRs in conjunction with the Original Equipment
Manufacturers is also a requirement. In addition a good record keeping system tracking the
history of maintenance, issuing and use of individual SCSRs should be in place. Computer
programs are available for this purpose.

When caches of long duration SCSRs are used, a suitable programme of monitoring and
recording their condition and disposition should alsc be put in place. Having long duration
SCSRs available does not however relieve the mine of its obligation to supply belt worn SCSRs
to each person underground.

SCSRs should be deployed by persons underground when:

. CO concentration exceeds 400 ppm in the general body of the air.
Smoke is detected visually.

Any time an irrespirable atmosphere is suspected.

When instructed to do so by a supervisor.

2.4 Locating and reaching a place of safety.

Due to the strong likelihood of low visibility, disorientation and psychological trauma that can
exist following a fire or explosion in a colliery, it is imperative that adequate provision be made
to ensure that affected persons reach a place of safety. This requires that persons are trained in
the use of and have available a suitable means of physically guiding them to the refuge bay or
place of safety. The best means of doing so is a rope or wire fitted with cones to indicate the
direction of travel placed along the route, against the pillar or sidewall, about 800 mm above the
ground, that leads directly to the refuge bay door or other place of safety. Black PVC pipe with
wedges cut out at 1 — 2 m intervals indicating the direction of travel has also proved successful.

There can be no gap in this route and therefore any place that persons who are trying to find
their way in zero visibility could get lost or take a wrong turning must be catered for. Such areas
must be barricaded off to prevent inadvertent entry. When conveyor belts are to be crossed
over, suitable bridges must be provided.

SIMRAC Report GEN 101 “Practices and Procedures to Overcome Problems Associated with

Disorientation and Low Visibility in the Aftermath of Mine Explosions of Fires” investigated some
of these problems and the following highlights are extracted directly from this report:
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C)

(b)

(c)

“the speed at which escape routes can be negotiated is reduced significantly irrespective
of audible orientation cues; obviously safe travelling distances from the area of work to a
back-up facility would have to be adjusted accordingly,

some form of support to assist the escapee to maintain his equilibrium, especially in the
case of obstacle ridden escape routes, and to avoid injury appears to be crucial; the
incorporation of a direction guidance system represents a further element of importance,

belt roads, although regarded as generally suitable, should not be regarded as a
dedicated primary escape route,

the pinpoint location of refuge rays and refuge bay entrances in the event of real
emergencies appears to have been underestimated severely by planning departments.”

"that a guidance rope or cable be installed along dedicated escape routes. The
rope/cable should run from a known point in the working sections to a ptace of safety
{i.e. a refuge bay or cache of long duration SCSRs),

that an effective early warning method be developed and installed to timeously warn
underground personnel against impending danger,

that methods and means be introduced to assist mine personnel in orientating
themselves in working sections, and following designated escape routes,

that, owing to complications introduced by low visibility, back-up facilities be placed
closer to the workings. Previous guidelines in this regard should thus be revised and the
installation of intermediate or less formal refuge bays should be considered to reduce
travelling distances,

that travelling roads be regarded as the preferred escape routes instead of conveyor belt
roads,

that personnel be trained to use designated escape routes, .i.e. workers should
familiarise themselves fully with the escape route by walking the route,

that the provision of directional guidance to refuge bay doors is imperative, and finally,

that the possibility of equipping all workers with goggles to provide eye protection
against airborne irritants be investigated.”

In order to provide guidance, a continuous line of rope or cable should run between
predetermined points and places of safety i.e. refuge bays, mine exits etc. This line should be
equipped so that the direction of the place of safety can be determined by feel.

Barricades suspended across the full width of roadways except travelling ways in such a
manner as to prevent persons from passing a place of safety or diverting from the route to a
place of safety can be determined by feel.

2.5 Refuge bays

The mine should be equipped so that every person working or travelling underground may
reach a refuge bay or other place of safety within the duration of his SCSR even when used
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under adverse conditions (i.e. zero visibility). This therefore includes not only production
sections but also workshops, stores and all personnel {including contractors) working or
travelling outbye of the sections.

it is suggested that this distance be experimentally determined for each mine by selecting a
number of test subjects from a spread of the worker population (including some new
employees) and conducting trials with blindfolded subjects and ascertain how far they could
travel (including time required to locate the life line) within a percentage (60-70 percent) of the
known duration of the particular SCSR in use on the mine. This figure would then give a good
indication for maximum refuge bay spacing on a particular mine.

It must be borne in mind that these escapes will be made in the aftermath of an explosion or
during a fire and basing the spacing on anything approaching normal conditions would not be
best practice.

SIMRAC Report COL 115 — “Assessment of Refuge Bay Designs in Collieries”
discusses the characteristics of explosions, design criteria for bulkheads and makes appropriate
recommendations.

One of the problems encountered is, that due to rapid face advance, keeping up with the
building of formal refuge bays can present problems. Consideration can be given to the
construction of either less formal refuge bays or transportable refuge bays equipped with
oxygen generators that are capable of surviving an explosion.

The CoP for Escape and Rescue should clearly specify the siting, construction requirements
and equipping of refuge bays of all types and the procedures to be followed in an emergency.

Formal colliery refuge bays should be of adequate size to cater for the anticipated number of
persons expected to occupy it, plus a 20 per cent factor of safety and the size should be based
on 1,0 m? per person. Walls should be capable of withstanding a pressure differential of 140
kPa. Steel, self-closing airlock doors and suitable bleeder pipe must be installed. In addition,
they are required to comply with Regulation 24.20.2.2.

Colliery refuge bays can either be ventilated by a borehole from surface or by oxygen
generators or cylinders of compressed air, whichever is appropriate in the prevailing
circumstances.

It is essential that the condition and equipment of all refuge bays be checked and logged
regularly by a person, who is accountable, appointed in writing.

All refuge bays or places of safety should have suitable instructions posted up. These should be
in appropriate languages and pictorially, to cater for illiterates.

Where refuge bays are ventilated from surface the mine should have two or more systems to
enable fresh air to be pumped down the borehole and have arrangements with local mines to
draw on additional units that can be immediately connected on arrival. i.e. power supply,
connections etc. are compatible.

Finding the borehole sites, particularly at night in an emergency, can be problematic. Therefore,

it is recommended that the borehole locations are not only clear marked on plans but, are
clearly signposted on surface, along with the routes to them.
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3  Training

In order to ensure that the escape and rescue systems that have been put into place on the
mine are effective in the event of a life-threatening incident, it is essential that all personnel
involved are properly trained in evacuation and refuge bay procedures.

