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SAFETY IN COAL MINING FOR AFGHANISTAN 1

e oot

By Hugh D, Graham R

INTRODUCTION

Mining is a hazardous occupation because it is carried on underground
in confined places, Dangers are always present of explosions, fires, or
falls of roof or ribs,

A number of factors tend to increase the danger of accidents at any
mine, These include: increasing depth, with consequent heavier roof
pressures and higher temperatures; increased concentration of harmful
gases in the mine air; and an increase in the practice of blasting off
the solid, which leads to greater production ef coal dust, However,
the most serious safet - prohlem in mine operation results from errors or
careless acts on the part of employees, To control this problem most
coal mining countries have adopted safetv. codes or laws,

The purpose of this text is to give all men connected with the
mining of coal a general knowledge of ventilation, gases, explosions,
coal dust, fires, first aid, and mine rescue so that they will be aware
of the dangers which exist, This information, if properly used, will
help keep the minineg of coal in Afghanistan as free from accidents as
humanly possible,

1. Work on text completed
February 1, 1956

2, Mining Engineer
Division of Foreign Activities
U, S, Bureau of Mines
Kabul, Afghanistan
1954-1956

Re



ACCIDENT STATISTICS, UNITED STATES OF AMERIQA

Since its founding the Uni
jnformation directly frem the mi
mining operations, ard the cau: :

For the year 1951 ths following table will give some idea as to the
principal causes of injurics ir vivumincus ccal mines of the United States

5

ted Stanes Burean of Mines has gathered
# indusiry regarding accidents at
cf’ these aceidents,

of America,
1 L T
CAUSE ! FATAL INJURTES ! 'NONFATAL INJURIES
1 1
OF ‘ 1 N R SRR WY | ’
INJURY ' Number ° Percent ' DNumber ' Percent
t ! 1 T
AT R ! .
Underground: i ; ;
Falls of roof : ‘ i
and face ~w-n 9 a5 7 by 18,42
Mine cars & - :
Locomotives- - i : 14,77 f &80 19 18,85
Explosions of J ; .
gas or coal : : . i
dust me-=r-- 158 ¢ 22 ol ! 30 . Puing
Explosives w—.- } s s 1.02 . s 099
Electricity ——- ! 18 5 e s 720 : 2 etb
Machinery «——-- ! 20 : 292 ! g.008 11,76
Mine fires —we~ ! 0 & 0,00 . 3 1 W14
Shafts and 1 ! ! !
slopes ~-ewm- ! 6 ’ 58 5 0 1 58
Miscellaneous - ! 8 s 1 ! By501 *f 29,56
1 1 ! 1
1 1 1 - ]
TOTAL##t e ! 618 ; 90,35 Y eBele ! 83497
1 1 1 1 ¢
Stripping or ! ! ! !
Openwcut mining ; 51 : 4,53 : 107 : 8432
Surface mesmmmnan ! g e - mier Y o
1 1 1 1
T T T . T
GRAND TOTAL#fmmen ! 684 PoOl0oge v BE0el ' 1o0o
t 1 1 '
4 1 1 1
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The f a Fire Boss are not too exlensive; however,
a man u“ in sunt of knewledge before he can qualify,
In min=s Slig iveratles gas or the coal is of such a nature
that 1t fi adily, the responsibility of a Fix 055 is gieat, A

mine firs, or an explosion, cr a serious accident may be prevented by
the quick action of a Fire E”?bg

The fo '13ﬂL1g is a list of the minimum requirements that/a man
should h=ve %o be able tc gualifv as a Fire Boss in Afghanistan;

d & reaponsible person with at least 3 years of coal

o3}
(O

nining experience.

R. Fe alle o at least write his name and date.

9. Havs a practical kanowledge of mine ventilation and be
able t» determine the gquantity of air with an

LLEomeTer,,
4. Have g kanWeﬂ@e off the various mine gases,

S. Be able to detect methane with a flame safety lamp,
6

» Be able to detect carbon monoxide with a carbon monoxide
detector,

7. Have a general knowledge of the causes of mine fires and
explosions,

4

for this reason, a competent



C. DUTIES

Listed below are the duties that a fire boss must perform every day
of the year regardless of whether or not the mine is scheduled to work,
1f the fire boss is unable to perform these duties on any one day, then
the mine foreman, or the mine manager must perform these duties,

1.

2,

3a

L.
5e

Te

8.

Pe

He shall enter the mine not more than 3 hours before the
regular shift is scheduled to commence work on working days
and every 8 hours on idle days. Upon entering the mine, he
will hang at the mine entrance a red danger sign; and, no
person, except the mine manager and he only in case of nec~
essity, shall pass beyond this danger signe

He shall examine all main entries or slopes and every worke
ing place in the mine for (a) safe roof condition (adequate
timbering), (b) dangerous or noxious gases, (c) adequate
ventilation, (d) normal mine temperature, (e) coal dust in
suspension, (f) any condition which may cause a fire, and

(g) any other unsafe condition,

He shall also examine any other place in the mine where gas
might accumulate or where other dangerous conditions might
exist that would cause a mine fire or an explosion,

He shall also examine every fire seal in the mine and make
sure that each and every seal is air tight,

It shall further be his duty to do or cause to be done what-
ever may be necessary to remove or correct any conditions
which he found during his examination to be dangerous, Any
dangerous condition must be corrected before the mine is re-
ported safe for the men to enter, ;

He shall leave evidence:of his presence at the face of every
place examined, This evidence shall include his name or mark
and the date,

After he has made sure that the mine and all places in the mine
are safe, he will return to the outside and take down the red
danger signe, After this sign has been removed, the men may then
enter the mine to commence their work shift,

He shall upon having completed the examination of the mine and
the removal of the danger sign, make a written report of the
condition of the mine within a book prescribed for this pure
pose, In the event that the fire boss can not write, he will
make his report direct to the mine manager who will in turn
make a written record of same,

After finishing this written report, the duties of the fire
boss are completed for one day, He shall not be required to

perform any other duties at the mine except in the case of an

CMergencys
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L. NUMBER OF FIRE BOSSES REQUIRED

There will be at least one fire boss employed for every operating
mines The fire boss examination can not be started more than 3 hours
prior to the time for the shif® %o comuunce work; therefore, one man can

i L 53 o be spent in more than one mineg
In the event th: mine is of such an extent that one man can not examine
each place thorcughly in theze 3 hours, additional fire bosses must be
employeda o Ay .

Where there are scveral mines operating within a small radius, an
extra firc boss shoulc be employcd., This extra or relief man will make
a fire boss run at ¢ dificrent mine ecach day; thereby, allowing the ree
gular fire bosses cnz day a weck i which he will not be required to work,
Also, in the event of ilinsess of a regular fire boss; this extra man can
fill in,
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E. I'STRUMENTS USED BY FIRE BOSSES

1ls FLAME SAFETY LAMP

a, GENERAL

The flame safety lamp is the most widely used device for detecting
methane in coal mines, It is also used to a limited extent in testing for
oxygen deficiency, The flame safety lamp will not burn in an atmosphere
free of explosive gas and containing less than 16 percent oxygen, Bgcause
the flame safety lamp can also be used to detect a deficiency of oxygen,
usually called Yblackdamph by the miners, it excels any other approved
methane detector for practical use in a cosal mine, The flame safety lamp
is therefore not only valuable for the fire boss and other mine offieials
to use in thoir everyday work, but also it is valuable for use in exploring

old working and in recovery operations of mine regions th-t have been
sealed,

The history of the development of the present flame safety lamp started
back in 1815 when Sir Humphrey Davy developed the YDavy Safety Lamp," At
about the same time Mr, Stephenson developed his safety lamps In both of.
these lamps, the light or flame is isolated from the outside atmosphere by
means of a gauze., Along about this time Dr, Clanny invented what is known
as the "Clanny Larp(" However, his lamp was designed with a glass cylinder
surrounding the flame with the gauze placed on top of this glass cylinder,

Different devices were added to these lamps from time to time, The
first important device was a key lock which prevented a miner from taking
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the lamp apart while still inside the mine., The "Clanny Lamp" construction
improved with an additional gauze and a bonnet (a metal cylinder enclosing
the gauze); this was known as the ¥Marsaut" lamp, The "Mueseler" was
similiar to the "Marsaut" except for a metal chimney inside the gauze,
This metal chimney was to prevent the feed air coming in the top from mixe
ing with the burnt gases rising in the lamp from the flame, Other improvee
ments such as the magnetic lock, internal igniter, expansion ring for the
glass cylinder, under fecd gauze to allow the feed air to come in under-
neath the glass cylinder; and an improved bonnet which permits the lamp to
be used in high air velocities led to the development of our present day
flame safety lamps,

. Of the several present day flame safety lamps the "Koehler" and the
MJolf" are thc most widely used in the United States, Both of these flame
safety lamps have the approval of the United States Bureau of Mines,

b, PRINCIPLE OF FLAIE SAFETY LAMPS

The safety principle in the operation of a flame safety lamp is that
the mine air surrounding the lamp has free access to the interior of the
lamp and when the atmosphere contains methane the gas burns inside the
lamps The products of combustion from this burning gas must pass thru the
. gauzese ASs these products of combustion issue from the lamp through the
gauzes in a series of fine jets, they are cooled below the ignition tempe
erature of the gas-laden atmosphere surrounding the lamp and thus prevent
the ignition of gas outside the lamp,

The operational principle of the flame safety lamp is the behavior of
the flame, When atmospheric conditions are normal the flame of the safety
lamp has a normal flame appearance, However, when the atmosphere undergoes
certain changes the appearance of the flame is 2ltered, and it is these
alterations in the flame that makes the safety lamp valusble in the teste
ing of mine air,

Ccs FUELS FOR FLAME SAFETY LanP

The characteristics of the flame of a flame safety lamp are governed
by the nature of the fuels burned in the lamp, All fuels suitable for
safety lamps are hydrocarbons, Fucls that have a higher proportion of
hydrogen give higher temperaturcs in burning, Fucls that are higher in
carbon give more light and less heat,

High carbon fuels include whale, fish, =nd cottonseed oils, lard,
and kerosecne, Fuels high in hydrogen include alcohol and gasolines,

The best fuel for the flame safety lamp is either naphtha or heptane,
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" ¢y USE AND CARE QE FLAME SAFETY LAMPS

Thousands of flame safety lamps are used in the United States in a
great many mines and by all types of men; as far as is known, there has not
been an explosion caused by a properly assembled safety lamp having double=
gauze and a bonnet, maintained in a permissible condition, The United
States Bureau of Mines has also made hundreds of laboratory tests of flame
safety lamps and has never been able to get a failure of a properly designed
dauble~gauze, bonneted lamp, even in the most explosive mixtures of gas and
with strong air currents striking the lamp in any of several directions,”
This shows that when rightly made, properly assembled, and properly used,
the flame safety lamp is reliable; however, it may be so misused as to
become a very definite hazard,

