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ABSTRACT
The explosion at Appin Colliery on July
1979, demonstrated the need for a large

facility to simulate an underground type

ss-losion and study its effects. The effects of

=xplosion cannot be established quantitat-

using small scale models.
2 gallery was constructed for this purpose
:= Zondonderry Centre and commissioned in Feb-

1980. It is 50 metres long, 2.7 metres

meter, capable of withstanding an internal

s

sure of 210 kPa and is the only facility

able for this purpose in Australia.

The gallery has provided valuable inform-
:-:on on blast effects of explosions in tunnels
:-7 is to be used for testing the performance

-7 explosion arresting devices, further invest-—

ion of explosion effects, research into

c explosion phenomena and instrumentation

Jopment. Additionally, it will provide a

f=monstration facility for training pur

ZXCXGROUND

2s a result of the explosion that occurred

Zppin Colliery in July, 1979, it became

=ssary to examine and test at Londonderru

sre equipment that was involved. The testing

ramme carried out in the equipment had five

m=:n objectives as follows:

5. To determine whether equipment was being
used and maintained in accordance with

approval conditions.

- 2 To investigate possible ignition sources.

5 or, Londonderry Centre, Department

=rz1 Resources, New South Wales

ures suc
4. To explain
equipment as a
B To investigate
explosion which had occurred.

To a substantial extent the above o

were fulfilled especially with the availabilizg
of the Explosions Gallery.

In the early stages of the investigation
conventional testing techniques, e.g., the use
of the flameproof testing facility, were used
extensively. While this approach was satisfact-
ory is supplying answers to a number of the
problems encountered it guickly became apparent
that testing under simulated large scale cond-
itions was necessary. The provision of the
Explosions Gallery allowed a series of tests to
be carried out to gauge the effect of an
explosion under the conditions thought to exist

at the time of the explosi

design the Gallery,

rvise construction.

Despi
Year periocds it was possible to commission
the Gal late February, 1980, which

represents a commendable effort on the
part of all concerned. It had been intended

to provide an explosion Gallery in 1983-1984
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as part of the Londonderry Centre's

development programme but due to the ne

to investigate aspects of the Appin

the construction date was brought
forward.

The main purpose of the Z

Gallery in respect of the Ap
investigate the effect of ex
on equipment present in
explosion and for this ©
necessary to simulate =

The use of scale

quantative ana

difficulties =2

to produce the necessary pressures

ve the effect on full scale items

of equipment with regard to movement, dust
patterns produced and speed »f flame

transmission. It needs to be stressed, and I

repeat here, that the intention was to

construct the Gallery so as to perform testing
on full scale items of equipment and not
necessarily within a full scale environment.

The main conclusions provided by the Explosion

Gallery tests were:

1. An ignition of a methane/air mixture
would propogate along a steel ventilated
duct of 30" diameter to a gas mixture at
the end of the duct when the duct itself
was in an explosive atmosphere.

2. The speed of this detonation depended on

gas mixture but was typically 20

ind end of the 50
Imost

The 2as. LMM ch

completely filled with a stoichiometric
mixture of methane air could result in
detonation or near detonation, that is
fast deflagration as a result of which
considerable disruption occurred.

Since its construction the Explosion

lery has been used for a number of functions

it appears that there is a real need for

a facility.
TRUCTION AND OPERATING FEATURES

The Gallery dimensions of 50 metre length

2.7 metre internal diameter were selected

= development of the required pressure,

rseas experience, and to provide
u of housing apparatus in the

jecting to explosion effects.

s size of Gallery could be

bly into the layout of the

withstand capacity of the
experience for

not cater for

components were

used in the construc

explosion
gallery. The gallery is constructed such that
its top is approximately at ground level,
excavated material was used to cover the
gallery, and to form earth mounds at the eastern
end. The purpose of burying the gallery and
forming earth mounds is to reduce as far as
possible the noise and blast effects on nearby
residents.

Tt is designed to withstand internal
pressures of +210kPa to -70kPa and is 50 metres
Jlong running east/west. At the west end is the
plenum chamber and explosion door. The main
ventilating fan is mounted on top of the
plenum chamber. The east end of the gallery
is open and has a roadway running down to it
to facilitate placement of testing equipment.
This roadway is lined with earth mounds to
direct the force of the test explosions
upwards.