The mining industry is aware of numerous instances where persons have either not received
timeous warning, have not located refuge bays, or have passed them by in an attempt to
escape, often with fatal results. Therefore, it is essential that adequate initial and refresher
training programmes be in place on the mine.

3.1 Receiving adequate warning:

The distribution of CO warning and measuring devices should be such that alf persons in the
area can be warned to evacuate.

Some gas detection instruments are sophisticated, multi-functional devices that give a great
deal of information. However, numerous instances have been encountered where considerable
(and dangerous) confusion has been observed over the interpretation of the information they
provide.

Instruments that provide numerical readouts can lead to confusion. Serious consideration
should be given to CO warning devices for use by the "general population” be of the "go - no
go” type. i.e. One red light and a buzzer which is set for 100 ppm CO would give the alert to
evacuate. A second light and other buzzer set at 400 ppm would give the alert to don the
SCSR.

3.2 Self contained self rescuers

Once the issue of adequate and timeous warning is addressed, training in the use of the SCSR
must be carefully considered. Being a device, which is hopefully never actually used, persons
tend to forget about it.

The training programme should be developed in conjunction with the supplier utilising the
appropriate training aids, including training sets, breathing simulators, videos and posters.

This training is required by statute to be repeated six monthly, and when a person has been
absent for more than 30 days it should be repeated. It must also be part of the regular on the
job safety training.

3.3 Locating the refuge bay or place of safety

Having to escape in adverse conditions {i.e. zero visibility) can cause considerable
psychological trauma and panic. It is therefore suggested that as part of the initial and refresher
training all workers be put through a "stressfur" blindfolded simulated escape, using the iifeline
to find their way to a refuge bay. Once in the refuge bay they are given appropriate instruction
on refuge bay procedures.

All members of the wok force must not only know exactly what to do in the case of an
emergency but have practised it underground.
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3.4 Escape drills

Regular escape drills must be carried out and these must be logged, with appropriate comments
by the supervisors. Persons who require further training must be given it.

The effectiveness of the training and the retention of the information received during the training
must be monitored. This is best done by rigorous, independent audits not only of the actual
training programme in the Training Centres and the routine safety training, but also of the
workforce itself in the actual work place.

4 Disaster management

In any emergency situation it is essential that those involved in the management as well as
rescue and recovery operations know beforehand the Emergency Response Strategy and
Management Plan, what facilities they have available and where assistance can be obtained.

Any event that could result in an emergency or indeed any abnormal situation that could have
an adverse effect of the operations of the mine should have a formal, approved response
procedure available.

These procedures should be familiar to members of the mine’s management team and they
should be readily available for consultation during any situation.

These procedures should be subject to regular review. It is suggested this be done annually or
when any change in circumstances necessitates a review. The various procedures should be in
the charge of the appropriate member of the management team, who should be accountable for
ensuring the review. Any review (even if there are no changes) must be dated and signed by
the responsible person(s).

4.1 Control rooms and associated facilities

When any emergency is to be managed, proper facilities and equipment are essential. In the
mining situation it is prudent that the location of any control be pre-arranged and all relevant
persons are aware of how to establish contact with it.

Control rooms should have adequate communications facilities, working space and storage
space for the necessary procedures and plans.

Dedicated control rooms are the preferred option. However, existing facilities can be utilised
with some forethought. (i.e. installation of extra telephone lines, additional filing and plan holding
facilities). There is often a need for the immediate availability of stationery and a sealed pre-
packed box of stationery is useful.

The immediate availability of call-out lists giving up to date office and residential/cellular
telephone numbers is a requirement and this should be prominently displayed. Normal and
after-hours contact numbers for emergency services (including Mines Rescue Services) and
adjacent mines should also be available. These call out lists should be comprehensive and be
such that even a miner can be contacted after hours in the event that either his services or his
intimate local knowledge of the working place is required.
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There should be and adequate selection of materials and equipment immediately available to
deal with any emergency situation. The Mines Rescue Services are in a position to provide
advice on what should be held.

4.2 Situation management and rescue operations

When any emergency arises, it is essential that those involved are fully aware of their duties
and responsibilities. This requirement extends to all levels of personnel and should be part of
the initial training and of any training or information transfer, that takes place on promotion.

The general duties of each department in an emergency should be formally laid out in a
procedure.

Initially, the most senior, technically qualified person takes charge and issues such immediate
instructions as deemed necessary to safeguard life and property until formal control can be
established.

In general, the head, or in his absence his deputy, of the appropriate department is contacted,
briefly appraised of the situation and then contacts the appropriate subordinates putting into
action the required response from his department.

Itis essentiat that all instructions given and information received be clearly and fully recorded in
a situation logbook giving the date and time on a 24 hour clock system. It is always best to have
a technically competent person acting as scribe under such circumstances.

Before any rescue team is sent into a mine following a fire or explosion, the possibility of an
explosion or secondary explosion must be considered and assessed as far as is reasonably
practical. This should be recorded in the log of control room actions.

Such decisions should be based on:

. State of the ventilation.

. State of the atmosphere in the mine (in or near explosive range).

. Source of ignition. Great care should be exercised if spontaneous combustion is
suspected.

Presence of flammable gas due to walls of sealed areas being damaged.
Likelihood of survivors.

5 Disaster recovery

Once the emergency has passed, confrol room involvement can either be reduced or
terminated and work commenced to recover from the situation and restore operations to normal.

Alt instructions, including sequence of actions, should be formally documented.

Appropriate supervision must be put in place to ensure the instructions are carried out in a
correct and safe manner.
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6 Media relations

Any emergency, particularly those that involve multiple fatalities, damage to third parties, cause
environmental pollution or are likely to be of public interest are liable to warrant the attention of
the media.

Handling the media can be a sensitive matter. An early, open and technically accurate interview
or statement with regular updates and according the media reasonable facilities can result in fair
and sympathetic reporting under what can be adverse circumstances.

it is well known that some media reporting can be emotive, speculative and/or inaccurate. This
fact should be kept in mind when dealing with the media.

All statements issued by the mine to the media should be officially issued by the Owners,
Manager or designated media liaison officer. No off-the-cuff interviews and ad-hoc comments
should be given by other officials. They should refer any media queries to the Manager or media
liaison officer.