Flame safety lamps should be cleaned, filled, repaired, and locked by
a lamp attendent or other competent person, Everyone who uses a flame
safety lamp should understand its construction, assembly, and dangers of

faulty use,

CLEANING, FUELING, REASSEMBLING

In cleaning, filling, and reassembling the flame safety lamp, the
following precautions should be observeds: ;
1, A1l removable parts should be detached, The top of the font
should be opened and the font filled at the filling station
" with a good grade of naphtha.
2. The gauzes should be cleaned by brushing, They should be
examined for broken wires, and enlarged or obstructed holes,
A new gauze should have the coating burned off before being
" used, :
Be The glass should be thorough]_}" cleaned, It should be examined
for defects, especiallv chipped edges, The gaskets should
" also be examined and cleaned of all dirt, grease, etc,
4, The bonnet or shield should be examined for defects and
" cleaned of soot or dust,
5. The lower gauze ring should be inspected and cleaned,
6, The internal igniter should be tested,
" 7, When the font is filled, the fluid should not be allowed to
ran over, ]
8, The wick-raising device should be inspected,
9, After the wick has been lighted, it should be adjusted to a
low flame, the parts of the lamp put in place, and the lamp
" locked, :
10, As a further precaution, the lamp should be tested in a test-
ing box before being taken into a mine,
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COMMON ERRORS IN ASSEMBLING

Leaving out one or more gaskets, or using broken gaskets,
Leaving out one of the gauzes in double~gauze lamps,

Placing on the top of *the glass an expansion ring designsd to
be placed under the glass {old type lamp only)e

Placing the expansion ring upside down, {(on oild *ype lamps) +hus
degtrcying its usciulness,

Failure *o screw the fuel vessel enough to mske a tight fit
betwsen the gis3s glcbe and the gaskets,

, Leaving ¢ff uhe deflisction rings that prevent air from blowing
‘dire-tly imbo the lamp,

Placing a defantive gauze in a lamp,

METHOD OF ASSEMBLING

Probably the best method of assembling a flame safety lamp is as

follows:

1, Fill font with fuel; thoroughly clean and examine all parts of
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lamp, making sure that all parts are in good condition,

Place inlet gauze and bottom gasket in place,

Place glass in position,

Place top gasket over glass if separate gasket ring is used,

or after assembling gauze place gasket in bottom of outside gauze,
Place gauzes on top of glass.

Place bonnet, with expansion ring in place, over gauzes,

Screw bonnet on font threads until the glass can just be turned
by a thumb and one finger; see that the lock operates anc taat
the lamp is locked,

FLAIE SAFETY LiiP PARTS AND DIAGR.GM OF .LSSEIBLY

12, Bonnet
1b, Expansion Ring

10, Gauze Collar
S« Quter Gauze
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8¢ Inner Gauze Read Down
Upper Gasket i

6. Globe :

5e Baffle Ring
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i EXPLAIV.TION
For Wolf Lamp

1. It is not only necessary that the safzty lamp varts be placed

/ in their proper places, but it is also nocessary thnt the parts
be handled and assembled in a neat and workmenlike mennec.

2, In order to follow the above diagram pick out the parts shown
in group No. 1 and assembly these parts upward in the order
that they are numbered.

3, In group No, 2 begin with the part shown at the top of the group
and assemble downward following the order as showne

. Lo after the second group has been assembled, assemble this group
to the first group.

5, ifter the two parts shown for the third group have been
assembled, connect to groups 1 and 2 completing the assembly,.

6, During the above procedure, test all parts for defeets and
cleanliness and test the globe for proper tightness,

This method permits building the lamp from the bottom up and observing
that each part is in its proper place up to the instant of locking the

lampe

PRECAUTIONS IN USING

When using a flame safety lamp there are certain precautions which
must be followed if the lamp is going to operate efficiently and at the
same time remain a safe light, The following listed precautions are
amo g the most important,.

1, Be sure .that the lamp is locked before taking it into the mine,

" 2¢ Examine it carefully yourself to see that it is in pood condition,
even though it has been passed by the lamp inspector, Test in
a2 testing cabinet if availeble, ’

3« Do not carry a magnet or other device for unlocking the lamp,

Le If you have to prepare the lamp yourself, put the parts together
carefully; be sure that the glass is not cracked and that the
gaskets are good and properly placed, A4Lny carclessness in
these matters may cost you your life and the lives of others,

5« Do not carry motches, a patent cigarctte lighter, or any other
igniting device into the mine, '

6e Do not attempt to open a lamp within a mine unless at a regular
lamp station where the rules of the mine permit lamps to be
opened and relighted,

7s Do not set your lamp on the floor in the mine; it may accidently
be upset and extinguished, and the glass may be broken, It is
better to hang the lamp on a timber by means of a stout nailj;
even then the lamp should hang free and never in an inclined
position,

84 Do not use a lamp that has rust, dirt, or oil on the gauzes,
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Because of the wide occurrence and dangerous characteristics of methane,
the detection and determination of the amount present in mine air is vitally

When testing for the presence of gas in a mine, hold the lamp
firmly by the bottom,
When testing for gas, be careful to prevent dripping water from

" striking the glass,

Do not allow the flame to smoke; soot may fill the gauze and you
will have poor light,

Before entering a room or tizh' end., sxsmine the flame of vour
lamp, and as you odvance make frecuent tests for gas, lMake
frequent tests durinz the chifl and always before and after
firing a shot,

If possible, avoid testing for gas while shots are being fired;
the flame of vcur lamp may be driven through the gauze and zas
outside the lanp mav be ignited,

The flame safety Llamp should nct be used in high places where it
is necessary to attach the lamp to a pole. Testing in such
places preferablv should be made with one of the other devices
for detecting methane;

When the gas flames in your lamp, withdraw the lamp slowlv and
carefully; if the flame goes out retire to fresh air before
attempting to relight it with the relighting device,

If your lamp flames up and goes out, be sure to examine the
gauze, because the gas may be burning within the gauze, To
extinguish the flame, shut off the air supply or take the lamp
to fresh air,

To avoid being left in the dark, fire bosses and others working
alone should carry an approved electric cap lamp or at least a
permissible flashlight,

Lamps that have not been used for some time often have rusty
gauzes, a hardened wick, or gummy oil, Do not take a lamp in
such condition into a mine,

Having detected gas, do not repeatedlv put your lamp into it;
but arrange for the removal of the gas by ventilation,

051

GAS DETECTION WITH A FLAME SAFETY LAMP

E.

important during both normal operating conditions and abnormal conditions
following mine fires and explosions,

The

flame safety lamp has definite limitations as a gas detector;

it is doubtful whether the avarage observer can detect less than 1 per=
cent of methane with the ordinary lamp,

"hen there is sufficient methane present to be detected with a flame
safety lamp, the amount may be roughlv estimated by the height of the "cap"
or elongation of the flame, but these estimates are likely to differ con-
siderablv from the true value, Men charged with the responsibility of
detecting methone with a flame safety lamp should be thoroughly competent
and experienced in the use and care of such lamps, They should, before
being employed and periodically theredfter, furnish proof thot they hove
good eyesight and ore not color blind,
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| A reduction of oxygen below nommal (20,94 percent) will materially

affect the efficiency of gas detecting with a flame safety lamp, because
the lower oxygen rapidly affects the illuminating power and consequently
the heat of the flame, Burrell states that the effect of the reduction

of oxygen on the illuminating power of a flame lamp is as follows:

Percent- Oxygen Percent I1lumination
20,94 100
20,70 90
20430 75
19.90 70
; ) 19,30 40
18,90 28
[ : 18,30 12

In view of the rapid decrease of illumination with a small reduction
of oxygen, it is obvious that the flame safety lamp will be anything but
an efficient device for detecting methane in any appreciable oxygen de-
ficient atmosphere, A flame safety lamp cannot be relied upon to detect
methane efficiently when the oxygen content has been reduced to less than
20 percent, Because of the low oxygen content, therefore a low temperature
flame, no "cap" or other indications of the presence of methane are
noticeable on the flame of the lamp,

HANDLING A LAMP DURING TESTS

After a lamp has been properly prepared for use it may be raised
slowly into the place to be tested, The lamp is generally grasped firmly
by the fuel vessel or lower portion and held upright, The lamp must be
raised slowly., It is very unwise to place a lighted safety lamp in a
mine atmosphere known to be explosive; by raising the lamp slowly the
atmosphere can be explored, and when the behavior of the flame indicates
that a dangerous amount of gas is being approached the Jamp should be
withdrawm slowly, OShould a safety lamp be thrust inadvertently into an
explosive mixture, which may be indicated by the lamp filling with flame
or the wick flame "going out", it should be withdrawn slowlv, Hasty
withdrawal will tend to drive the flame through the gauzes, The lamp
should be taken to fresh air or be extinguished by shutting off the air
supply,

METHODS'QE DETECTION

Tiro different methods are employed for testing for gas with an ordinary
flame safety lamps use of a short almost nonluminous flame, and use of a
normal flame about 1 inch high, The short flame is better suited for
accuracy and from the standpoint of safety,
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ﬂ- ' NORMAL FLAME

Far even approximate detection, the height of the flame in fresh air
‘ghould first be noted, after which the increase in flame length due to the
presence of gas will indicate the percentage of gas present. This method
can only be an approximation, since fresh air may be some distance from the
gaseous mixture tested, and accurate results could be o¢btained only by use
of a measuring device to show the lengthening of the flame, :

1CAP" OR NONLUMINOUS FLAME

The cap flame is by far the most reliable for gas detection, since it
requires no previous adjustment in fresh air, The normal flame is reduced
until the yellow colcr disapnears and a blue flame remains, This flame
does not interfere with seeing the '"gas cap",

The height of the gas cap determines the amount of methane in the mine
air, However, each different type of lamp gives a different height gas cap
in the same percentage of methane, For instance, a flat wick lamp will not
necessarily give the same results as a round wick lamp, Alse, two lamps
of the same type but burning two different types of fuel will give different
height gas cap in the same percentare of methane, This is because the temp~-
erature of the flame deterrmines the height of the gas cap and the temperature
is dependent upon the type of fuel used, The proper procedure is to nave
each person authorized to carry a safety lamp issued the same lamp every
shift; then, have that person test his lamp quite frequently in gaseous
mixtures of known methane content. In this manner more accurate results
will be possible for every day testing,

Quite often a small cap is noticed in fresh air eover the regular cap
flame, This is due to the heat of the flame turning some of the fuel inte
gas which forms the fuel cap, This cap depends on the kind and guality of
fuel being used and is quite often cistinct in a naphtha er gasoline burning
lamp, Practice in fresh air in observing this fuel cap will remove the
tendency to count it as a gas cap in making a gas test, since it has a
round or mushroom ajpearance, whereas a gas cap has a pointed appearance,

f, DETECTING OXYGEN DEFICIENCY WITH A FLAVE SAFETY LAIP

As the percentage of oxygen in the air becomes less than normal, the
illumination of the flame becomes less until the percentage of oxygen
reaches 16, in an atmosphere free of explosive gas, at which time the flame
will go out,

