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VENTILATION

COMPOSITION OF AIR

. Alr is composed of a mixture of gasses of which the two

dominant ones are the elements Nitrogen at 78% by volume and

<,

Oxygen at 21%. The remalining 1% 1 made up predominantly of

Argon. In the un-polluted atmoaphere carbon dioxides forms only

e

L04% of the total, but in an industrial environment it may reach

+

the percent range. Water vapour is always present and when the

air Thecomes saturated liguid water will precipltate out as

droplets.

PHYSICAL PROPERTIES OF AIR

A column of air has a measurable mass and the weight of

:  with increase

Y]

the overlying gas ceusas  the pressure to increas
of depth. Near s=a level the atmospheric pregsure approximates to
1 bhar which sguals 100 kileopascals which 1s the accepted unit for
recording pressure. Under stable atmospheric conditlions, the
pressure gradient with depth is approximately 10 kilopascals per
100¢ metres. This increase in pregsurs with depth is accompanied
by an increase in temperature which is known as the lapse rate

and is found to be &.5=20 per 1000 metres.



n

Adr which is moved vertically, such as down a shaft, is

warmed by 10=C for

mde
o

compressad  and thareby heated. Dry  ailr
every 1000 metres it descends. This adiabatic lapse rate is 3.H2C
more than the stabic lapse rate, and air drawn down a mine shaft

is signiticantly warmed by coppression.
NATURAL VENTILATION

As warm air is less denss than cold alr it will tend to
rige allowihg colder sir to diaplace it. Water vapour is also
less dense than air. =0 air which i= closer to saturation will
rise throusgh dry air at the mame temperature. Open smhafts leading
to mine workines will normally  circulate alr as. warm moist air
from wet hobt workins areas will upnast and allow  dryer cool air

to downcast down smhafte inte de-watered sectione of the mine.
MECHANTOAT, VEMTTLATION

Tha machanical movenant of alr reguires the use of fans
to  provide fresh un-wollubted air to  the working places and
travelling wave in an underground minei 1t should be noted that
any ventilation avetem should where possible assist, the flow of
gas due to natural ventilation. A fan working against the natural
pressure  gradient will expend energy counteracting the natural

ventilation before it can do useful work in ventilating the mine.



There are two btvpes af fan used for mine ventilatlion. The
centrifugal  fan s Lhe most  efficlent relying on  the normal
centrifugal forces which surround & rotating shaft. Impellers or

paddles are fimed 4o the shaft which is enclosed in an

{

serodynamic  housing orv  volute. As these fans, which are also
known as radial flow or paddle fans, have a greater diameter than
the vent plpe, they a2re best sited on surface‘at the collars of
up~casting wventilation shafts. Paddle fens run at avalower speed
than awxisl flow fans and sre subject to far lower operating
stregses. They also oonsume less power for the same  amount of
work done and efficiencies of more than 90% are normal.
Manufacturing tolerances are less critical than for éxial flow
fans, and the design and fabrication of a1l but the largest
centrifugal fans can ke carried out in a conventionally equipﬁed
mine workshop. The motor driving the fan is ewbernal and is
therefore not subjected to corrsosive fumes during use. A belt
drive to a pullev on the impeller of +the fan allows for simple

replacement should the wmotor burn out.

The axial fan is designed to be the same diameter aé the
ventilation column and iz used to force alr through a vent pipe.
These should bhe used principally in sections undergoing
development Lo provide temporary ventilation until connections
are made to the nesareat return airway. In local zones of dead
air. it is often neceasary to install boosters in the form of a
length of ventilation pipe containing an axial fan. This

configuration is used to provide the necesszary pressure gradient
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to move any foul alr towards a retarn

axial flow fan necessitates the mobtor

fan housing which reshrichs the

airway.