7  Quality assurance

The mining industry (and other industries) is full of cases where excellent plans, procedures and
standards have been drawn up but are have either not been properly implemented, or reviewed
and updated. Otherwise they have just simply fallen by the wayside to a greater or lesser
extent. This is particularly true with procedures that are not in daily use, or which are perceived
as a “nuisance” to carry out without immediate tangible benefit.

The only way to ensure that best practices are used in any organisation is to implement a
rigorous system of quality assurance.

This requires a formalised monitoring programme within the organisation with clearly laid down

responsibilities and backed up by an independent audit applying the benchmark of industry best
practices.
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Introduction

South Africa’s mining industry is supported by an extensive and
diversified resource base, and has since its inception been a
cornerstone of South Africa’s econemy. The changes which have come
about in our country make it necessary to prepare the industry for the
challenges which are facing all South Africans as we approach the
twenty-first century.

The review process has taken account of the problems and

opportunities confronting the mining industry against the backdrop of
changes in the country’s policy and institutional environment. In

particular, the passage to the Mine Health and Safety Act of 1996 will

have far reaching impacts on the industry in the areas of health and

safety and human resource development. Changes in labour

legislation and the introduction of employment equity legislation, as

well as the reform of the environmental regulatory system, create a

dynamic context for this policy review. Beyond our borders increasing e
competition, both in commodity markets and for investment, from
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mineral-rich countries that have liberalised their economic and
political systems to attract investment are significant influences on
the policy reform process.

The policy review process has had to take account of current
problems and opportunities facing the mining industry. The gold
mining sector particularly, is having to re-examine its production
techniques in the light of a static gold price, deep levels of working
and higher operating costs. Undoubtedly some of the oider mines are
reaching the end of their lives, leading to job losses and the other
attendant negative effects of downscaling, but these problems are
being tackled energetically within the sector, through restructuring of
mining groups, technological advances and innovative methods of
improving productivity. Apart from gold mining, there are many other
minerals being produced, for some of which South Africa is the
leading producer and hoider of reserves. The Green Paper also has a
chapter on small-scale mining which is intended to encourage the
small and medium sized operator, to the benefit of employment and
the overall economy. Future mineral policy has to take account of the
international nature of the mining industry in order to ensure the
continuing prosperity of our own mines.

In September 1995 the Mineral Policy Process Steering Committee
was formed consisting of representatives from both the executive and
jegislative branches of Government, as weli as organised business and
organised labour. The mandate given to the Steering Committee was
to conduct an extensive consultative process to canvass stakeholder
opinion for the preparation of a new minerals and mining policy for
South Africa. In November 1995 a Discussion Document on Minerals
and Mining Policy for South Africa was published and extensive
written comments were received. Four hundred people attended
public mineral policy workshops held in March 1996, at which a wide
range of issues were debated. Bilateral meetings were held with inter
alia provincial governments, ministries, departments, investment
analysts, foreign-owned mining companies and environmental interest
groups. In addition written submissions were received from several
interested parties during the consultative process. Details of these
consultations are recorded in an appendix. The end result of this, the
most comprehensive consultative process yet conducted for a review
of a minerals and_mining policy in South Africa, was a document
containing proposals that have been drafted after careful
consideration of a very broad range of views. The submission of the
document to the Minister of Minerals and Energy concluded the task
of the Steering Committee.

The Minister requested the Department of Minerals and Energy to
consider certain adjustments to the document in line with his budget
speech in the National Assembly on 21 May 1997. The views of
stakeholders, such as small-scale miners, environmental groupings
and communities, who felt that they were not properly consulted by
the Steering Committee, as well as the outcomes of other policy
processes (e.g. CONNEP) were also considered in the final editing of
the document. The document was then ratified and signed by the
Minister of Minerals and Energy as a Green Paper on Minerals and
Mining Policy for South Africa.
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The Green Paper is organised into six main themes covering the
issues which have been identified by the Steering Committee in the
process of consultation discussed above. These are:

¢ Business Climate and Mineral Development, which looks at the
continuation of policy conducive to investment and includes a
section on Mineral Rights and Prospecting Information which
proposes changes to the system of access to, and mobility of,
mineral rights;

» Participation in Ownership and Management, which examines
racial and other imbalances in the industry;

o People Issues, which looks at health and safety, housing needs,
migrant labour, industrial relations and downscaling;

e Environmental Management;

¢ Regional co-operation; and

+ Governance,

Each chapter and subchapter contains a general background to the
particular issue, a statement of intent (policy objective), the views of
the different stakeholders and, finally, the policy statements by
Government.

Policy making occurs in a dynamic setting, and minerals and mining
policy, which is necessarily broad in its scope, needs to be co-
ordinated with other policies which properly fall within the remit of
other forums. Reference is therefore made in the document to
matters that need to be considered by other policy forums, such as
the Commission of Inquiry into Certain Aspects of the Tax Structure of
South Africa.

[Top ]

Chapter One:
BUSINESS CLIMATE AND MINERAL DEVELOPMENT

This chapter covers seven topics relevant to the climate for mining
business and mineral development.

Section 1.1 stresses the importance of a stable macro environment
for economic growth in which measures that encourage investment in
mining, as in other industries, are adopted.

Section 1.2 is concerned with fiscal policy as an integral part of
mining and minerals policy. Several aspects of exploration and mining
which have a major bearing on fiscal policy are raised together with
policy proposals that are prerequisites for minerals development. The
Commission of Inquiry into Certain Aspects of the Tax Structure of
South Africa (Katz Commission) is currently considering mining
taxation and the taxation of mineral rights. In due course the
Commission’s findings should be considered in conjunction with the
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broad cbjectives of minerals and mining policy. The topics of taxation
of mineral rights and allocations from national revenue collection to
provinces in which mining takes place are raised in section 1.3 and in
chapter 6, respectively.

Section 1.3 deals with mineral rights and prospecting information. The
nature, scope and content of rights to prospect and mine are central
to any policy on minerals and mining. It has been contended that the
system of mining and mineral rights currently in place in South Africa
has frustrated new investment. Equally, however, others have argued
that the legislative framework has helped materially in the exploration
and mining of South Africa’s unique mineral deposits. In reaching
policy conclusions Government must weigh these and other
contending views. In order to improve current arrangements,
Government will seek changes and adjustments that are conducive to
increased minerals investment and address past racial inequity
without disturbing investor confidence in the mining industry in South
Africa. Several new proposals are put forward.

Section 1.4 focuses on small-scale mining and puts forward a number
of policy proposals directed at encouraging and facilitating the
development of the small-scale exploration and mining sectors.