When the percent of oxygen has drooped from normal (20,94 percent) to
20 percent the flame will have lost between 25 and 30 percent of its heat
and illuminating power. "“hen the oxygen content drops to 19 percent the
glame will have lost between 60 and 70 percent of its heat and illuminating

ower,
It must be remembered that a flame safety lamp only can be used as an
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indication of a deficiency of oxygen and cannot be used as final proof
OF OXYGEN DEPLETION. The presence of mgthane will permit the flame of

the lamp to burn F*e"'f in an oxygern uuD-P“* below which it would not béve
purned in air ccontsining er, irresrective of the per-
centage of metnaie 3) o Tlame 3afaty lamp fu swringuishod when the
oxygen content fair =

o mathane

2L .,

L) 2 A 1.
L) pereelive

m., MISUSE OF FLAME SAFETY LAMP

Although numerous 22cidents and disasters have been caused by flame
safety lamps, generally iley can be traced to the fact that miners, fire
bosses, shot fires, s>Tefr engineers, or mine foremen have atteapted to
use lamps that were defeciive; dirty, or no+ properly assembled or have
taken them apart an: ﬂit,,@_?ﬁ 4o »eliohs them in an explosiva mixture,.
Safety lamps crs safe only when proje. caned, essembled, locked, and
in the hands of rpwﬂy,:nu ETattite : good eyzsicht and rec 13ze the
limitations of tne i

Several ser: have teen cavssd by persons who
opened their ilawm : tried o 1 311fh+ them iaside the
mine, The man aho cn=s Loz dneide a mine deliberztely endangers

himself and his lGLlOW'WOIkmﬁuj nd bie nan who strikes a match inside a
mine to relight a lamd shoiid be classed as a criminal,
The following three accrmbis of mine explosions are given here as
an example of misusing & fiamc safeoy lampe
(1) An explosion in a ~oal mine ia Colorade, U,S.A., caused
the death of 121 meni. The firc btosses of this minz were
accustomed to repcrt the mine free of gus if not more than
a 5/8 inch cap showed in their lamps, This criterion in
itself was unsafe, beczuq' & cap of this heieht means that
there is at least 2 pax ﬁl'cﬂu; 1 Gargercus nwvnpvtage,
of g2s present; anli, 2 nange or redrvansemcnt in
veatilation could easil rease the r opertion ol gas
vo an explosive mixturz. sarevy succtor, a vrusted
man who also acted as safety Jlssruc* carcied a key=-
locked lamp, After the explosion thi

¢

lamp was found taken
apart near his body, and there were 22 matches in his cloth-
ing. Undoubtedly the flame on his lamp had been extinguished
while he was testing for gas, and instead of leaving the

mine entirely or proceeding to 2 lamp station he had retreated
a short distance from the supposed location of the gas,

had taken the lamp apart, and had tried to relight it with

a match, this igniting the gas and causing a terrific
explosion which killed every man in the mine, There had
been a methane explosion in this mine about 5 years before,
and the cause of ignition was an incorrectly assembled

fleme safety lamp.

(2) An explosion in a coal mine in Vest Virginia, U.S.A.,
killed the mine foreman and six others, A fire boss had
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reported gas in one of the rooms, and the mine foreman went
to that section of the mine to put up a brattice to remove
the gas, After the explosion the foremen’s lamp was found
disassembled, =nd matches were discovered in bhis clothes,
Evidently the flame of his lamp had Leen extirguished,

and he was unable to relight it with the ignilter, so he

had opened the lamp and attempted to relight it with a
match, ;

(3) 4an explosion in 2 coal mine in_Wyoming, U.Sehey killed a

shot firer and 98 other men, After the explosion a burned
matech was found nsar the shot firerts disassembled lanp,
which apparcntly n=d been taken apart for relighting.
The shot firer evidentl; had tested for gas and had the
flame of his Jarm extinguisiad zud, *hinking that he was
on the fresh-aiy side of a Lratticre. had taken his lamp
Ebart and tried to religat it, The fisme of the burning
match ignited gas which probably had sccumulnated when a
rock fall tore down 2 line brattice,

24 ANEMOMETER

The form of anemometer gencrally used in coal mining consists of a
metal ring within which is set a rotating propeller or blades The air
current striking the inclined blades rotates the vane, the number of re-
volutions being recorded on the face of the dial by means of a series of
gears, The instrument is so calibrated that each revolution of the vane
I corresponds to one lineal foot of air travel, The instrument is employed

to measure the velocity of the air current in mine airways as expressed
in fee‘b.

In taking a reading a place is first found where the air has a
straight course and will not be deflected unequally to either side, and
where the area of the airwey can be measureda

Hold the anemometer at/ix:i's length in such a way that the blades
will turn in a plane at right ausles tc the azir current, using reset
lever on anemometer, so all cdial hands will be on zero, the brake lever
near handle is releascd and anemometer erxposed to the air current for
one full minute, moving about so as to obtain an average reading for the
entire sectional area of the airway after which the brake is applieds
The reading of the anemometer times the area of the airway in square
P feet gives the quantity of air passing in cubic feet per minute,

34 CuRBON MCNOZIVE DETECTOR

Because of the dangerous characteristics of carbon monoxide, means
for its detcction arc vitally important especiolly following minc fircs
and explosions, .ilso, it is important to be able to detect the prescace
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of carbon monoxide when investigating sealed off areas and old.workings.

There are several methods used for Qetecting c?rbon monox?de; but,
for the purpose of this work only the iodine pentoxide (hoolamite) de-
tector will be explained, : e

The hoolamite or activated ilodine pentoxide ind cater for carbon
monoxide is commonly just called the carbon monoxlée deﬁector? Hoolamite
(1205 + HpS0), + 803) is a mixture of iodine ?entox1de and fu@lng.su}phu?ic
acid on granular pumice stone, In contact with carbon monoxide iodine is
liberated, changing the originally white granules to bluish green of in-
ereasing depths, then violet brown, and finally black, depending upon
the concentration of cavben monoxide,

Hoolamite averages appreximainly 12,29 percent of iodine pentoxide,
51,89 percent of sulorric awld (47 percent of 503) and 35.82 percent of
pumice granules. MAs moisture cavses deverioration of hoclamite, it is
marketed in small glasg {vhes vspered 20 toe ends end hermelic2lly sealed,
The complete indicator Ccomprises a matel barrel fiiled with astivated
charcoal, through which air is ciswn Uy means 2f = eobber hind bulb,

The inlet end of the barrel Las a ccorruzated i *to which a ubber tube
may be attached, The air is then discharged by the same means through
a2 small glass tube containing hoolamite., A cowpaiison color tubs is
placed alongside the hoolamite tube, The scals and tube arc kept in
position by holders firmly attached to the metal barrel,

ae¢ INSPECTING DETECTCR BEFORE USE

Before a hoolamite detector is taken underground it should be inspected
carefully to make sure that the aspirator bulb does not leak and has tie
proper resilience; that the valves of the instrument are tight and functimn
properly; that the color tube is held securely in place; and that the
activated charcoal is in good condition,

When the aspirator bulb is squeezed, a current of air should issue
from the rubber connecting joint into which the hoolamite tube is to be
inserted; and when the bulb is released a current of air should enter the
inlet opening, Hence, the cordition of the bulb may be determined by
testing it with both of ~hese orenings closed,. If the bulb is sound, it
cannot be squeezed flat; if it Jecks resilience, it will not go back into
shape promptly after beine :cliapsed, A bulb that is found to be defective
should be replaced.

If the inlet valve 1n ©rght, ro air will be lost when the aspirator
bulb is squeezed, as long 2s a ~inger is hold tightly over the opening in
the connecting joint. I tac =2lve is functioning properly and the inlet
aperture is open, the asviratce bilb afbci being collapsed will refill
rapidly as soon as the hand precsure it withdrawn, If the parts of an
dnlet valve leak or stick tacy shovld be rescved, wiped clean with a cloth,
and replaced, In reassemblirg, cure sbondd be taken to replace the spring
in the proper position to hold the valve sexzt in place,

If the outlet valve is tight and thc snist aperture is closed, the
aspirator bulb should remain collapser when the pressure that deflated it
is relecsed, If the parts of the outlet valve leak or stick they should
be removed, wiped clean with a cloth, and replaced,
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If the material in the hoolamite tube becomes discolored when squeezed
20 times in pure air the charcoal container should be refilled with fresh
activated charcoal, In reassembling the instrument care should be tagen to
replace the spring that holds the charcoal in place correctly, otherwise
air channels through the charcoal might result,

be USE OF DETECTOR IX MINES

Assuming that the operator is protected by a suitable respiratory
apparatus when working in an atmosphere liable to contain carbon monoxide,
he should use the detector in the mine in the following manner:

le Squeeze the bulb once or twice to remove any moisture and to fill
the instrument with air identical with that to be tested,

2, Break both tips of a hoolamite tube and insert it firmly in the
instrument with the shoulder securely seated in the rubber
connecting joint,

3e Squeeze the bulb 10 times in succession, collapsing it completely
each time, This will force about 350 cc of air through the
impregnated pumices A slight amount of smoke or fume should
issue from the hoolamite tube when the bulb is squeezed,
Although this smoke is harmful, if breathed directly, under
ordinary conditions it will be diluted so quickly by the mine
air that no symptoms other than coughing are likely to be
noted, Observation of the smoke, however, is often advantageous
as indicating the direction and velocity of the ventilating
current in the mine,

Le After squeezing the bulb the full number of times, compare the

- resulting color with the permanent colors in the color tube and
note the corresponding percentage of carbon monoxide, At low
concentrations of carbon monoxide the color in the hoolamite
tube fades rapidly, hence the comparison with the color tube
should be made at once,

5¢ If no color comparable with those in the color tube results
from 10 squeezes, repeat the test, using some multiple of 10
and making the corresponding correction in the percentage ine
dicated by the color obtained, For example, if a color correse
ponding to that for 0,1 percent is obtained with 20 squecezes,
the amount of carbon monoxide in the air sampled is about 0405
percent; or, if a color corresponding to that for 140 percent is
obtained with 5 SqQueezes, approximately 2,0 percent of carbon
monoxide is indicated in the mine air, As stated, the operator
should be protected by a gas mask or breatiing apparatus while
working in an atmosphere suspected of containing carbon monoxide,

6, Remove the hoolamite tube from the instrument promptly, as it

. Should not be left in place longer than the time necessary to

make the test, If the color in the tube does not fade or if a

yellow discoloration appears the tube should be discarded, As

the iodine pentoxide mixture is highly acid, a discarded tube
should not be thrown where it can do any damage, If the tube
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to be used again, the tips should be ~overad w’ith rubber
to prevent Cetericration ol the eﬂm‘on*s thre vgh ertrancs
ture..
detector does rot indiczic = leficiency'of cxygeu in the
re or the precence of such other gases as carbon dioxide
Q.ogen sulphide,

the iodine pentoxide indicator is used more or less generally)
ot be forgotten that it docs not work continuvously to indicate
, of carbon monoxlde* thercfore, frequent determinations are
' @e indicate tae presence of carbon monoxide, Furthermore,
] poor e;a“1°“+ or ¢olor bliincness may be unzble to read the
make the 1o " color compaiiscisy persons so affected
be entoustel b this d-vice- \
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COAL MINgZ VENT ITATTON
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by CEEAAL