CrRes

The design of the

eing enclogsed within the

i

sectionsl area  of the

alrway. For this resson the fan needs bo operste at a high speed

and  the halance of the shaft and the
trpel lery blades vecquires o very
Some makes ol Fan dncorpocele variali)le

nperating condibions.,
HOISE

Sound is propagated as pressure
medium: either =onlid, ligquid or gas. In
approximately 1200 kilometres per hour
I'ropagation
Wave frequencies betwsen

times famster.

can he detected by the human  ear,

variation or anplitude of these waves

Ioudness of the zound produced.

through liguida and solids

which are

aerofoll  profile “of the
sophiaticated fabrication plant.

pitoh blades for differing

WAVES through.an elastio
air the apeed of sound is
or 344 metres per secohd.

ia. between four and 12
20 herts and 20000 hertz
and it is the pressure

related to the

The unit of measurament for noise levels is  the decibel

which ia a funotion of the

logarithm

of the aguare of the

pressure caused by the sound source. The logarithmic scale means

that an increase of one decibel

almost twice the sound enevgy.

is eguivalent %o

an output of

Il decibel iz helow the hearing threshold



70 dB is comfortable
30 4B ie uncomfortably nolsy

120 dB is past bhe threshold of pain

Exposurs o ~2onastant noise at more  than 80 decibels

canses permanant ear damage accompanied by hearing loss.

Sound sndisaion in the work-place can be contained either
by eliminating or moderating the source, or by  isolating the
noise from the sars of the workers. The loudest sounds heard
underground are ths exhaust from meumatic rock drills,
explosions in secondary blasting and excess sound from machinery,

principally axial ventilation fanes.

A1l primary development wjth@ﬁ a mine, ie. wshafts,
travelling ways and workshops, should not be ﬁubjéct to severe
noise. Pumps, fans and other machinery should be maintained so
that there are no leooge panels or covers bto vibrate. TFans which
prersist in humming can he accustically  damped by enclosing them
with ahsorbent lagging. It may be possibhle to e2liminate secondary

blasting on srizslevs hy the installation of hydraulic rammers.-

Grizslove abenmld be  soresned behingd acund deadening blast

Personnel working at  the face and using hand held
rnevpabic drills need to be compelled to wear ear protectors in

conjunction with =ar plugs. Most workers in this environment have



suffered some degres  of  permanent hearing loss because of oot
uging ear protechors. Th should be enforced by all overseers and .
instilled into the workers during training, that the wearing of

protective gear iz mandatory.
TEMPERATURE CONTROIL,

It has already been noted that the adiabatic lapse rate

of down-casting air i an additional 3.b=C per vertical

4]

kilometrs, over the static lapse rate, 50 that air drawn down a

23

mine shaft is =significantly warmed by compression. Mines which

operate at depths below two kilumetres normally reguire some form
of temperature control in order to maintain an environwent in
which people are able to work. Surface air is often refrigeréted
to ten degrees or so below the ambient temperature to compensate

for the inevitable warming due to compression.

Water hams a far pgreater thermal capacity than has air. As
water needs to be introduced into a mine for services such as
dust prevention, it bas been found that chilling this sérvice
water before it enters the descending main helps to cool all
working places where the water is discharged. The latent heat of
water melting frow =molid ice to liquid is 80 calories per gram.
This means that 1if a ton of lce were transported +o the hot
working places underground, 80 million calories of heat would be
removed from the anﬁjronmant before the temperature of the water

rose above the freewing point. The most efficient method of



cooling the working places of deep hot mines is by adding ice to

the chilled service water which 1s pumped underground to a
transfer chamber which behaves asg & heat. exchanger, where fresh

downcast air is cooled and the ice in the service water is

allowed to melt.
MECHANISED MINING

All large amcale undersground mining operations require a
level of mechanisation in arder to maintain the efficiency and
cost per man hour within profitable limits. The chief phases of
underground mining are: establishing access to the ore;body,

extracting the ore and transporting the ore to surface.

Access is normally via a shaft or  decline, or where the
topography is favourable. by way of a horizontal adit. Mechanised
shaft bering and raiszse boring are well established techniques.
These rely on electric power input and therefore do not require
additional ventilation. The same cpiteria applies to the use of
tunnel boring machines. .

The mechanizsation of ore extraction has made significant
advances aince the middle of the twentieth century. It . is tﬁis
rhase of mining which is the most dangerous and any reduction of
the work-force in this area is of benefit to the safety of the
mine as a whole. Mechanical shearers are only of practical use in

soft  rock enviromments such as salt, potash and coal mines.