Section 1.5 looks at mineral beneficiation in broad outline. Several
policies aimed at the development of South Africa’s mineral wealth
where this is economically justifiable are proposed.

Section 1.6 takes the view that in the area of mineral marketing,
policy should endorse market principles and provide for Government
to play a supportive role.

The last section focuses on research and development infrastructure
conducive to the optimal development of the country’s resources. A
number of policies directed at stimulating such development and
ensuring the continuing competitiveness of the minerals industry are
proposed,

1.1 Investment and Regulatory Climate

1.1.1 Background

i. The South African mining industry, one of the country’s few
world-class industries, has the capacity to continue to generate
wealth and employment opportunities on a large scale.

ii. Mining is an international business and South Africa has to
compete against developed and developing countries to attract
both foreign and local investment. Many mining projects in
South Africa have tended to be unusually large and long term,
requiring massive capital and entailing a high degree of risk.

iii. South Africa has an exceptional minerals endowment, and in
several major commodities has the potential to supply far more
than the world markets can consume.,

iv. As articulated in its macroeconomic strategy, Government has
committed itself to a continuing process of economic
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liberalisation, thus strengthening the competitive capacity of the
economy, fiscal and tariff reform and bureaucratic deregulation.
These are essential steps towards enhancing the country’s
competitiveness, attracting foreign direct and portfolio
investment and creating a climate conducive to business
expansion. The mining industry among others will benefit in the
long term from these developments.

v. By its very nature the mining industry has the potential to
endanger human health and safety as well as the physical
environment. It is the responsibility of Government to establish
a regulatory framework that minimises such dangers without
imposing excessive cost burdens on the industry and thereby
jeopardising its economic viability.

1.1.2 Intent

Government will create a stable macro-environment that supports
economic growth and in which business, subject to appropriate
regulation, can operate profitably, be internationally competitive and
satisfy their shareholders’ and employees’ expectations. In this way
Government will encourage investment in mining as in other
industries.

In addition, Government will facilitate access to business
opportunities and resources to those previously excluded, including
helping equip such individuals/groups with the necessary skills to
enable them to compete effectively in the market-place.

1.1.3 Policy Requirements

1.1.3.1 Views of the investment community and mining
companies

i. The distinctive characteristics of the mining industry need to be
recognised in the formulation of the policy and regulatory
framework. The framework must be consistent and stable so
that investors can be confident in their financing decisions and
the industry can be confident about its continuing ability to do
business profitably.

ii. Investors place a high premium on macro-economic, political
and social stability, as well as smoothly functioning labour
relations.

iii. Foreign investors need the freedom to repatriate profits and
capital,

iv. South African-based mining companies wish to see a speeding-
up in the comprehensive dismantling of foreign exchange
controls.

v. Investors need security that they will be allowed to exercise
their rights to exploit minerals, subject to statutory
requirements,

vi. Non-confidential and publicly available informaticn about the
minerals sector needs to be weil organised so that it is readily
accessible to investors.

vii. New investors need opportunities for access to mineral rights.
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viii. The cornerstones of any policy to promote investment must be
market principles and economic efficiency.

ix. The nature of international mineral markets and of South
Africa’s mineral resources must be taken into consideration
when promoting investment, including the effect of increased
supplies on prices.

1.1.3.2 Other views

i. Equitable access to all natural resources is required, based on
economic efficiency and sustainability.

ii. The creation of wealth and employment is required for the
economic empowerment of communities, both directly and
through the multiplier effect. This is especially relevant in the
underdeveloped regions of the country.

iii. Investment incentives and promotional activities should be cost-
effective and should not lead to inequitable demands on the
fiscus.

1.1.4 Policy Proposals

i) Government will seek to create a macro and regulatory
environment conducive to economic growth and development, in
which the mining industry can make effective use of its human and
capital resources.

ii) Through the new Labour Relations Act and the specific industry-
level and workplace structures it creates, Government will facilitate
improved industrial relations in the industry.

iil) Government will seek to ensure, within the constraints of its

available resources, the efficient provision and functioning of the
physical, social and institutional infrastructure necessary for the
competitiveness of the mining industry.

iv) Government will ensure the effective organisation and accessibility
of public information about the minerals sector.

v) Government will aim to lower barriers to entry to prospective new
investors in the industry.

[ Top ]
1.2 Taxation

1.2.1 Background

1.2.1.1 The current system of mining tax

i. The taxation of mining activities follows the normal rules of
taxation, subject to the following particular features:
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a) Income

A mining company may derive income from mining operations and
non-mining operations. Different rules and tax rates are applied
according to the nature of such income. Differences also apply
according to whether the mining income is derived from gold or other
operations.

b) Deduction of expenditure

A mining company incurs a wide range of expenditure. Some of this is
in the nature of current expenditure (deductible in terms of the
general deduction formula), and some in the nature of capital
expenditure. The capital expenditure provisions of the Income Tax Act
provide for the immediate deduction of capital expenditure and of
expenditure on prospecting and incidental operations. Capital
expenditure includes expenditure on shaft sinking, mine equipment,
development, general administration and management. Some assets
such as housing for residential accommodation, motor vehicles for
private use of employees, and some railway lines and pipelines qualify
only for a partial annual redemption.

¢) Ring-fencing

The Income Tax Act applies a ring-fence to the taxable income of a
mine, by restricting the deduction of its capital expenditure to the
taxable income from mining on that mine. In certain circumstances
the ring-fence may be breached by up to 25% of taxable income to
allow a company to apply a portion of its expenditure on one mine
against the taxable income of another of its mines.

d) Capital allowance

To encourage high capital investment during times of inflation, the
Income Tax Act provides for a capital allowance, caiculated as a
percentage per annum of total expenditure, which is transformed into
a deduction against current capital expenditure.

e) Environmental funds

Mining companies are required by law to make financial provision for
mining-related environmental rehabilitation. If in the form of a trust
fund, the Income Tax Act permits the deduction of this provision from
income, and exempts from tax the receipts and accruals of registered
environmental funds established to hold these provisions.

f) Tax rate and formula tax

Non-mining income, as well as mining income not derived from gold
mining is taxed at the flat company rate. Income from gold mining is
taxed on a formula basis. The effect of the formula is that gold mines
which are marginally profitable pay tax at a lower rate than the
normal company rate, or no tax at all, and more profitable gold mines
pay tax at a rate greater than the normal company rate. The intention
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of this is to encourage the mining of marginal orebodies, while
retaining an overall tax rate for the gold industry at approximately the
same rate as the standard company rate. The formula tax, therefore,
has the effect that a gold mine can continue to operate at marginal
profit levels without paying tax until it regains profitability sufficient to
attract tax. In this way it preserves employment in an industry which
has a large number of employees and is prone to fluctuations in
profitability.

g) Rovyalties

For purposes of this chapter, royalties are not regarded as a tax and
are discussed in section 1.3.

h) Other

No severance tax is imposed. Mining companies are liable, in certain
circumstances, to the secondary tax on companies. Indirect taxes
paid by mining companies include value-added tax, regional services
levies, transfer duties, customs and excise duties and donations tax.
(In the case of value-added tax a mining company does not pay the
tax on its export sales, since all exports are exempt, and the mine is
entitled to a refund in respect of all input taxes paid by it.)