., 4l i . S

te and proper ventilation is the hest defenss against ccal
‘ 8 and explocions; it 1s algo essential for the health and safety
he men working ir the mine, Therefore; the first consideration in

g a coal mine w5l be the installation of a good ventilation

way to be sure that the ventilation system is adequate is to
roper amount of air at the working face for the number of men

n the face,

physical conditions of the mine will determine the method of

and controlling the flow of air thru any part of the mine, be

it or several splits of air. However, the observations of the

® air flow in the face regions are more important and contribute:
le improvement of face ventilation than a mathematical analysis
ation,

pplied to the working face should contain not less than 20

, oxygen, not more than 0,50 pereent of carbon dioxide, and no
amounts of any other dangerous or noxious gases,

any time more than 1,0 percent of methane gas is found in the
‘the men should be withdrawn until this percentage is lowered
 ventilation system,

B, AMOUNT OF AIR REQUIRED

working hard a man requires between 30 and 40 cubic feet

ir a minute, That amount, however, does not nearly meet a
 undersround as the gases given off in his working place

away, and the oxygen absorbed by the coal and by oxidation
must be replaced, It is a generally accepted fact that

have at least 6000 cubic feet of air passing through the last

every minute,

ume of air entering the mine should be measured at the foot of

T just inby the entrance of a slope .or drift, Good practice
that at least 50 percent of the air entering a mine shall reach
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C. MEASURING MINE AIR

1o GENERAL

Mine air is measured by a standard anemometer as described in part
E-2 of Section 1.

The best practice in measuring the mine air is to measure the main
intake at the foot of the shaft or just inby the mouth of the slope or
drift; and also, the amount of air passing through the last crosscut or
break-thru nearest the working face of each split of air, These measuree.
ments should be made every day by the mine foreman or some one he dee
signates and an accurate record kept showing the time, place, and results
of these measurementis, -

In addition to these measurements it is advisable to periodically
measure the air entering each and every working place, When this is
done, it should also be recorded,

24 WHERE TO MEASURE

The measurements of air should be taken in the same place each day;
thereby, providing a basis for comparing the daily readingss A place
should be chosen that has smooth walls in order to aveid turbulence of
the air, Also, the place chosen to make the readings should be of such
a nature as to provide easy access to the whole entry and easy to measure
the cross-sectional area at the exact place the measurement is taken,

3¢ HOM TO MEASURE

To get a good average measurement of the velocity of the air, care
should be used in making the reading with the anemometery The anemometer
should be kept away from the body; it should be held at right angles to
the direction of the air flow; and it should be moved slowly zigzag across,
up, and down the crossesection of the entry while the reading is being
mades This process should be repeated in the same place at least three
times and the final reading recorded should be the average of these
various readings, i

If the anemometer is held in the center of the entry for the
measuring period instead of moving it around as described above, the
reading is liable to be incorrect by as much as 50 percent,

lig HOW TO CALCULATE

The amount of air or the volume of air is calculated from the
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. weadings on the anemometer and the cross--sectional area at the place
. where the measurenent was mace. : . : 7
~  fThe results obtained from the anemometer.ls the veo}OC1ty of tng
air stream in feet per minute; the cross-sectional area is measured in
uare feet, Multiplying the velocity in feet per minute by the crosse
'ggbtional area in square feet gives you the cubic fe§t of ai? per minute
(efm), This is the term used to designate the quantity of air,

. VENTTLATING SESTEM

e

1. MINE OPENINGS

The prime objective of a ventilating system is to have an adequate
quantity of air delivered to the working faces, In order to have this
air delivered to the faces, a current of air must be circulated through
the mine; therefore, it is necessary to provide at least two separate
openings into the mihe, one for the air to enter and the other for the
air to leave the mine,

Openings into a mine for ventilation are usually easier to make at
a slope or drift mine than at a shaft mine, However, experience has
shown that without careful planning this advantage can be turned into a
distinct disadvantage., Openings at many mines have been made so close
together that fumes or smoke from an explosion or fire covered both
openings, Also, there is usually a tendency to make the coal pillars
between the intake and return so thin that air leaks through the crevices
of the coal and partially destroys the ventilating system,

Slopes and drift openings should be separated by at least 50 feet
of rock or coal and it is better to have a hundred footharrier.

Also, in order for the air to circulate through the mine it-is
necessary to have at least one distinet air passage leading from each of
these openings into the mine, These are necessary to conduct the air
current to and from the working faces,

Another mistake thot is commonly made due to improper planning is
the driving of rooms directly off the slope or drift in order to obtain
easy" coal, In later work this very often makes it difficult to drive
additional places needed for ventilation,

2o VENTILATION PLAN

The ventilation plan should be given as much careful thought as
development and production plans, There are generally three basic cone

Siderations to take into account when planning a ventilating system, they
are as follows:
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1, The length and condition of the airways, They should b ac
short as possible and as free from obstructions as pessible =30
that the air resistance will be minimized,

2, Leakage between tne air intske and air return must he as
iittle as possitle,

3, The amount of air should be distributed among the varions splits
according to the needs of each individual split. This is done
with regulators,

The ventilation of a mine, unless the mine is especially small, should
pe done with two or more splits of air instead of trying to ventilate with
one continuous current of air,

If there is only one continuous currert of air, gas and dust explosions
or fumes and gases from a fire may spread to the entire mine before thev can
be brought under control., However, if the mine is divided into sections
with a separate split of air on each section, the effect of fires and
explosions are not so likely to be widespread, Also, the amount of power
needed to ventilate a mine is reduced considerably when separate splits
of air are used,

The advantages of a split system over a continuous current system
is as follows:

1, A much larger volume of air can be circulated without increasing

the power,

2., The sections of a mine can be isolated,

2, The effects of fires and explosions are more likely to be localized,

4, Interruptions to air flow in one split will not seriously affect

other splits,

5, Efficiencv of the system will be improved,

6, The system is very flexible and can be controlled more easily.

3. VENTILATING PRESSURE

In order to circulate a current of air you must have pressure exerted,
This pressure is usually referred to as the "ventilating pressure" or
Uwater gage" and is the difference between the intake pressure and the
discharge pressure,

There are two methods of producing this pressure in use today; the
blowing system and the exhaust system, In the blowing system, the fan
creates a pressure above that of the atmosphere and the air is blown through
the airway by the pressure created, In the exhaust system, the fan reduces
the pressure below that of the atmosphere and the air flows toward the
end where the pressure is the least,

This difference in pressure is measured by an instrument known as a
water gage, The water gage consists of a glass tube with about a 3/8=inch
inside diameter and bent in the shape of the letter "U", mounted on a solid
base and half filled with water, One end of the "U" is left open and the
other end is bent at right angles so thot a piece of pipe or hose can be
connected to it and then put through a stopping or brattice; thus, exposing
one side of the "U'" to the intake airway and the other side of the "U" to
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raﬁﬁfn airway. The distanc?-bebyeen t?e'wa?er ?evel'of one Siie.gf

nyn and that of the other zide,; in inches, ls‘tng weler g%ggjreaclng.,G

then is the Jiifer=vo= an prns§ure'k3tween the intoke and the retum

vs at the roint vhere the rending ls teken. : i
This difference in pyacsre 15 the pressure 1h;t is requirad t?

i te the air Letveen - int on the inusice atrway ag@.the:>01nt cn
i reils, the pressure required to circ
h

- 1 3 o
‘e yeturn airway, or in cther words, cuiate the
2ir inby from the proint where the reading was taken, The reacer this rcad-
ing is taken to thc working face, the closer i will approonch zeroy there-
" ~

fore, at the next to the last cross cut or break.thru the reading should
toss sero- . el

; The circulation of a large guantity of air wilh a sma;+‘water gege
indicates the mos® efficient and econ;mlcal condivions for.an ve§t1¢§t§on
of the mine; convercely, ‘the cirgulat;@% of a gm?ll qggn?ivy'uf air with a
large water gage indic.tes a waste of power and ig definitely no®
economicale
i If in a mire operating on e faiviy lcw waler gage there i35 a notice~
able increase in the water gage, it Is a prelly good indication that,
shere is an obstruction in one of the airways,

},. MINE RRSTSTANCE

The mine résistance is the resistance to the flow of alr offered
by an asirway, There are two kinds of mine resistance, natural and

artificial.,

ay NATURAL RESISTANCE

Natural resistance is due to the rubbing of the air on the inner sure
face of the airway., The friction thus procduced is the basis for calculate-
ing the natural resistance,

It can be assuméd that when the veloecity of the air is doubled the
amount of the resistance will be four times as great, This is proven if
Yyou consider that each resisting particle in the airway is struck twice
as hard, twice as often,

b, ARTIFICIAL RESISTANCE

Artificial resistance is the resistance caused by the air stream
striking against obstructions such as timbers, roof falls, abrupt changes
in direction, etc,

This resistance is the chief cause of inefficiency in the ventilating
system; however, often the fan is blamed for the inefficiency caused by
this artificial resistance,

The chief causes of artificial resistance arranged in order of ime
Portance is as followss
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1, Roof falls and debris, :

2; Door frames and remnants.of temporary stoppings.
3, Abrupt changes in direction,

4, Constrictions,

5, Deposits of dirt on the fan blades,

Recognizing these causes is not difficult, and their removal or at
least a reduction of their effects usually pays off in the reduction of
resistance and consequently the reduction of power, :

Abrupt changes in direction of the airway causes turbulence and cone
traction of the alr stream and should be avoided wherever possible, A
turn consisting of a series of obtuse-angle deflections is preferable to
a right-angle turn in the main airway,

Constrictions caused by variations in the cross-sectional area of an
airway also causes turbulence and increases the resistance,

5. CONTROL OF THE ATR

Natural distribution of air currents is usually unsatisfactory because
the quantity of air is not sufficient in all parts of the mine; therefore,
the direction and quantity of flow must be controlled, The control of
the air currents is carried out by the use of stoppinss, doors, overcasts,
line brattices, seals, regulators, and check curtains,

a, STOPPINGS

A stopping is a wall or barrier placed in an opening to prevent the
flow of air through that opening; thereby, conducting the air along the
proper airway, Permanent stoppincs are those that fit into the overall
ventilating system and usually will remain for the life of the mine,
Temporary stoppings are those that are needed for a short period of time,
such as the time required to mine the coal from one room panel,

Stoppings should be built as air tight as possible so that the air
will not leak around or through them, They should be built out of suffice-
iently strong material to resist the pressures from the ribs and roof;
also, the material used should be fire-resistant and incombustible,

b, DOORS

The use of too many doors to direct the flow of air not only affects
the efficiency of the ventilating system, but interfers with the hauling
Or hoisting of coal, Also, the use of doors could introduce a very definite
fire hazard, unless the doors were made out of fire proof material,