Elsewhare drilling and blasting remainsg the only option for
Liberating ore from its surroundings. Some work is being done in
hvdraulic mining and impregnatsd wire cubtting, but this remains

experimental .

Diesel powered loaders and trucks were popularised for
underground us2 during +4the 18507s and early 19607z when very
large high performance pneumatic tyres were first developed and
diesel fuel wazs cheap and readily avallable. The tenfold rise in
the price of petroleum fuels in the early 18707=, plus subsequent
price increases has mads trackleas mining leas attractive. The
range of available eguipment daveloped for this tyvpe of mining
has meant that in situations where flexibility is important there

remains a place underground for rubber tyres and diesel rines.

*]12

Large diesel engines working under fluctuating load

rlace heavy demands on the ventilation system of a trackless

mining =ection. The heat given off from the vehicle s radiator
as well as its exhaust will rapidly raise the temperature of a
working place to dangerous levels unleas a constant suppiy of
conl fresh air iz available. The direction of flow should, as
always be =0 that hot, dust and exhaust laden fumes are drawn up
draw points or parts of stopes previously worked out. Fersonnel
and machinery should only be expoged to cool fresh air. A diesel

engine which is exnposed to exhaust fumes im unable to operate
efficiently and will produce dense particulate smoke. This will

rapidly render the work-place uninhabitable.
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DESTGN

FUNDAMENTALS

The movement of alr regquires work to bé done to combat
inertia and to overcome frictional forces copposing the movement.
A pressure gﬁadient will ensure the free movement of air but the
rate of movement will be dependant on the frictional resistanoe;
The greater the apsed of the air being moved the greater will be
the frictional forces opposing  that movement. 1t is more
efficient for the ailr spreed to  he méintained at a minimum by
using the maximunm practical oross  sectional armsa for all
ventilation columns. |

Ventilation pipes are commoenly supplied in 'the following
Imperial sizes: 11 inch, 16 inch, 22 inch and 31 inch. [t will be
noted from the table below that the cross sectional area doubles

hetween sices, amo thatbt two 11 inch vent pipes can feed a single

16 inch pipe with no volume loss.

The resistance due Lo friction is inversely proportional

ta the diameter of the ventilation column whereas the volume of

‘vontained air is proportional to the cross sectional area. In the

instance where two 11 inch vent pipes feed a 16 inch wvent pipe of
the same carrying capacity it will be noted that the surface area

per metre of the 18  inch vent pipe is less than for the two 11




inch  feeder pipes in the proportion 0.4 @ @x0.28. - Thus the
Friction will be grestest where the diameter of +the plpe is
smaller although the btotsl ocombined cross =zectional ares ig the

game. This effect is veryv significent where air speeds are high.
diameter inches diameter metres cross section area m?2
1t Q.28 0.06

2 0.he 0.25
31 .78 0.49
44 1018 0.98
B2 1.58 1.96
ag 2.24 9.9
124 316 ' 7.85
176 4.47 16.70

248 £, 32 31.38

From the ahove table it can readily be zeen that a 20

foot diameter circular vent shaft can serve four ten foot

diameter return airwayvs each of which can handle the air from
four five foot diameter grizzley ventilation drives By the same
convantion a working stope which is serviced hy a single.2.24m
diameter vent shaft requires matr-ways box-holes or draw-points
with a combined cross sectional area of 3.83mZ to avoid pressure

lozases and maintain ventilation efficiency.




VENTILATION NETWORKS

In any ventilation layout all sections of the mine in

which personnel work or travel through, must never bhe exposed to

foul alr from other se=otions.
to main return airways which

ventilation shafts,

air from surfesce is drawn into

Tdeally stopes should be connected
are in turn served by up-casting
Tt thix way atopes in which primarv blasting

takes place, are maintained at negative water gauge so that fresh

the mine throush the service

ghafts which carry men and materials. It ils reticulated along the

main haulages towards bhe working places.

hax-holes are sourossa of
up~-caat into the atope. Where

auziliary return aljrwavas may he

Long finger raises used to draw

Draw-points and

exresaive  amounts  of  dust  and must

sscondary blasting takes place

necessary to clear toxic fumes.

ore from stopes are ohoked with

broken rock and grizslev ventilation drives are required to

remova foul air from behind each griz=ley.