The plenum chamber is the

tions, Explosions and Fires in Coal Mines Symposium, May 1981
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2s the gallery sections are relatively
Iight it was decided to strap the sections to
the base slab to increase the effective mass
and derive benefit from the surrounding earth
fill which sits on the base slab.

Two drainage lines bedded in a 300mm
layer of gravel fill, run along either side of
the gallery and are connected to a sump with
automatic pumps.

The gallery floor is concrete placed
in the bottom of the pipe sections to provide
a flat surface 1.5m wide. The floor is free
to move independently of the pipe sections.

This floor has built in inserts designed
to enable placing and fixing of components
during test. It is also intended to utilise
these inserts to install fixtures against the
gallery surface to give various degrees of
surface "roughness" to correspond to different
underground roadway finishes. This "roughness"
will affect speed of travel of air pressure.

A cross section of the gallery is shown
diagramatically in Figure 1.

The construction sequence was

Construct west end plenum chamber and
anchor walls

- Construct base slab and cradle blocks

- Place pipe section and construct east end
walls

Figure 1
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Gas for use in explosions can be Varying the gas mixture also gives differing
introduced either in a controlled way from the explosion pressures. It appears that the
plenum chamber via a gas recirculation fan or, practice of allowing the initial explosion to
if required quickly, directly dumped from detonate the plastic diaphram may have an
cylinders into the main body of the gallery effect on test results and accordingly a
itself. method of removing the seal just prior to

A main ventilating fan 1.37m in diameter initiation is being investigated.
and with a capacity of 510m3/min blows air in Gas sampling tubes and sensing devices
through the top of the plenum chamber and, can be inserted through the gallery walls at
with the explosion door open is used io 2-3m intervals and are used to determine gas
ventilate the whole gallery. When the gallery concentrations in the test mixture and ensure
is being filled with gas and during testing a uniform distribution within the mixture.
this main fan is used to ventilate the plenum The gas used for methane/air explosions
chamber, keeping it free of the gases used in which is the only type

urces.
re is achieved
the layout is
2. The

conducted to

TYPICAL TEST ARRANGEMENT

Gas Recirculation System

Gas Seal
4’//// - ' -
= N
]
i ~_— e (LPlastic
Erjclosure
3 -
PLENUM
(Main fan T e s = < -
above ) Explosion Door Mine
Ventilation Duct Zn

Figure 2
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INSTRUMENTATION

It was recognised early in the design of
the Gallery that there would be a need to
extensively instrument the Gallery. Hence
provision was made at the construction stage
for both ad hoc and future permanent
instrumentation. This provision includes
utilising the two holes in the top of each
concrete pipe to space 6 instrumentation boxes
mounted on water pipe along the top of the
gallery and the installation of a number of
other water pipes for additional
instrumentation access. In addition,
instrumentation access is being provided

around the circumference of the gallery at

2 number of parameters including ambient
conditions, static and dynamic pressure and
flame velocity. The measurement of these
parameters involve a complex arrangement of
equipment which must be synchronised and
controlled. In summary, present
instrumentation facilities include the
following:

Gas Analysis The primary system of gas
analysis is by use of infrared gas analysers.
The sample for the analyser is pumped through
a tube from one of the instrumentation
accesses provided on top or side of the
gallery. When fully commissioned the gas
analysis system will have the capability to
draw a gas sample from any point within the
gallery and provide an analysis for methane,
1, carbon monoxide and carbon dioxide

concentrations both pre and post explosion.
Extensive use is being made of the Chemical
Laboratory gas van for verifying gas
concentrations and providing post combustion
gas analysis.

Pressure Provision has been made for the
measurement of both static and dynamic
pressures. Static pressure measurements are
provided by piezoresistive pressure transducers
mounted at right angles to the axis of the
gallery at strategic locations along the full
length of the gallery. Dynamic pressures are
measured by the use of strain gauge type
transducers with a mechanical arrangement for
The output

lified and

generated and

the general
g explosions,
s remote

provision of

ysis of

with a view
to mental
impact.