In the event of an explosion or a fire, too many doors could result

:;ethe explosion or fire spreading over the entire mine if a door is left
n‘ .
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¢, OVERCASTS

Overcasts are employed to carry one current of air over arother,
1y return air over intake air, and should be constructed cf sub.
stantial, incombustible material, '

The use of undercasts accomplish the same purpose hy carrying one
current of air under another and should be consiructed ovt of the same
material as an overcast. £ :

Both an overcast and an undercast should hove a crossw-sectional area
qual to or greater than the cross-sectional area of th= entry apgroaqbing
and leaving the overcast or undercast. The approaches to the overcast or
undercast should be graded so as not to cause an abrupt changz in the
direction of air flow,

d. LINE BRATTICE

A line brattice is used to direct the flow of air from the last
cross cut to the working face, It is usually constructed out of brattice
cloth and is hung along one side of the entry; thus, permitting intake
air to go to the face on one side of the line brattice and return air to
leave the face on the opposite side,

s SEALS

The most practical method of preventing intake air from mixing with
bad air from abandoned areas is to seal off such areas, The seals should
be constructed very strong and completely air tight., The materials used *
in the construction should be incombustible and fire proof,

Seals are also used to isolate areas of the mine where:there has
been a fire or explosiona

A pipe should be placed in the seals so that the air can be sampled
periodic2lly and any pent-up gases found can be bled off, :

£, REGULATORS

Regulators are necessary to control the amount of air so that each
8plit will have sufficient air for its needs, ’

Regulators are usually a sliding door; however, they can also be a
series of slats spaced uniformly in the opening so as to vary the flow of
alr passing through the opening, '

The opening for a regulator is usually placed in approximately the
Center of a stopping and has an area of aoproximately 10 square feet,
depending of course on the amount of air that must flow thru the regulator,

Where the intake znd return airways of a split are parallel, it is
best to place the regulator in the return airway as near to the main
return as possible because here thesdifference of pressure is the least,
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gs CHECK CURTAINS

Check curtains consist of one or more layers ofﬁbratt%ce cloth and
are often used in place of a2 temporary door.or stopping, The.use of cueck
curtains should be avoided as much as possible because they will not-
ﬁﬁthStand rough usage; however, for tempovary uvce they ars aconomical
and easy to install.

6, SPLITTING THE A'R

Splitting the air means dividing the main air current in*ts two or
more separate ventilating currents, each separate current ventilating a
different district of the mine, By doing this each different district of
the mine can be supplied with the correct amount of air that is needed on
that particular districte :

By splitting the air a larger total quamtity of air can be circulated
at a lower velocity and with less power expended at the fan., Saoke and
gases given off by one district of the mine are not carried to another
district but go directly to the main return and thence o the outside,

A local or dust explosion or fire in one district of the mine is not as
liable to spread through out the entire mine as it would if the whole
mine were on one continuous circuit of air,

2s REQUIREMENTS FCR SPLITTING

A1l that is required to split an air current is to have two or more
separate routes for the air to follow. Each path of the air is then called
a "split¥, When two or more separate routes are available for the air to
travel, the air will automatically travel thru them all; however, regulators
must be used if the amount of air through each place is to be controlled,

by NATURAL SPLITTING

When all airways or routes are open for the free passage of air you
will have natural splitting with each airway or split taking a portion of
the total volume of air, The portion for each route being determined by
the amount of mine resistance in that route,

CONTROLLED SPLITTING

Ce

_ When any divigion of air is wanted other than that produced by
natural splitting, it is necessary to put regulators in one or more of the
8Plits, By doing this the flow of air is obstructed in those splits that
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naturally take more than the desired amount of air, Wher thegs i
‘ = T

so obstructed it increases the volume of air passing in Lh
splits until the desired amount of air is obtained in all eplits,
The split which does not have z regulator is called th= “"free

S, I
I‘Sp_'-_L
otue

d, PRIMARY AND SECCNDARY SPLTAI NG

-

When two or more splits are taken off of the main air curiont, they
are called primarv splits, If a primary oplit is divided ints +wo or
more splits, these are called secondary splits, :

If the splits have the same voluvme of air flowing thm them, theyv
are called equal splits; bub;, when ihe cwovnt or volume of air Flowing
through the splits is different, they are called wunequal splits,

T, MINT AN

s e

The fan is the most important factor in a ventilating system, It
is what moves or circulates the air, and without it tne satisfactory venti-
lation of a mine is impossible, Everything possible shculd be done to
assure continuous and efficient operation of the fan, ;

The fan is what creates the difference in pressure between the intake
and return openings as explained in part D-3 of this section,

Fans in use today may be divided into two general groups: The centri-
fugal and the axial-flow, At first the majority of the fans were in the
first group, but their popularity is disappearing in favor of the second
group because the axial~flow fans have certain features that improve the
economy and efficiency of the ventilating system,

2, CENTRIFUGAL PANS

Forwardcurved multiblade types of centrifugal fans are the type that
are most widely used because thev were the most economical type available
when most centrifugal fans were installed,

In the centrifugal fan the blades are all set at right angles to
the plane of revolution, The blades can be either radial blades, somee
times called paddle blades, or they may be inclined either forward in the
direction of revolution, or backward,

Centrifugal fans can be either exhaust or blowing,

b, AXIAL.FLOW FANS

In the axialeflow fan the path of the air flow is parallel to the

axis of the fan rotor, The disk fan and the propeller fan are both axiale
flow fans, :
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e o er btype axial-tlow fan is the lastest resulil ol ressarch
?h;igzogﬁﬁlfan %lade design, Thiz lypae of fan has ta: Hdlowing
1, High efficiency.
2, Ease of reversiag. o
34 Low initial cost of complete 1n§uailgﬂlcn, i
. Adjustable blades %o megt changing miaz conditions.
g, Suitability for direct drive,

os LOGATION OF FAN

kS

‘The location of the fan does noh infiuence the overall. mechani-al
efficiency of the fan becsuse this =fliciency is baszd on the fel%tionship
between the size of the fan and the minc resisicnce; however, the location
of the fan is important with respect o the mine openinge.

A mine fan should be installed on the surface and offsest 15 or mors
feet from the mine opening, The offset distance is the distance between
the nearest side of the mine opening and a vital part of the fan nearest
to the mine opening, A vital part of the fan means a part without which
the fan could not operate,

The reason for this offset is that if the fan was placed in a direct
1ine with the mine opening it may be damaged in the event of a mine
explosion,

It is also important to locate the fan so that the return air from
the mine cannot be drawn into the intake epenings; therefore, the intake
opening should be a minimum of 50 feet from the fan location.

dy EXPLOSION DOORS

Offsetting the fan from the mine openings does not assure the safety
of the fan in the event of a widespread explosion, However, the degree of
protection can be increased by installing explosion doors in the connecting
duct in line with the mine opening, Where the fan is offset and the cone
necting duct is equipped with explosion doors, the fan is usually fairly
well protected from serious damage,

A weak wall placed in the connecting duct in line with the mine
opening will substitute for explosion doorse The wall should be cons-
structed out of brick or rock put together with 1little or no mortar,

eo OPZRATION

Mechanical ventilation of a coal mine, if properly controlled, will
Provide a healthful atmosphere through out the mine when the fan is in
operation, Fans should be operated continuously,

Intermittent operation of a fan is often responsible for accwmlations
of explosive atmospheres or the over heating of a portion of the mine;
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'iﬁusy an explosion or fire may result from such nperatiow3m

v The mine workers should be withdrawn from the nine wnen tne fan stops
for more than a few minatas; and, should not return vabil ventilatior has
been completelv restorsd and the rine exsmined and reported safe by the

fire boss,.

£, BOOSTER AND AUXILIARY FANS

Booster and auxiliary fan

g, firpe vsed extensively and appropriately
metal mines, have beern irstallsc 319

€l greund in some coal mines, espscially
ation i3 needod and can not be obtained

e
G La2l

4n those where additional vents
from the main fans,

= =l

YAOLETIRG BANS
BOOSTER PANS

Booster fans are those that raise the pressure, either positive or neg-
ative, of the air current or a split of the current at and Irom a polnt
where the pressure imparted by the main fans is insufficient 7o feorce the
air current into distant parts of the mine or through some restricted air.
ways., It should alwavs be placed on the intake air and the entry should
be fireproofed 50 feet from the fan in each direction,

‘ Only under vervy exceptional conditions, however, is a booster fan a
proper means of ventilation, and the use of such a fan should be avoided
whenever possible,

AUXILIARY FANS

Auxiliary fans are small portable fans; virtually all are blowers and
are electrically driven, They are used with canvas tubes or metal pipes
to ventilate headings or narrow workings that are without ecross-cuts or
break-thrus or have them more than the normal distance apart,

Fans and tubes have been substituted for line brattices in headings
and rooms in some mines,

Here again these should onlv be used when absolutely necessary and
should not be part of the standard ventilation system because of the dangers
of recirculating the air locally and of ignitions from electric arcs at
the fan motor,

B, VENTILATION SUGGESTIONS FOR THE MINE MANAGER

1y Be sure that the ventilating fan is running at its regular speed all
the time, The fan should run 24 hours a day, whether men are in the
mine or not, There is alwavs a chance that gas may accumulate or places
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get hotter than normal if the fan is idle while the men are out of

* the mine,

2,

Se

In the purchase of supplies for the ventilating system be as liberal
as possible, If the foreman requests canvas for curtains, wood for
doors, or material for stoppings, get it for him,

It is a good plan to have a map of the mine, showing the course of the
ventilating current, hung on a board near the mine entrance where the

" miners can see it and learn the courses of the currents so that if a
* fire or explosion occurs they will know the safest direction to take,

4,

The fan should not be placed over the shaft or in front of a drift or
slope opening to the mine, but should be placed at one side, out of
line, so that it will not be destroyed or disabled if an explosion

" takes place,

5¢

Never reverse the fan while men are in the mine without full knowledge
of the conditions and for the benefit of the men, Generally it is a

serious mistake to reverse the air current, If there is a fire in the
mine and the current is reversed, it is apt to drive inflammable gases

" over the fire and cause an explosion,

6o

In addition to the dailv inspection by fire bosses, you should inspect

" all airways and escape ways at least once each week,

Te

Airways should have as large a cross-section as is practicable, and
dirt or slate should not be permitted to accumulate in them, Falls
should be removed as soon as discovered, Remember that falls or

obstructions in the air courses reduce the quantity of air passing

" in a given time,

8.

A sgingle door left open may disarrange the entire ventilating current

" in a mine; therefore, the doors should be carefully watched,

9

All stoppings and overcasts should be made of noninflammable material
and the sides should be cut into the solid coal at least 6 inches; the
entire stopping or overcast should be made as nearlyv airw-tight as

* possible,

10,

In driving entries and rooms, all crossecuts and breakethrus should be
closed by good stoppings as soon as a new cross-cut or breakethru is

" opened,

1.