1.2.1.2 Aspects of exploration and mining which have a
bearing on mining tax

i. Any mining taxation system needs tc recognise the following
aspects:

a. The risk to reward ratio in exploration is high, and mining
itself is attended by a high degree of geological, project
and market risks.

b. Particularly in big-scale and deep-level operations large
amounts of capital are required. This capital is at high risk
over long periods.

c. Mining companies are usually required to provide their
own infrastructures because of the remote location of
mineral deposits.

d. Mining involves the realisation of a wasting asset and the
mine has little or no residual value. Continuing investment
is therefore necessary in exploration, the acquisition of
rights to mine and the development of new mines. All
these activities form an essential part of the mining
business cycle.

e. Taxes that increase mining costs have the effect of
increasing the cut-off grade of ore, thus reducing the life
of a mine and sterilising mineral assets. It has therefore
long been recognised that, in principle, mines should be
taxed on profit and not in a manner which increases costs.

f. Legitimate expenses should be treated in an appropriate
way, the efficient use of resources should be encouraged
and not retarded, and the system shouid not be subject to
frequent change, change at short notice or change with
retrospective effect.

g. In view of international competition for investment funds,
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the tax system should be designed to assist in attracting
and retaining investment in South Africa.

h. In several countries a policy that the State should be
compensated for the finite natural resources which are
mined finds expression in the imposition of a severance
tax. According to the Margo Commission a severance tax
imposed on profits becomes a discriminatory surcharge on
income tax. If imposed on revenue, or on physical
production, it raises costs at the margin and renders
unpayable bodies of ore that, but for the tax, wouid be
payable. In addition a severance tax may also be unfairly
discriminatory in penalising the primary winning of
minerals as opposed to their subsequent beneficiation and
utilisation in manufacturing.

1.2.2 Intent

Government will maintain and promote a stable legal and fiscal
climate that does not inhibit the mining industry from making the
fullest possible contribution to the national economy.

1.2.3 Policy Requirements

1.2.3.1 Views of the investment community and mining
companies

vi.

vii.

viii.

There must be a consistent and stable fiscal regime that
compares favourably with those in other jurisdictions.

The tax system should be such as to allow for attractive returns
on capital.

The tax system should recognise, through appropriate
measures, the risks inherent in mining, such as high capital
commitment, long lead times, geological uncertainty and
cyclical and volatile markets.

Mineral beneficiation projects share many of the risks referred
to above.

Mines should be taxed on profits and not in a way which
increases costs.

The total tax burden is highly relevant to investment decisions
so the levels and structures of national, provincial and local
taxes, levies and imposts should be assessed in their entirety.
The industry should be consulted when decisions regarding
mining taxation are to be made.

The tax system should not discourage, in particular through
ring-fencing, the use of the financial strengths of an existing
company to invest in the establishment of new mines.
Severance taxes should not be imposed.

[ Top ]

1.2.3.2 Other views

The mineral industry should make its rightful contribution to tax
revenues, both through taxes and royalties.
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ii. The tax system should encourage the adding of value to raw
materials.

iii. Levies and taxes should be used to fund environmental
rehabilitation of land affected by past and current mining
activities.

iv. Inter-sectoral equity in terms of taxation should be achieved.

v. Consideration should be given to using tax measures to improve
access to mineral rights.

vi. The tax system should promote the optimal utilisation of South
Africa’s mineral resources.

vii. The tax system should be used to empower the provinces to
influence the economic development process and to deal with
the effects of downscaling.

1.2.4 Policy Proposals

i. In developing mining tax policy, Government is committed to
ensuring that the tax regime will be consistent and stable and
that the aggregate rate of tax will be internationally
competitive.

ii. Government will seek, wherever possible, to minimise taxes
which increase the costs of mining.

iil. Government is committed to ensuring that the tax system does
not inhibit mining but encourages the efficient use of resources.

iv. The Katz Commission is investigating mining tax in South
Africa. The Commission’s recommendations will need to be
considered in conjunction with the policy options set out here. It
is understood that the Commission will be considering a number
of tax issues, for example:

redemption of capital expenditure in mining;

capital allowances for gold mining;

ring-fencing;

tax deductions for exploration;

a tax on mineral rights; and

the extension of the gold-mining formula taxation to other

types of mining.

~0OapTo

1.3 Mineral Rights and Prospecting
Information

1.3.1 Background
1.3.1.1 Nature and content of mineral rights

i) The South African system of mineral rights has developed over
many years to its present state under a dual system in which some
mineral rights are owned by the State and some by private holders.
The State controls the exercise of prospecting and mining rights
under the administrative system of prospecting permits and mining
authorisations referred to below.

i) Under common law, ownership of the land includes ownership of
the minerals in the land. The law developed in such a way that the
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right to minerals in respect of land can be separated from the title to
the land, for example upon original grant of the land or by subsequent
transactions. The owner of land from which mineral rights have not
been separated may separate the mineral rights from the land
ownership by ceding them to another person or by reserving them to
himself or herself. The mineral rights are then held under separate
title which may include all the minerals in the land concerned or only
a particular mineral or minerals.

iii) Mineral rights constitute rights in land. They are officially
registered by the State, and are a form of property protected under
the Constitution.

iv) Mineral rights are tradeable. They have been and continue to be
the subject of considerable financial investment that has resulted in
the acquisition and registration of rights by prospectors and miners
over relevant areas of interest.

v) Mineral rights represent a parcel of rights including the rights to
prospect and mine together with ancillary rights to do what is
reasanably necessary in order to effectively carry on prospecting or
mining operations. The holder of mineral rights may grant
subordinate rights to prospect under a prospecting contract or grant
subordinate rights to mine under a mineral lease or may sell or
otherwise dispose of the rights.

vi) The mineral rights owner is compensated by the exploiter of the
minerals for the depletion of the non-renewable resource through the
payment of royalties. It is generally accepted that in principle
royalties are charged on production or revenue.