These GVD s must be

connected to an upe-casting  vent shaft by way of a main return

ajirway.

VENTTLATION SHAFTS

When any mine reaches a

certain sise 1t becomes necessary

‘_EOV shafle o be met amide exclusively for the transport of air.

Alr im a visceous tluid and is subject to the effects of friction



due to obstacles and irrvegularities in its path. A shaft which is

to be converted from o hoisting and access shaft to one used only

4]

for ventilation, should he stripped of all buntone, platforms and
other fittings which would hinder +the free wmovement of alr. The
gurface area of the shatt walls evert a frictional drag on moving
air. The walls of a oircular shatft have a8 smaller surface area

compared to those of an eloangate rectangulsr shaft with the same

cross secbtional arves.

RE-CTROULATION

The air at any working place underground should be
freshly soureead _from the main downcast system with> no
contamination from  stale  alr derivgd from adjacent working
places. Foul air fe~mir¢u]ating through a mine should bé'
contained behind barricades and diverted te the nearest sultable
up-cast peturn airway. Ventilation barricades and doors are used
to isolate sections of  the mine which are worked out but whose
primary Jdevelopment ig  still  in  occasional use, such .as by
maintenance ecrews and for the movement of equipment. The seepage
af air past barriers iz usually sufficilent to waintain air
gquality o abcepballe ahandards. Fraguent inspection by
ventilation staflf is neoesssary bo angure that no toxic bulld-up

iz talking place in any section of the mine.



PRESSURE GRADIENTS

A difference in  air pressure will ocause  the bodily
movemant. of  alr from a loration of higﬁer prassure to one of
relative lnwoer preassure.  The abaolute pressures  are mOht easily
measurad hy an  anaroid baromster which can bhe  carried into any
rart of a mine and ia simple to read. It should be calibrated
against a mercury column on surface bhefore and after any survey
and the results corrected for drift. The deeper levels of a mine
will vrecord higher abasolute pressures than the shallower but
these variations will nobt cause alr to flow. Differences in

temperature and humidity will also affect the absolute pressure

readings in a mine.

Belative Pregsures AT he neasurad by various

commercially available instrumentz,  but the simplest is a water
manometer made from a metre of transparent plastic tubing bent
into a "1 tube supported on a rigid board. These may be
permanently firxed to ventilation aoorﬁ with one arm in‘open

connection to  the opposite side. These should be read at the

start of each shift te reassure the person in  charge that the

Tdrentilation ayvstem Ls wovrlking properly.

A manometer reading of  150mn (8  inches) water gauge is
characteriastinr  =and is usually a suitable pressure gradient to

keep alir circulating through the average mine section.



POLLUTION CONTROT,

Various activities during the normal operation of a mine
will generate gasses which ave toxic to health. The most obvious

are the peroducts nf  explogives  dus bto primary and secondary

blasting. Underground welding iz the scource of hasardous fumes
eapecially when high alloy walding vrods are being used. All
routine welding underground should he aarried aut in a designated
workshop provided with 2 connection to =& return airway. All
welding should be carrisd out  where the air gpeed is sufficient
to prevent. the opevator or any other . person coming .in conbtact

with welding fumes.

BAGIC ECONOMICS

The maintenance of a safe working enviromment is a factor

Cas important as keeping the fine ore bin filled. The latter is an

ohvioug firat target of the whole mining operation, but down-time
and loat shifts due to accidents and workers i1ll-health can have

a ruinous affect on the overall viability of any mine.



shaft collar can b

The  supply of  fresh alr to  all fLravelling wavs and

working places is the major oost of environmental control. Some

U}
B

verv deep mines retain an up-casting  compartment within their

hoistiong or men and mabariale shafte in order to contain capital

rpenditure while commizsioning & new mine or section. This

requires airtight bratticing to separste bhe up-casting foul air
from the dovm-casting alr in the men and materials compartment.