4 supply of curtain material, as well as materials for building stop-
pings, should always be kept in the mine so that it will be at hand in

" time of disaster,

You should have a copy of the mine mep with you at all times, On

this map the course of each ventilating current should be traced with
red pencil or shown in some distinct way, Such a map will be a great
help in repairing the damage after any accident that disarranges the
ventilation,

feasure the quantity of air coming into the mine once each day and
record the figure in the mine report book, Also measure the current in
the last working place of each split to make sure that enough air
reaches the men, The important thing is to see that the ventilation
reaches the working places, and is not lost by leakage before getting

" there,

Have a separate split of air for every 80 men or when otherwise needed,
If you find that the ventilation is defective in anv part of the mine
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or”iﬁ the cntire mine, do not hcsitate to withdraw the wen Trom that

part of the mine or from all the mine,

16, Never allow miners to turn rooms beyond the last open cress cut,

4 If there is a fire in the mine see that the alr current is sc condusied

that inflammable gas in the mine is not passed oveir the rire, Ir the

mine ventilation can not be so arranged that the gas wili not pasc over
the fire, then it should be stopped until the fire is put cut or sealed

" 18, ;ﬁf;rder that each district of the mine mey have fregh air, you ;
should split the air current. By this systen each district has its
own air and the men working in it are not compelled to breathe air
that has been breathed by men in another district. Howsver, you
should not split the air current too much as the split will have
too low a velocity, An air current must have a velocity of at least
100 feet per minute in order to move any accumulated gas properly.

19, When pillars are being drawn the roof is apt to break suddenly and
an outburst of gas may follow, Gas is difficult to remove in pillar
workings, but conditions can be improved by line brattices,

20, Take your safety lamp and anemometer with you at all times, Check
frequently the amount of air at various places and for gas,

21, Do not test for gas with the high flame of the safety lamp, but turn

. the wick down until only a small flame shows,
224 Never permit men to go into places filled with standing gas or where
~ there is reason to believe that gas is present in dangerous quantities,

' 23, Clear a place of gas by means of the ventilating current only.

2L, If there is a large volume of standing gas in any part of a mine or if

. the mine 1s extremely dusty it is best to remove every person from the

whole mine,

k 25s Do not allow the men to go back too soon after shots have been fired,

. Have them wait until the smoke has cleared away, so thot they will be

1 . able to see the roof and can avoid possible danger from roof falls,

. 26, When you find a curtain hung up or torn badly, so that it does not

direct the alr as it should, have it attended to at onces

‘ 27s If the lower edge of a curtain has been raised so that air passes

~ under it, drop it in place,

28, When working 2 place where there is a line brattice, see that the
brattice is hung close to the roof, extends to the floor, has no holes
in it, and is always kept up,

29s See to it that all men under you practice safe mining at all times and
that they are all aware of the dangers of improper ventilations
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SEC

The subjec: ¢ Wiuf Zu835 jcwa most iMiportant ene for e;eﬁy n8r3on
o ct minines. 2ld Ene managsr, foreman anc Tire boss
mgag ¢ n o S 4
Pe thorouginly ramilia i Lons gases thet are mst with in lesal
Bining coeratione, but ovary maa in the mire shonld possess st least a
smail knowiecdcs Cf “le scbiect. § 3

though pas has never heen found
in a mine, ther= 130w thet gas will cosup.

The study of mine gases will be made easier if the aip we Lraath is
first considered. It is a fact that air, on the ouiside, is cne of the
things that varies very little -in composition whersver we mayv €05 Pro-s
vided that it is not mixed with smoke, fumes from furnaces, or the DI0w
ducts of breathing of persons in a closed room; it does not matter
whether we =zvr> in Washington, L, Cup o 8, 4, , p Kabul | Afghanistan,
the composition of the air is the same, :

B, i air at sea level containsz the following gases: o.,gen'(Oa),,
Q0,94 percent; nitrogen (No), 78 09 percent; carbon dioxide (CO:K 003

reenc: argon (), 0,34 percant by volume . ~Traces of helium (Hej: neon
Ne), kryoton (Krj, venen (Le), hydrogen (H ). hydrogen peroxids (Hy0,),
ammonia (Niz}, and orone U2 are also present, For all practical purm
Poses air cousists nailnly of oxygen and nitrogen with a small amount of
carbon dioxide and water Vapor, : :
1t is interesting to note that air that is exhaled from the human
body contains about 16,3 percent of oxygen, 79,32 percent of nitrogen,
and 4,38 percent of carbon dioxide,
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C. MINE ATR

e B

The pure outside air that enters a coal mine contains oxygen, nitrogen,
and carbon dioxide in the proportions stated above, but the mine air that
leaves the mine is somewhat different from the air that enters,

Normal air when circulated through a mine loses some of its oxygen

by the breathing of the men and a certain amount is absorbed by the coal
and timbers; also, some oxygen is taken from the air bv the oxidation of
fine particles of sulphur (iron pyrite), such as occur in‘many coal seanms,
The absorbed oxygen is largely replaced by carbon dioxide, which is given
off by the breathing of the men, by the coal, and by decaying timbers,
To this may be added large or small quantities of methane (CH4), depend-
ing on the volume of the air current and on the amount of methane that is
being liberated, Most coal mines give off methane in greater or smaller
amounts or are likely at any time to give off methane,

As the air travels through mines small amounts of carbon monoxide
(CO) also may be added, even during normal operations, due to the gases
from the explosives used when blasting coal or rock; however, during such
abnormal conditions as a mine fire or an explosion, dangerous amounts of
carbon monoxide may be present,

In addition to the gases already mentioned as being present during
normal or abnormal conditions in mines, others may be found occassionally
in mine air, These include oxides of nitrogen (NO, NOs, ete,) after
blasting with certain high explosives or after-burning rather than de-
tonation; hydrogen (H) during coal-mine fires and after explosions; and
hydrogen sulphide (Hgg) in stagnant water in coal mines or by emission
from the strata,

The air of all mines carries some moisture or water that can not be
seen because it is in the form of vapor, and the proportion of moisture in
the air varies with temperature and pressure, Cold air can not carry as
much moisture as warm air; for this reason mines are naturally drier in
winter than in summer, In winter the outside air, which is colder than the
mins, holds little water, 'hen this cold air enters the mine it is heated
by the mine walls; consecuently, as it gets warmer it can hold more water,
which it takes from the floor, roof, and ribs, thus drying the mine, Under
such conditions, the coal dust is very dry and if it is raised in the air
in the presence of a flame, a dust explosion may occur,

In the normal everyday working of a mine the most important changes
that air undergoes after it enters a mine are those that have been mentioned,
If a mine is not well ventilated, the air in the rooms and entries will
eontain less oxygen and more carben dioxide than it should; explosive
mixtures of methane and air may gather; and, powder smoke, warm or stage
nant air may stay in the working places,
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D. MINE CASFS

are four dangerous gases found in coal mines which are generally
In addition to these four. therc are numsrous others found imore
but their chief cheracteristics greatly resemble some onz of the

se four gases are generally whal are spoken of if a question is
ative to the dangerous gases met with in coal mines, Thay are

» ,‘carbon dioxide, carbon monoxide. and nydrogen sulohideg

 Qther gases met wita in small quantiiles in minss are acelylene or

. gas, and hydroge:i.

ere are other goses wiish ccour only very rarely suszh as sthane
,‘propane (CqHg) .- bubana fC“H.ﬂ), and cther hsavisr members of the

s or paraffific series ormpouents cf natural gas, These

22 which ax
are sometimes found in small guantiities in connection with methane
ses from mine fires and explosions, They tend to increase the ex-
ty but are usually not preseat in amcunts Jarge enough to be
or even to be easily detected. However, wher more than ). pers
s found in a mine, it is suggested that the ewrrounding area be

d for leakage from a gas or oil weil, Air thst contains from
12,5 percent of ethane is explosive.

1, PHYSICAL PROPFRTIES OF GASIS

e —

as SPECIFIC GRAVITY

48 ﬂ%ﬁmific gravity is one of the most important of the physical proe
of gases; or solids. It is defined as the relative weight of a
€ as compared to some standard. For liquids and solids, water is
en to be the standard, For gases, air is taken for the standard,

SOLIDS

a certain piece of coal is said to have a specific gravity of 1,5,
s that for a given volume, such as a cubic footy the coal will

1.5 times as much as the same volume of water, :

Ance a cubic foot of water weighs approximately 62,5 pounds, a.

foot of solid coal with a specific gravity of 1.5 will weigh 145 x
or 93,75 pounds. Consequently, a ton (2000 pounds) of solid coal

2 8pecific gravity of 1,5 will occupy 2000 divided by 93.75 or
cubic feet,
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GASES

ases are very light compared to water it would not, be satisfgctory
ir specific greovity as compared to watey; therefore, the.speulfic
?iﬂ gases 1s always given with air as the standard of corpariscil,
f it is said that carbon dioxide has a specific gravity of 1.53 it
¢ that a given volums of it is 1,53 times as heavy as the same
,'_g air at the same temperature and pressure,

considering the specific gravity of gases it is very important to
er that the figures given for specific gravity are true only when the
d the gas are at the same temperature and when their pressure is the
. It is common knowledge thab gases expand when heated and conbract
edp so it is very possible that a gas which is heavier than air
‘same conditions of temperaturc may be lighbter than air if heated

e~i;-is safe to say that the weight of a cubic foot of water is

tely 62,5 pounds because the weight of water does not vary much
temperatures, yet it is impossible to give an average figure for

t of a cubic foot of air because its weight changes rapidly with
in temperature and pressure of the atmosphere, As an exanple;

, the approximate weight of a cubic foot of pure, dry, air at 62

and a barometer reading of 30 inches is 0,076 pounds, or about an

d a quarter,

 following table gives the specific gravity of the important mine

CHEMICAL, FORMULA SPECIFIC GRAVITY
s rmmcm w0 .- -ne e awl,105
T X
| dioxide =~ - - ~00p =« = = = = = = - 1,529
monoxide = = = = €0 = = = = = = = ~ = 0,967
R, - N 5
lene =~ = =« = = = - Cé%z - = ===~ - 0,906
drog === ~c=e=l «-aeaaeas.--0,070
ydrogen sulphide = = - HoS = = e m e = 2 = 21,101

by DIFFUSION

~ Diffusion of gases may be defined as the gradual mixing of two or

€ gases which are in contact, This mixing is not dependent on the

#edlic gravity of the gases, for if we fill a jar with a heavy gas like

‘and another jar with a light gas like N and then bring the mouths of

- Jars together, the jar containing the N being on top, we shall find

in a comparatively short time the two gases have become thoroughly

and the composition of the gas in each jar will be exactly the same;

is, 50 percent CO, and 50 percent N, After gases have become mixed
i1sion they will“not again separate, This property of diffusion is

4t makes possible the efficicnt removal of gases from mines, If, for
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Wmethane s which is only about half as heavy as air, would always

stay at the roof and not become mixed with ard swept away oy the air current
we would have a dangerous condition continually present.