1.3.1.2 Ownership of mineral rights

i. The two main categories of owners of mineral rights are the
State and private holders. Unfortunately, the current deeds
registry system does not provide reliable overall figures
indicating what percentage of the mineral rights is cwned by
each of these categories of holders. Statistics kept by the
Department of Minerals and Energy since 1993 indicate that
with the exclusion of the coastal zone and sea areas, the
mineral rights in respect of which prospecting permits and
mining authorisations have been issued are divided in the
proportion 1/3 state-owned and 2/3 privately owned. This does
not necessarily imply that for the country as a whole, including
the coastal zone and sea areas, mineral rights are held in these
proportions, but illustrates that the private sector is a
substantial holder of mineral rights. A distinguishing feature of
the South African mining industry at present is that almost all
privately-owned mineral rights are in white hands.

ii. In the former TBVC states and self-governing territories mineral
rights were largely owned by those states and territories but,
for the purposes of prospecting and mining legislation,
administered as if they were privately owned. It has been
estimated that mineral rights in respect of some 19 million
hectares, which represent 15% of the land area of the Republic,
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fall into this category, including mineral rights held by
Government in trust for specific tribes and communities. This
category also includes those mineral rights which vest in the
Lebowa Minerals Trust under the Lebowa Minerals Trust Act,
1987, and the Ngonyama Trust under the Kwa-Zulu Ngonyama
Trust Act, 1994, In terms of the present Constitution, mineral
rights in this category vest in the State except for those heid by
the abovementioned two trusts as well as mineral rights held in
trust for specific tribes.

iii. The State is the owner of mineral rights in various areas of
surveyed and unsurveyed State land as well as in privately-
owned land where mineral rights have specifically been
reserved to the State. Under prior legislation the latter class of
land was known as ‘alienated State land’ in respect of which
prospecting rights together with the exclusive right to obtain
mining rights were vested in the landowners or their nominees.
According to section 43 of the Minerals Act, such rights were
replaced with similar rights for a period of only five years which
ended on 31 December 1996.

iv. Mineral rights in certain rural areas, situated mainly in
Namaqualand and in the Northern Cape, are regarded as state-
owned for the purposes of the minerals legislation. However,
management boards in those areas exercised through the years
extensive authority in respect of the granting of prospecting and
mining rights.

v. Provision has been made in the Constitution read with the
Restitution of Land Rights Act, for relief to persons or
communities who were dispossessed of rights in land under any
racially discriminatory law after 19 June 1913. Mineral rights are
rights in land and can therefore be subject to the Act.

vi. There is an active market and continual movement in mineral
rights, some 6 000 mineral cessions and prospecting contracts
having been registered in deeds offices in South Africa for the
five year period from 1991 to 1996.

1.3.1.3 Provisions for intervention by the State

In addition to the modes of acquisition of mineral rights referred to in
paragraph 1.3.1.1 iv) above, the State can intervene under section 17
of the Minerals Act to grant prospecting rights in circumstances where
an intending prospector cannot trace the holder of the mineral rights
or where an heir has not taken cession of the mineral rights in an
estate. According to section 24 of the Minerals Act, mineral rights and
other rights in land may be expropriated in the public interest against
compensation payable by the person requesting expropriation. It is
therefore possible to expropriate the right to prospect and the right to
mine. Under the current law, the State may, by virtue of section 18 of
the Minerals Act, conduct an investigation on any land to establish the
presence, nature and extent of minerals in or on that land, provided
that such an investigation is in the national interest.

[ Top ]

1.3.1.4 Other jurisdictions
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South Africa and the USA are two of the few major mining
countries which have a dual system of public and private
ownership of mineral rights. In most other countries the right to
minerals is vested in the State. However, in some countries, of
which Chile and Australia are good examples, the state system
is such as to allow a mining company de facte permanent title
to such rights.

In jurisdictions where mineral rights are publicly owned, a
system of licensing is usually applied which provides security of
tenure sufficient to attract exploration and mining. Many
countries, notably in South America but increasingly elsewhere,
which employ licensing systems for publicly-owned mineral
rights, have successfully attracted large and continuing
investment in exploration and mining.

1.3.1.5 The exercise of prospecting and mining rights in South
Africa

In South Africa, the mineral right owner is not permitted to
prospect or mine for minerals without having obtained a
prospecting permit or mining authorisation from the State.
These licences are not transferable. They are aimed at
controlling prospecting and mining, having regard to
considerations of health and safety, environmental rehabilitation
and responsible extraction of the ore. Conversely, a prospecting
permit or mining authorisation cannot be granted unless the
applicant is the holder of the relevant mineral right or has
acquired the holder’s consent to prospect or mine.
Reconnaissance work can and does take place without the
necessity to hold a permit, provided the work does not fall
within the definition of ‘prospecting’ in the Minerals Act.

1.3.1.6 Records of prospecting work

According to section 19 of the Minerals Act, the holder of any
prospecting permit or mining authorisation is obliged to furnish
certain prospecting information to the State within one year
after completing the digging of any excavation or drilling a
borehole for the purpose of prospecting. The information must
be kept confidential by the State. When 15 years have elapsed
from the date of the completion of the excavation or borehole
concerned, the State may disclose the information unless any
person with a pecuniary interest in the excavation or borehole
satisfies the State that his or her interest will be prejudiced by
such disclosure.

In most other jurisdictions confidentiality against disclosure to
third parties of basic prospecting information furnished to the
State is afforded during the currency of the prospecting licence
or for very short periods. In such jurisdictions, where public
ownership of mineral rights prevails, the policy is directed at
assembling a public record of exploration work as a resource for
future exploration.

1.3.2 Intent
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Government will:

i) promote exploration and investment leading to
increased mining output and employment;

ii) ensure security of tenure of mining rights;
iii) prevent hoarding or sterilisation of mineral rights;

iv) address past racial inequities by assisting those
previously exciuded from participating in the mining
industry to gain access to mineral rights;

v) recognise the responsibility of the State as custodian of
the nation’s mineratl rights; and

vi) take reascnable legislative and other measures, to
foster conditions conducive to mining which will enable
entrepreneurs to gain access to mineral rights on an
equitable basis.