Vibration Two areas

ed at with
respect to vibration produced by explosions.
The first involves building up a signature
analysis of the vibration characteristics

of the gallery. In this respect I must
acknowledge the generous assistance given to
us by the C.S5.I.R.0. National Measurements
Laboratory. The technique involves the use
of piezo-electric acceleromeiers attached to
selected portions of the outside of the
gallery. The results are then recorded on
tape and analysed using real time spectrum
analysers to determine the frequency of
oscillation and amplitudes. The second area
involves assessing the vibration transmitted

to the surrounding ground. When analysed in

The Aus. |.M.M. lllawarra Branch, Ignitions, Explosions and Fires in Coal Mines Symposium, May 1981
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its affect on

Instrumentation

ready control of all

the gallery a microproces

SO

system is being installed.

provide for the automatic control

phases in the operation of the gal

including the gas mixing cycle, start

external tape recorders and cameras, init

the firing signal and control post process
of information. The control system will be
set up so as to cater for external emergency
stop interlocks and other system interlocks and
will provide all necessary synchronisation and
timing sequences. The proposed installation is

shown diagramatically on Figure 6.

Real Time

Analyser

Visual

Display

Unit

f Static Pressure Analog Data
Dynamic Pressure Tapi
raer SanE
‘ Flame Velocity Reonrder ) Gontrol/
T -
4
A Gallery Vibration
- Tape
> A I Recorder
= A Remote
= bration
=
A Remote]
) Noise Video
y Recorders,
/
/1 Gallery Interlocks/Status
Control Signals
Gallery Environmental Signals
A

Environment
Monitor

Figure 6
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TESTING OF WATER TROUGH BARRIERS

these reasons and an important

The essential objectives in the Explosion Gallery since the

prevention of major underground explosion o the Appin Explosion was
disasters are: to test water troughs
1. To prevent the ignition of an explosive companies. A brief

mixture which involves avoiding the

-F =his provides a good example of

accumulation of such a mixture and

of £ ion gallery.

preventing the occurrence of a ~he effectiveness of a

ignition. normally carried out by

2. To prevent any explosion =t it will prevent passage

developing into a coal zmount of flame from a coal

3. In the ultimate, to dust having a specified

explosion. is possible only in

lery but individual

may be tested under

2z smaller scale.

Londonderry

ughs.

troughs is

e basic

ndard DIN 21576
the trough

re of 4kPa

pattern. The requiremen ~sures barrier

barriers have also proved to be popular operation with low energy explosions. The

Water Trough

4 50m |
e tooy .
i
1+2m 14 2m 0"}15
Gas o
Sampling s ) l
CLZ}S\;D Tube 1l Ign'J.tJ.on o ressure —a g, OPEN
Point £ 0 Transducer L_ END
as Inlet o~ 3 Ll
~ N Lm ——
Diaphram
X o/ [V
A\\.\l 5:bm 77 7A

Gas Recirculation

Figure 7
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ture by infrared dispersion

cameras. Figure 9 shows a water trou

up for test.

The instrumentation used for this

so far has only measured dynamic pressure

produced by the explosion blast on a 31.13
square set at 90° direction to air flow. This
is to be supplemented in future by measuring
flame speed, static pressure, wind speed and
rise time of the blast pressure. This will
enable compliance with a full set of conditions

as laid down in the proposed German Standard

and it will also enable correlation of dynamic
pressure which can be calculated in accordance
with the formulae P=kpv2,where p, the unburnt
gas density, is proportional to the static

pressure, and v is the wind velocity.

FUTURE USAGE OF THE GALLERY
It is envisaged that the Explosion Gallery
will have considerable use for testing and

h other than those already mentioned,

varying conditions;

7 ety training.
Some of ti vill be carried out in
conji the Universities. The gallery

I.M.M. lllawarra Branch, Ignitions, Explosions and Fires in Coal Mines Symposium, May 1981
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will be used mainly for mining purposes

although its use in connection with non mining

explosion problems has been proposed.
Investigation is at present being carried

out into the need for additional Gallery

facilities, for example to generate coal &
explosions and to investigate the effect of
roadways other than single entry tuype.