] The rates at which gases diffuse has no practical value to the coal
miner; it 1is sufficient to know that gases will mix when in contact, and
also that the speed of mixing can be very greatly increased by mechanical
neans, such as an air current that has a good welocity,

¢, OCCLUSION

Occlusion means the absorption of gases by solids, Some substances have
ghe power to absorb many times their own volume of gases, It is stated
that very porous wood charcoal, for example, will absorb possibly more
than a hundred times its own volume of various gases,

The significance of occlusion as a subject of interest to the coal
miner is that coal occludes gas, mainly methane, which was developed long
ago from coaly matter and is held within the coal itself, Tests show
that the total volume of gas occluded in the coal may be equal up to two
times the volume of the coal itself,

E., MINE GASES DEFINED

Mine gases have a definite chemical formula but many of them are
referred to as "damps" by a majority of the coal miners,

Lg OXYGEN
Chemical symbol =» = = = = = 0
Specific gravity = - = = = 1,105
Is it combustible ~ = = = = No

Will it support combustion Yes
Will it support life - - - Yes
Is it poisonous = = = = ~ = No
COLOT = = = = » = = =.= =« = None
Qler o = = & w @ & & = = = None
Pate w & = = & « & o &« » None

As has been previously mentioned, oxygen is the most important gas
there is, for it is absolutely necessary to support life and to support
combustion,

Most miners know thot some mine fires have to be sealed off in order
?o extinguish them; the reason that they are extinguished by this means
is due to the fact that the seals prevent fresh air reaching the fire and
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sl in the sealed off area absorbs the oxvgen from the encicsced air
the lack of oxygen prevents the fire from burning, '
g It has been shown that mine air may contain anywhere from 20,94
ercent of oxygen down to almost none at all, The effect of a reduction-

~ the amount of oxygen as given by Haldane, the eminent English chemist,
hews that a decrease from 20,94 to 15 percent oxygen by volume has
,iﬁctically'no effect on man; however, a candle or wick fed flame is
g%tinguished, As the decrease of oxygen proceeds further, certain effects
ﬁe to be noticed; such as, the breathing becomes deeper and more frew
J:”ni, the pulse more frequent, and the face somewhat dusky, As the

srcentage of oxygen gets lower the symptoms are more pronounced, and a
pérson’s 1ife becomes in great danger,

~ While the reduction of a few percent in the amount of oxygen pre-
aént in the air has little effect on man, yet the effect on a flame of a
jamp is very noticeable, UWhen the percentage has fallen to 19 it has
peen found that the light given by a safety lamp is only about oné-third
of the amount usually emitted when the lamp is burning in pure air,

It should be mentioned that the effects here discussed are based

on the supposition that there are no other poisonous or semipoisonous
gases present, but that the decrease in the amount of oxygen is the only
change from normal air,

Chemical symbol = = = = = = N
Specific gravity = = = = = 0,967

Is it combustible « w o = w No
Will it support combustion No
Will it support life - = = No
Is it poisonous = @« = = = - No

OdOI' W b e W M em e wB ee e e None

As mentioned before, nitrogen forms about 80 percent of the atmosphere,
We know from actual experience that nitrogen has no color, taste, or odor,
and that it is therefore impossible to detect it by our senses, In fact,
it serves simply to dilute the oxygen of the air so that combustion will
not take place so rapidly and so that we are not injured by breathing
pure oxygen continuously,

There is no simple test for nitrogen, If a safety lamp burns dimly
Or goes out it is certain that the air does not contain the normal amount
of oxygen, When this happens it is possible that the air does contain
a higher percentage of nitrogen than the normal 80 percent; however,
other pgases present in the air can also give this same impression,

From a practical point of view, since nitrogen forms such a large
part of the atmosphére, we can assume that the mine air contains at least
79 percent nitrogen,
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3+ METHANE

Chemical symbol = m~ w « = = CH&
Specific gravity = = = « - 0.555
Is it combustible = « o = - Yes
Will it support combustion No
Will it support life = = = No

v Is it poisonous = w s o = No
' Color m— = = = - = = =« = « = None
0dOY = = = = @ = = =« =« = « None
Taste = « = « = & = = = = ~ None.

Methane or marsh gas, commonly called fire damp or just simply gas,
is also known as light carburetted hydrogen and is found in all coal mines,
It may be safely asserted that chemical analysis will prove its presence
even in a mine where traces of methane have never been found by the workers,
Its chemical formula is CH) denoting that it is a chemical compound made up
of one atom of carbon combined with four atoms of hydrogen., When vegetable
matter decomposes under water, as at the bottom of a stagnant pond or
march, methane is formed, This is the reason that it is some times called
marsh gase It is found in large quantities in coal seams, because coal
represents the remains of plants that grew many years ago,

This gas escapes from coal by coming through the very small spaces
or pores between the coal grains and through very small fissures or cracks.
Very often, in mining gaseous coal, the gas issues from the fresh working
face through meny small fissures with a hissing sound, Such large flows
of gas are called "blowers" or "feeders',

Methane is the only inflammable gas coming from coal, Since it is
only about half as heavy as air, it has a tendency to be found in rise
- workings and in holes or cavities in the roof, If the gas is given off in
- the upper part of the coal seam it will usually take a longer time to mix
with the air than if given off from the bottom, When given off near the
floor it tends to rise quickly, since it is so much lighter than air, and
therefore diffusion takes place easilys

Always remember that a good air current greatly assists in the dife
fusion of methane and 2ll other gases, and that if there is a brisk air
‘eurrent the tendency of gases to stratify on account of their specific
gravities is of no importance,
. Methane is a combustible gas, that is, it will burn, If mixed with
ar in proper proportions the burning will be so rapid that the flame will
Spread to all parts of the mixture very quickly, Very rapid combustion is
‘Called an explosion, It has been found by experiment that when mixtures
ﬁ?‘air and methane containing from 5 to 15 percent of CHy and 12,1 per~

or more of oxygen are ignited, an explosion will result., These per-

ages of CH; are known as the lower and upper explosive limits., Near
lower 1imit the explosion is not as violent; however, when about 9
ent of methane is present in the mixture the explosion will be the
Violent, The reason for this is because that mixture has Jjust enough
en to burn all of the methane almost instantaneously, Methane can not
J© dgnited unless heated to about 1000 degrees Fahrenheit, If it is cooled
S20W this point the flame will be extinguishede
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It should be noted that while a mixture of air and methane is not
explosive uitil 5 percent of CH} is present, yet expsriments have shown ;
~onclusively that the presence of less thar *this amcunt of mgthane greatly
;%Eneases the chances of a dust explosioun. In other werds, 1 or 2 percegt
of methane, with fine coal dust suspended in the air; may mean an explcsive
"zu$§;13 methane is combustible; yet it will not support combustion,
because it contains no oxygen. If a safety lamp is suddenly raised into
‘we in the roof which is filled with methane, the light will be exting-
g@ébéd on account of lack of oxygen, However, although methane will not
iﬁppbrt life, it has no poisonous effects, Experiments have been made in
which men breathed a mixture containing a high percentage of methane,
with sufficient oxygen, without any harmful effects,

~ Methane can not be detected by the physical senses,; for it has neither
gaste,lcolor, nor odor, The miner who foolishly trusts to his sense of
smell to warn him of the presence of "gas" or methane not only endangers
his own safety but that of all the men in the mine, The easiest and best
iay to detect the presence of methane is by observing the effect produced
on the flame of a flame safety lamp, Methane burns with a pale blue flame,
and if the wick of the safety lamp is turned down until all the yellow
color has disappeared there will be noticed a "gas cap' above the lamp
flame if sufficient CH) is present in the air, The height of tais cap
is a measure of the amount of methane present, The presence of gas is
also indicated by the lengthening of the normal walking flame of the
safety la.mp.

a, FIRE DAMP

Any inflammable or explosive mixture of mine gases and air is usually
referred to by miners as fire damp, This is the same thing that is re-
ferred to as gas,

lio CARBON DIOXIDE

Chemical symbol e = = = = = CO
Specific gravity = =« = = « 1.525
Is it combustible = « « = = No

Will it support combustion No
Will it support life « « = No
Is it poisonous = =~ = « - = Ne
LOLoY m & &G ' e None
00T = & & o s oo e o None
Taste—-—-—--.--.-.-.... Arl

acid taste when moist and
present in considerable
quantity,
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| The carbon dioxide found in the return air of a coal mine comcs frou
| __veral sourcess It is one of the gases given off by the ccal. i%t is formed
'r'ffhe breathing of the men, it is always present in large propc;i;ouﬂ At
o fumes of explosives, it comes from the decaying of timbers, it iz formed
the action of oxygen on the carbon of the coal, and it is always @ pro-
"ot of combustion, therefore, present after a mine fire or explosion.
While carbon dioxide is said to have an acid taste when moist, yvet
mst be present in considerable amount for this taste to be neticsabla,
. air we breathe out from our lungs contains about L percent Clp, and yet
never are conscious of an acid taste from this, It is seldcm that an
ch as U4 percent will be met with in a coal mine, so that the sen:e of
aste can not be relied upon as a detector, ‘

Carbon dioxide may be said to be the regulator of our breathing. An
nerease in the amount of carbon dioxide breathed results in an increcassz
L¢ breathing. When about 3 percent is present breathing will oecoms
oticeable deeper and more frequent, At about 5 or 6 percent theres ic
. rked panting and a more rapid pulse, At 10 percent there is violent
banting, throbbing, and flushing of the face, Headache is also produced;
‘hoticed especially on the return to fresh aire With from 12 to 15 perceat
ke patient soon becomes unconsciouss
4 It is often stated the carbon dioxide is the gas that dims and puts
but lights, This is not true; for, providing sufficient oxygen is present,
Rhe carbon dioxide has practically no effect in extinguishing the flame,
| 1amp, therefore, is not an indicator for carbon dioxides

Since carbon dioxide is more than one and one-half times as heavy as
pir, it has a tendency to collect at the floor and in dip workings.
Being a heavy gas, it diffuses much more slowly with the air than a
Qighter gas and requires a ventilating current with 2 good velocity to

assist the diffusion and sweep it away,.

a, BLACK DA/P

e ——— O

Black damp has been generally taken to mean carbon dioxide by most

iners, but as Haldane, an English chemist, first pointed out, it is
Feally a mixture of nitrogen and carbon dioxide, It is called black

amp because it extinguishes a lamp, The extinctive effect of black damp

8 not due to the carbon dioxide which it contains, but rather to the fact
Phat so much oxygen has been taken from the air that there is insufficient

emaining to cause the lamp to burn,

The amount of black damp present in mine air is variable, Some will
lways be present, The atmosphere in a mine which has been sealed up for
few months may consist almost entirely of black damp, because practically
1 the oxygen has been absorbed by the coal, Average black damp is
ISually considered to be from 10 to 15 percent carbon dioxide and from
> to 90 pekcent nitrogen.