1.3.3 The Present System: Views For and Against

Many differing views have been expressed in support of or against the
current arrangements in respect of mineral rights and prospecting
information.

1.3.3.1 Private ownership

i. Proponents of private ownership maintain that:

a. It has been and remains ideally suited to effective
utilisation of South Africa’s distinctive ore bodies, for
example, by providing the absolute security of tenure
necessary in the development of very deep gold mining
along the West Wits line. The capacity to retain mineral
rights securely for the development of new mining
ventures when these become possible is a positive feature
of private ownership.

b. Holding of mineral rights is a critical parameter in the
valuation of a mining company by international investors.
The company is valued according to its future potential
{*blue sky’) which depends on an ongoing flow of new
projects derived from such mineral holdings.

¢. Private ownership of mineral rights based in the law of
property is preferable to a pure licensing system of rights
based in administrative law and involving administrative
discretion. Private ewnership affords the absolute long-
term security of tenure that attracts investment in
exploration, mining and marketing.

d. South Africa has the ability to produce at a level far
exceeding the world’s ability to consume several
commodities such as manganese, chrome, platinum and
vanadium. Mineral rights in such commodities are held as
part of long-term mining plans. Owners have a record of
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having expanded production in line with growth in
demand and have also invested substantial funds in new
product development and other forms of promotion to
foster market growth.

e. Private ownership is consistent with a market economy
and with an international trend towards reducing the
direct role of Government in the mining industry.

f. Private ownership encourages trade in and utilisation of
mineral rights, as is evident from the figures referred to in
paragraph 1.3.1.2 above.

Critics of private ownership of mineral rights argue that:

a. Minerals are part of the nation’s endowment so that the
State is the rightful custodian of this endowment.

b. South Africa (along with the USA) is out of step with other
major mining countries, where public ownership of
mineral rights has led to successful exploration and
mining industries.

c. Private ownership of mineral rights suppresses exploration
activity as well as the opportunity for alternative views to
be taken of the economics of mining an unexploited ore
body.

d. It allows hoarding of mineral rights. As such, the system
is a barrier to entry against potential investors.

e. Complex and fragmented mineral right holdings and the
multiplicity of owners in South Africa militate against new
investment by prospective new entrants who encounter
difficulty and cost in identifying holders of mineral rights
and obtaining mineral rights.

f. The system is inaccessible te small-scale miners, and
inhibits the development of a vibrant junior mining sector.

g. Private ownership of mineral rights limits equal and
equitable access to mineral rights and resources.

1.3.3.2 State ownership

i) Those in support of the transfer of privately-held mineral rights to
the State contend that:

a.

Transfer of mineral rights to the State will release mineral
terrains for new entrants, which will stimulate private sector
activity.

State control of mineral rights will remove difficulties in cost and
delays surrounding fragmented mineral right holdings.

A system of state-owned mineral rights would enable the State
to enforce the submission and release of exploration
information, thereby avoiding duplication of exploration
activities.

State ownership of mineral rights is more prevaient in the world
than is private ownership of mineral rights.

State ownership will prevent the hoarding of mineratl rights and
allow equal and equitable access to potential investors, in
particular small-scale miners,

ii) Contentions raised against a transfer of mineral rights to the State
are that:
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a. Transfer of mineral rights to the State will require the payment
of compensation, which would be an inappropriate use of the
State’s limited financial resources.

b. The blanket transfer of mineral rights to the State could easily
lead to administrative difficulties in a system not geared to the
management of mineral rights, extensive delays and hence a
loss of investor confidence that could seriously damage the
South African mining industry.

c. There is no indication that the transfer of mineral rights to the
State will automatically result in more successful exploration
and mining. It is argued that in South Africa there is evidence to
the contrary in that state ownership of mineral rights has made
these rights subject to policies that have impeded rather than
promoted mineral development. As indicated above, it has been
estimated that two-thirds of the mineral rights in respect of
which prospecting and mining activities are conducted are
privately held. Management of deposits that will be brought to
account in the future requires a long-term perspective attuned
to changes in technology and markets that is more likely to be
found in the private sector.

d. State ownership based in a system of administrative law offers
less security than a system of private ownership based in the
law of property, and is susceptible to inefficiency and
corruption.

e. A bias towards state ownership would run counter to the
Government’s philosophy and policy on competition and
privatisation.

f. Prospecting information and mineral rights are separate forms
of property. Ownership of the latter does not automatically
confer title to the former.

1.3.3.3 Disclosure of prospecting information

In relation to prospecting information there are broadly two
contending views. On the one hand, it is argued that more data on
prospecting results should be made publicly available as a resource
for future exploration efforts by new prospectors and prospectors with
new techniques. Against this it is held that prospecting data are the
product of effort and investment by prospecting companies, the data
constitute property that can be bought and sold and an incentive
should be provided for the prospecting effort to be undertaken by
protecting the confidentiality of the data for a reasonable period. As a
further complication, contentions in support of the public release of
prospecting data after fixed periods ignore the nature of prospecting
programmes that do not have a readily determinable point of
completion.

[ Top ]
1.3.4 Tax on Mineral Rights

One view is that a tax should be imposed on privately held mineral

rights to open access to such rights. Such a tax would not be payable
by operating mines or where the retention of minerat rights is part of
a long-term mining strategy that is in the national interest, or where
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there is active exploration taking place. If the owner of the mineral
rights is unable or unwilling to pay a mineral rights tax, the rights
may either be sold to a willing purchaser or at no cost to the owner be
transferred to the State.

.
l.

Opponents of such a tax reject the view that the rights would be
better utilised if transferred to the State. They have also
contended that it would be contrary to the Constitution to use a
tax to induce taxpayers to surrender assets to the State without
payment for these assets. In addition to questions about the
constitutionality of such a tax, and whether it will achieve its
objective, opponents of such a tax contend that there are
practical difficulties in applying such a tax; for example, how
could this be done equitably across a range of mineral rights
where commercial values may differ greatly and which may be
held by a multiplicity of holders? They argue that the tax would
be contentious, wrongly burden the holding of rights intended
for future use, raise the investment threshold, delay investment
decisions, generate uncertainty about mineral right holdings and
require considerable administrative effort. It could become a
source of litigation, for example in so far as its application to
property held in trust is concerned. In addition, such a tax
directed at a policy purpose, as opposed to revenue generation,
would be inconsistent with the guiding principles articulated by
the Katz Commission and hence detract from the evolving
coherence of the country’s fiscal policy.