Overseas testing and research author:

usually have a variety of sizes of =

gallery of which a 50 metre gallery wo
probably be the smallest apart o

scale equipment. Most overseas

have a full scale mine galle

Il

can extend up to 1,800 metres Iz

ideally should be placed un

reproduce exactly

LLOYD

conditions experienced in practice.
The results obtained in overseas reduced

size galleries are correlated with a full

e gallery and as part of the

tigation currently proceeding it is

sed to arrive at a method of correlating

:Its from the Londonderry gallery with

;1d be produced in a full scale mine

h to acknowledge the assistance

: from members of staff at the

Centre, and Mr. L. Griffiths in

on of this paper. The opinions

the conclusions reached are my
necessarily those of the

of Mineral Resources.
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Resources):
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nction should be made

and an experimental
rimarily a device for
= pressures, dynamic and

experimental mine tries to

wnierground conditions,

imemc i mizes are normally made of roadway

zr section was selected in this
os of strength and speed of

The Gallery was designed and
r the purpose of producing a blast.

- =uch to simulate an exact under-

T = on. But the proposal for an

U T mine is rightly based on the need,
imulate underground conditioms.

have a rectangular section roadway

osals come to fruitiom.

snglo American Corporation of Scuth

e Is there any idea of the cost of the

Are there any plans at any stage to

ignite any coal dust in the gallery?

#. ZLJTD: The cost of the gallery including
crumentation was roughly $200,000.

There are not any plans for igniting coal
iz the gallery. At one time it was
szgnt that coal dust would be likely to
fz-: the reverse is probably true. The danger-
me= Zact about coal dust is of course that in

szzl Zust explosions underground there is so

much of the dust and the roadways are so long.
No coal dust explosions in the gallery are
proposed because really there would be no useful
purpose served.

R. WATSON (U.S.Bureau of Mines):
in Pittsburgh really that bad when you took those

Was the day
slides or did you have a defective camera?
M. LLOYD: It was probably a defective camera
since you are here.
R. WATSON: Are any noise problems from the
gallery being experienced?
M. LLOYD: Yes environmental problems are
experienced with residents whep the very large
scale explosions are conducted, but these are
very few and far between. It is expected that
the majority of explosions will be conducted in
connection with water trough barriers which
require a low grade of explosion, and there is
not any difficulty there. The instrumentation
being installed is of two types. First there
is instrumentation for measuring what actually
goes on in the gallery and secondly there is
also instrumentation for measuring what goes on
outside to determine the environmental effect.
Being a low frequency noise the sound of
an explosion is difficult toc divert. The mounds

a2t the end of the Gallery were seen during the

visit to Londonderty and thi

would be quite

frequency noise
upwards. But in this case with a low frequency

noise the mounds have little effect,

the low £

"
W

eguency wave follows the contours of

the surface.

M. VELZEBOER (The Shell Company of Australia):
Please comment on the question of water barriers

versus stone dust barriers.

The Aus. |.M.M. lilawarra Branch, Ignitions, Explosions and Fires in Coal Mines Symposium, May 1981



M. LLOYD: No tests have been made to compare
water trough barriers and stone dust barriers.
The information gathered in reports from the
U.S.A. and the European Community countries
would indicate that first of all water is as
efficient a quenching agent as stone dust, and
secondly that with present day designs of water
barriers, particularly the large capacity water
barriers, they are as effective as stone dus:t

barriers - barriers in explosion conditio

According to the information from the Eur

Community this applies even at low =

cities or low dynamic pressures. In

which probably has the highest stand

ing arrangements for explosion b=

world, it is claimed that water 2

1]

more effective than ston

more likely to remsin so

life. The B

opinion that water ¢

efficient as stone dumst =

reading reports from th

Committees dealing with

is believed that water trough basTiers am= 2

10-12

least as efficient and effective as stone dust
barriers.
(Department of Mines, W.A.): Why is

le proposal to carry out coal

= testing at the Gallery? Later maybe?

, the purpose of the Gall-
essure to find the effect
es of equipment. This
osion and therefore
dust is not necessary for
iers cannot be tested in
So in that case thereis
out coal dust tests because
uld be associated with full
sarriers camnot be done. The only situation

s=wisaged of wanting to test coal dust in the

= g=llery is if it was necessary to compare
+me rezctivity of various types of coal and this
is doms overseas. Some countries use a similar
gzllery for this purposebut this isn't at the
moment done in N.S.W. or Queensland, that is
comparing reactivity of various types of coal in

mort gallery, and that is why no reason can

seen for doing it. If it will ever become
mecessary to compare the reactivity of various
=ozls, coal dust would be exploded in the
zallery. From present information, it doesn't
2ppear that coal dust will give any higher

sressure than is obtained from methane explosions.
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