The waolume of air is necegsarily restricbed and the necessary

high air speeds ta compenzabe, lead to  large friction losses.

[
o

This very deesep mining tvpical of the Witwatersrand but is
makes bebtber economic sense Lo =ink the production  shaft on the
down dip part. of bthe ore-body, with a separate dedicated
ventilation shaft np-div to take advantage of the small natural
ventilatimn' emponan Thase ashathts are usually  sunk .by

specialist  sinking conbrachoers  and  Lhe capltal costs are

necessarily hish.

The ventilation of mnines operating at moderate depths
(100 ko BOOMY  is best carried out with wmany smaller ventilation
ghafts which can be commissioned and abandoned in seguence aé the
working faces advance. The expanse of sinklng these shafts can be
contained by sinking from surface to 256 metres depth using low
cost well ainking techoology. A circular shaft with a diameter of
two metres or less i2 inherently stable, even through soil and
decomposed rock. A smooth concrste lining integral with a raised

using inexpensive shuttering. Mounting

bolts  For the fan  inatallabtion can  bhe incorporated  into the



concrets collar. AL 25 melres depth Lhe groundd can be expected to

bhe compsbent and 2 holing made  from hbhe underground reburn

alrway system using ony sultable inclined raising bechuigque., If a

ralse borer is  availsble (his 1 both speedy and  safe andg

L

1 mpoalh bore whiloh will provide minimom Criction to the

=

provides

asxhaushing air.

It thag been  found advantageous to aink a ventilation
shaft on the site »f a wvertical surface drill hole  for the
following reasons.  OGeotechnical  information will be available
Trom Lhe logging »f the hole 20 sones of poor ground condibions
can be avaided.  The lecation of the hole where (6 intersects the
orae-hody will hawve heen esbhahlished so the starting point for the

connecting ralas ~an be olanned with acouracy,. Water which would

aeounmlate i1 Lhe shaflh bobbom during sinking will drain down the
Arill  hols  inte the mine su the necessity for pumping is

eliminated.
TLIAMINATTON

Good lighting in the work place has been  shown to hoth

inerease produrtivity and reduce the accident rate. This is true

. of underground mining which relies on the supply of artificial

lighting more than any other ocoupation.



Tl I N I O T TS O D D B BE BE aE e

Tha  minimum  amormb of  anderground  lighting is that
munplied by the cop lamps worn be  each  person.  These provide
Light for the work and importantly illuaminakhe the worker so that
his presevce lo alwayve reglstered. Good maintenance of cap lamps

ig an esaenbial facbor in acoident prevention.

Light is = wery small part of the electromagnetic
spectrum  to which our eyes are sensitive. The whole spectrum

ranges from radio waves to gamma and cosmic waves and these waves

0

are a wmedium for transporting energy across a void.

The candela has replacsd  the standard candle as  a
measurable light source. The lumincous flux is the radiant energy
which flows from a light source. This iz measured in lumens. The
illumination of =a gurface by a light Bauree is measured in lux,
which are equal técone Lumen per square metre. A point source of
light of onhe candela will produce illumination of one lux on a
gurface one metre away provided thmﬁ {he mource is perpendicular
to the surface. Illumination from a non-perpendicular source is

calculated by mulbtiplying by the cosine of the deviating angle.

This ig khown as the cozsine correction.

The most common light sources in  use are the filament
lamp which employs an incandescent tungsten wire surrcunded by an

inert gas, u=ually argon, protected by a glass bulhb. The filament



glowas at & bhright white heat, ab btemperabures over 15002C and

only some 10%  of the: energy radiated 1s in the form of useful .

light . The elsctiric csp lamp vses this Ltyvpe of bulb.

The fluorescent lamp is a hollow glass tube coated with a

fluorescent powder which emitse light when excited by ultraviolet

radiation produced by passing a current down the partly

evacuated tube. As lesa heat energy is  produced the fluorescent

light is some six times nors officient than the filament lamp.
The mercury are lamp is similar gas discharge lamp which

doeas not uss a fluorescing powder, emitting white light directly.

It is a more efficient light source with a long service life and

is most sulitable  for illuminating large bays where an intense

light source is reguired.