It is also contended that, if a tax on mineral rights were
introduced, expenditure on market development (such as R & D
on possible new products and promotion of long-term growth in
the market) incurred by the taxpayer should be allowed as a
credit against the tax liability, in addition to the current value of
past prospecting-related expenditures. Proponents of this view
observe that ownership of mineral rights affords the long-term
predictability of security of tenure on which major commitment
to future development depends.

1.3.5 The Need and Capacity for Change

Whilst the Government recognises that the system currently in place
has some positive features, it concludes that the status quo must be
changed with a view to achieving the policy objectives set forth in
paragraph 1.3.2 above. Government believes that changes will be
implemented on an incremental basis. Notwithstanding changes to the
current mineral rights dispensation, the State shall guarantee security
of tenure.

1.3.6 Policy Proposals

1.3.6.1 Ownership of mineral rights

i) Government recognises the inherent constitutional constraints of
changing the current mineral rights system, but it does not accept
South Africa's system of dual state and private ownership of mineral
rights.
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it) Government’s long-term objective is for all minerai rights to vest in
the State,

iii) State-owned mineral rights will not be alienated.

iv) Government will promote minerals development by applying the
"use it or lose it" principle.

v) Government will take transfer of mineral rights in cases where a
holder of mineral rights cannot be readily traced or where mineral
rights have not been taken cession of and are still registered in the
name of a deceased.

1.3.6.2 A new system for granting access to mineral rights

As a transitional arrangement in persuance of the objective stated in
section 1.3.6.1 ii above, the following new system for granting access
to mineral rights will apply:

i) The right to prospect and to mine for all minerals will vest in the
State.

ii) Government will develop detailed legislative proposals for the
introduction of the new system of access to all mineral rights. In
developing such proposals provision will be made for:

a. prospecting and mining rights to be made to the first qualifying
applicant and in cases of competing applications such rights will
be granted on merit;

b. security of tenure by granting prospecting and mining rights for
specified periods which are capable of cancellation or revocation
only for material breach of the terms and conditions of the
right;

c. registerable prospecting and mining rights which will be
transferable with the consent of the State;

d. the holder of a prospecting right to be entitied to progress to a
mining right on compliance with prescribed criteria and work
commitments;

e. annuai minimum work and investment requirement to
discourage the unproductive holding of prospecting and mining
rights;

f. a retention licence which may, upon written application, be
granted to the holder of a prospecting right in cases where the
holder, having explored the area and estabtished the existence
of an ore reserve which is, at the time of completion of the
exploration programme, considered to be uneconomical due to
prevailing commodity prices (market conditions) or where the
exploitation thereof might lead to market disruption not in the
national interest. Such licence will enable the holder thereof to
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retain the reserve without the commitment to minimum work
and investment requirements. The licence will be granted for a
limited period in respect of the property concerned;

g. precluding the issue of a prospecting or mining right over an
area in respect of which a currently valid prospecting or mining
right is held for the same mineral;

h. predetermined standard terms and conditions, for all
prospecting and mining rights;

i. the reduction, as far as possible, of discretionary powers by
applying standard requirements or objective criteria;

j. payment of compensation by the holder of the mining right to
the registered holder of mineral rights. Such compensation will
be payable in the form of royalties as determined by the State.
No distinction will be made between royalties payable to the
state and those payable to private holders of mineral rights. The
quantum of royalties will be internationally competitive and will
not inhibit the initiation of new projects;

k. payment of a surface rental, determined by the State, by the
holder of a prospecting or mining right to the registered land
owner; and

. the approval of an Environmental Management Programme prior
to the issue of a prospecting or mining right.

iii) Persons, including their successors in title, or assigns or nominees,
who could lay claim, under section 43 of the Minerals Act, 1991, to
the exclusive right to prospect for a mineral to which the right was
reserved to the State, shall after the lapsing of the period that ended
on 31 December 1996, or the approved longer period, no longer be
deemed to be the sole holder of such rights.

1.3.6.3 Reconnaissance work

A non-exclusive licence for broad-based, non-destructive expioration
will be implemented. Such licences will be for a limited period in
respect of the area required. A reconnaissance licence will not entitle
the holder thereof to a prospecting or mining right.

1.3.6.4 Disclosure of prospecting information

It will be a condition of any prospecting right or reconnaissance
licence issued or renewed that all information and data from
prospecting shall be submitted to the State after completion or
abandonment of any particular prospecting activity. The State will
release such information to the public at any time from the date of
submission of such information unless the prospector retains a
prospecting or mining right in respect of the land concerned or an
application therefor is pending. Such information submitted to the
State will be used to create a national exploration data base.
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1.3.6.5 Data base of mineral rights holdings

Government will apply, through the Departments of Land Affairs and
Minerals and Energy, greater resources to expediting the process of
the compilation of a readily-accessible data base.

1.3.6.6 Tax on mineral rights

Government will investigate the feasibility of imposing a mineral
rights tax or other mechanisms which would be intended to
discourage the non-utilisation of privately-owned mineral rights. Such
investigation, which will be undertaken by the Department of Minerals
and Energy in association with the Department of Finance, will take
into account the findings of the Katz Commission which is giving
attention to this matter.

[ Top ]

1.4 Small-scale Mining

1.4.1 Background

i) A flourishing small-business sector usually increases
competitiveness in an economy and is an efficient vehicle for the
creation of jobs. The fall in the real price of minerals has led to the
closure of numerous large-scale operations, Well-managed small-
scale mining has the potential to take over and mine economically
where large-scale mining is unable to operate profitably. In this way
small-scale mining can make a meaningful contribution to the total
global production.

ii) The development of small-scale mining alongside mining in
underdeveloped regions would also increase the portfolio of minerals
being produced and could lead to the exploitation of resources that
would otherwise be sterilised. In addition, it could provide a channel
for increased access to the mining industry.

iii} For the sake of clarity, the concept of small-scale and artisanal
mining needs to be defined. There are significant potential
environmentat and health and safety problems associated with
artisanal mining, which is often the only means of subsistence
available to individuals. By artisanal mining is meant small-scale
mining invelving the extraction of minerals with the simplest of tools,
on a subsistence level. There is no generally agreed definition of the
term small-scale mining - although it is often defined with regard to
mine’s output, capital investment, numbers employed or managerial
structure. Small-scale mining is a relative term; thus the choice of
limiting criteria to distinguish between small and larger-scale mining
(such as producti