A cap lamp produces from 2 to 4 candela of illumination

normally providing a fecused beam of 45 lumens.
A 40 watlt tungsten filament lamp produces 3D candela
A LDD watt tungsten filament lamp produces 130 candela

A 40 watt fluorescent lamp produces 200 candela



The use of reflectors, and simply

surroundings of o light sOUree lncreases

1llomination significantly.

by

The recommendesd levels of  11]lumination

mines in Louth Alrica are as follows:

Stations and areas where machinery is
Junotions and hazsarvdouws areas HO lux.

Travelling ways 20 Jun.

uss

whitewashing the

the

available

for underground

ed 100

200 lux.
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MOMITORING
SAFETY

The principal reason for enviromnental monitoring is to

maintain a level of safetvy in which all work may be carried out
with minimum pisk. It is universally accepted that opencast
mining is intrviusically  safer than underground mining. The main

reazmon is that the whole operation is constantly visible to the

superviasor, and any infringement of safety rvegulations can be

immediately_ rectiflised.  In an underground operation there is no
subatituts for conatant vigllance on the part of the supervisory
ataff. HMNumerous mémidents have been caused by workers unlawfully
regting in what they thought to bs an unused devalopment: end; and
falling asleep. Video monitors are npt usually practical in an
underground environmm]t.A,w a0 caonstant training and be—training of
wopkers together with regular inspectioﬁs by senior personnel is

the only proven methed of maintaining a safe mine.
ATR QUALITY
In ideal circumstances the men and material shafts of an

underground opsration will constantly downecast fresh air which is

then drawn along the main haulages and travelling ways into the

.Stopes. These are held at negative relative pressure by a return

alrway cannected to an up-casting ventilation shaft.




Hagses Indurious to heallbth are generally oxides of carbon
Ad owides o pnibreopen,  'The farmer are deprlved from the complete
and innompdeste combustion of  organic matter.  Carvbon dioxide,
like nitbtrogen 1o a auffoealting juart gas, but carbon monoxide is
a dangerous poison, they arae Foaund in both blaasting fumes and
diesal exhaust. FProlonged eﬁpmﬁmfe to  concentrations of only
D.1%  of U0 can e fatxl. Portable electronic CO detectors are

available for testing for braces of this gas. These should be

wining sections. Fixed audio visual alarms

avallable in trackle

at. prea-met levels.

can bhe asab

The oxides of nitrogen make up part of  ths fumes formed
aa a product of blasting. These have an irritating smell and are
therefore easily detected. Prolonged exposure to  very dilute

concentrationg of thess gsases will cause permanent lung damage.

The average worlerground blasgt using  100Kg  of explosive

will produce approximately:

3 cuble mebtres cavbon monoxide
20 cubic metrees carbon dioxide

e

2 oeubic metres of nitrous fumes



Electronic malll gas besters have been developed to be.
used bhoth as  fized installations and as portable hand held
devices for spot chechs. These can monitor levels of Oz, NCO, NQO=.

COz, CO, 502 as well as smoke levels and temperature.

HOUSEKEEPING '

A clean and unclutbered environment underground is an

essential requiremaent for the maintenance of a asafe and
productive work-place. ’lravelling ways should be free of
projecting plipes and slectric cables. The rungs on ladder-ways

must bhe properly fastensd and an  exact distance apart (30cm).
Bing must be provided in stations for the accumulation of rubbish
such as empty bozxes, rope fragments, bimber off-cuts and broken

drill asteels, and these nuat be cleared on a daily basis. This

can only be achisved by regular v1 sits to all sections of a mine

by the oversesr who must maintain records of conditions.

COMPUTERTSATTON

The advent of leas expensive and portable computers in

the work-place has wade the interactive monitoring of most tvpe

of instrumentation possible. With a networked system 1t is
posgible to Have all sensors in the mine linked to a surface
nontrol  room where conatant dlaplavse show the condition of all

ections of bthe mine in peal time. Simple manually operated

3



procesasorae allow dailyv, weekly snd monthly graphe to be speedily
and accurately prepared to reveal anv trends developing in the

gquality of the environoent underground.
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