It is difficult to give definite figures for the effects of black
A, for other gases such as CHj, may be present and vary the figures, In
general, it may be said that if no methane is present 10 percent ef black
4D will dim a lamp considerably,
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he specific gravity of black danp s net censtant, but wiii
§ng to the relative provortions of N and Clp. 14 ig pessible
have a specific gravityr si tly Jess than L. sc thet black camy
sometimes be found near the raof,
BEE presence of a conedduraule guentiis of black damp does nat
sarily meon tint vhe nmixturc will nob explads. 14 has beon Jownd
eriment tnal almospheres containing enly A3 percent of
;ﬁplosive when enzugh rebthsne is alse Nreseni,

FLen 0y

32 : ck do
Bbly contains a hicher rparcentage of carbos Brzmid
B black damp. ‘The neme origninctcd in Englond
by SAd30N MOICYILE
Chermical cymbcl «» «» = = v ~ b

8]
Spevific e£ravilty o w = = 0,957
Is it combustiblie — w e = o= » Yesg

Will it support combustion No
Will it support 1ife = = - No

Is it poisonous = = « » ~ = Yes

1 COLOT = o v+ »+ «» = =~ = = « = None
Tagste = = @ = = = w = = = = None

Carbon monoxide, known to most coal miners as white damp, is also
times called carbonic oxide gas, Its chemical formula is CQ, which
ficates that it is composed of one atom of carbon united with one atom
oxXygen,

Carbon monoxide is always formed as the product of incomplete come

lon, It is produccd by minc fires and explosions, and also, by the

sion of black blasting pewder; permissibles, and dynamite, In all

these cases the reason for the production of CO is that there was not
ufficient oxygen present to complately burn the carbon,.

~ Carbon monoxide is cowbustible bzcause, since it is the product

f incomplcte combustic:,, 1t con stilil take up more oxygen and burn to
arbon dioxide.
gBince carbon moncids 1o

o thot vl burn, it will also explode

certain condiiions. I 2as hecn Zovnd thet mixtures of air and CO

€ from 15 ©o 73 vereont carbon menocimide are explosives Explosions

Such mixturcs are wncortreon in mines. occause CO is not often found in

W Considerable quantity. However, a mixture of CO and air containing

*88 than 15 percont of CO ray becoie exrpiosive by tne addition of Methane,
7 Practically the ecniy poiscious gas with which 2 coal miner is cone

fed is carbon monoxide, Even minute percentages will produce harmful

*48Cts if breathed for a few hours, Dr, Haldane states that a man at

la,

2

de:
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¢ and breathing air containing oniv ‘ql peicent 00 would he ansbl
in about two and nus-fourth hoax idlz if he was waliking ,v,+eah
gestlng his legs woculc give waw 1n aboat ain hous

When breathed in larger cuar a persen may | k)
ntaneously, The CO acts withou % o
men have simplv fallen in their *raoks Qi1 W e
$aining considerable CO from an explogion or f? In sir containing :
1t 045 percent CO unconscicusness would oc © a Tew treaths '
| been taken,
Men overcome by carbon monoxide ﬂavvrﬂlly have move color than asu~l
Gﬁ gocount of the blood being made a bhrighter red by the gas, ﬂrtificial
aplration should he given prempllv, and p orveen administered if any
e 5

is at B, for the pure osygen will digpls
times as fast as nommel i

Carbon monoxide burns with a pale Wiue 14@'3, v 4 & abeve g
- of anthracite or coke is due to the burning of 0D, HMany persons
‘thought that the presence of CU could be detexte” br a safety lamp in
‘game way that methane is detected, It is absolutely impossible to debert
the presence of CO in mine air by the cap on the flame of a safety Lampy
for no cap can be seen unless more than 1 percent of CO is present, eand
1! this much were present the miner making the test would be instaatly
overcome and death would ensue,

When modern CO detectors are not available, small birds such as canaries

can be used as a workins test for CO, They will exhibit signs of distress

$and usually fall from their perch before sufficient CO is present to affect
2 man,

Another source of carbon monoxide should be mentioned verv emphatically,
P the exhaust gases from gasoline engines, These gases, whether from auto-
mobiles, 7asoline locomotives, or gasoline engines used to operate under-
ground pumps or fans, contain a high percentage of CO,

R 1o . » s
tne GU da the bhinod five

i)

a, WHITE DANP

The same as carbon monoxide, that is 2 mixture of carbon monoxide and
air, Probably its association with steam and 1lishtecolored smoke in fumes
from mine fires led to its being popularly termed white damp,

b, AFTERDA:P

Afterdamp is any mixture of gases resulting from a mine fire or
plosion, It mav contain nltrogen, oxvgen, carbon dioxide, carbon monoxide,
iethane, hvdropen, hydrogen sulphide, ete,

6, HYDROGE!! SULPHIDE

Chemical smbol = = = = = = HoS




Specific gravity e = = = = 1,191
Is it combustible = = = = = Yes
Will it support combustion No
Will it support life e = = No
Is it poisSonous = = = = = = Yes
COLOT = = = = = = = = = = = None
Odor o e TR i That
of rotten eggs, '
TAStE wm o = = = im = = = = = It
is slightly sweetish,

Hydrogen sulphide or sulphuretted hydrogen is called stink damp by
ne miners, due to its very disagreeable smell, Being readily soluble in
féhgy 3t is sometimes given off by stagnant water, It is occassionally
tected in very small quantities in afterdamp from coal dust explosions,
It ig sometimes found dissolved in mineral waters, and in some cases such
underground waters seep into the mine and give off their hydrogen sulphide,
Hydrogen sulphide ignites at 500 degrees Fahrenheit and burns with a
igh flame, but although combustible 1t will not support combustion or
e, lWhen HpS burns, the hydrogen unites with oxygen to form water and
s sulphur forms sulphur dioxide by its union with oxygen,

‘Tt is fortunate that hydrogen sulphide is seldom found in coal mines
n dangerous quantities, as it is extremely poisonous, When only 0405
nt of the gas is present alarming symptoms such as giddiness,
iting, etc, are quickly produced, and Lehmann states that air containe
g 0,07 percent is sufficient to cause death in an hour,

It is easy to detect hydrogen sulphide by its unmistakable odor,
iven very minute cuantities can be detected by the sense of smell,

a, STINK DAMP
Stink damp is a mixture of hydrogen sulphide and air,

7, ACETYLENE OR CATBIDE GAS

Chemical Symbol = = = = = = Cols
Specific gravity = - = - = 0,906
IS Feb combustible o« = = = - Yes

Will it support combustion No
Will it support life = = = No
Is it polsonous = = = = = = No
COlOr = w = & @ = = = = = = None
0dOT = = = w = = = - - - A

peculiar and characterw
istic one,
Tas‘t,e——-—_—u-——-u None
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4 A£e£y1ene is never found naturally in mines, but since it is used .

. extent 2 miner should kncw its characteristics. Acetylene is a com-

composed of two atmos of carbon and two atoms of hydrogen, U2 .

The substance put into cerbidc lamps is known as "carbide" to the miner;

jt is actually CaCo. calcium carbide. When the water from the lamp

in contact with the CaC- a chemical reaction takes place, acetylene

erated, and the substance left in the lamp is slaked lime or CaO,

Acetylene ignites at 652 degrees Fahrenheit and burns with a brilliant
and produces no smoke in a properly designed burner, It will, of

e, not support combustion or life. It is not poisonous if breathed

gmall quantities, although suffocation would result if a very high per-

tage were breathed,

' Acetylene has the widest explosive range of any of the gases ever met
in mines, that is. from 3 %o 73 percent acetylene. If carbide is never

tted to be stored unterground there sesems little likelihood of suf-

ent CpHy being generated o cause an expicsion of any greav consequences

8. HYDROGEN

Chemical symbol = = = = = « = H
Specific gravity = = =« = = = 0,070
Is it combustible = = » « = « Yes
Will it support combustion « No
Will it support life w + = = No
Is it poisonous =w = = = = w « No
Colol' = = @ = « = = = = = = =« None

None

Hydrogen is the lightest gas known, being less than one-{ourteenth of

he weight of air, It is seldom met with in mines. ,

Occassionally small quantities are produced by blasting and from ex-

osions, The most important source of hydrogen, as far as mines are cone

berned, is the charging of electric storage-baticry locomotives, Here the
assage of the electric current breaks down some of the water in the bat~

ics into its two elements, hydrogen and oxygen,

Hydrogen burns with an almost colorless flame and produces a great

€al of hcat, When the mixture of air and hydrogen contains between 10

nd 66 percent hydrogen the mixture is explosives

While it will burn, it will neither support combustion nor life, It

§38 no poisonous effect on the human system, although it could not be
Teathed in a pure state because suffocation would result, It has neither
9L0r, odor, nor taste, and there is no simple test for its detection,

9+ OXIDES OF NITROGEN

Oxides of nitrogen are formed in mines by the burning, afterburning,
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4. under certain conditions, by detonation of high explosiwves, They c-r

) be detected by the "burned~powder" odor and may also be identificd

- peddish color of nitrogen peroxide (NOp) which is formed when nitric
(NO) comes in contact with air,

= Oxides of nitrogen corrode the respiratory passages, and the breathing

‘:j@latively small quantities may cause death, Nitrogen peroxide probably

® the most irritating of the oxides of nitrogen, Its effects on the res-
ory passages usually are not noticed until several hours after ex=

" 0401 percent of nitrogen peroxide may cause dangerous illness if

thed for a short time, and 0.07 percent is fatal if breathed for about
‘$30 minutes, = - "

37" " he specific gravity of nitrogen peroxide (NO5) is 1,589,

When high explosives burn, high percentages of oxides of nitrogen

.y be formed; hence, gases from burning high explosives should not be

ntered without adequate respiratory protection,

When explosives having properly proportioned components are detonated

hey usually produce exceedingly small percentages of oxides of nitrogen,

shich are considered harmless; however, Ushucked” (wrapper removed from

sartridge) explosives may produce harmful percentages of oxides of nitrogen,

Jeven when detonated; hence explosives should never be used with the wrapper
cemoved in places where the gases can not be diluted immediately and

10, SULPHUR DIOXIDE

Sulphur dioxide (SOp) is a colorless, suffocating, irritating gas,
dith 2 strong, pungent, sulphurous smelle It is sometimes given off by
Jexplosives, and may be present when there are gob fires in which iron

rite is burning,
The specific gravity of sulphur dioxide is 2,26l -
Sulphur dioxide is very poisonous, even when present in small per=-
gentages; however, it is so irritating to the eyes and respiratory passages

fthat it is very noticeable before it reaches concentrations that are
ANEEYTOUS ¢

F. (ETHODS FOR DETECTION OF ..INE GASES

Various methods and devices are in use for detecting mine gases. How=
Bver, accurate means for detecting oxygen, carbon dioxide, methane, carbon
lonoxide, and probably hydrogen sulphide are the most important during both
lormal mining conditions and rescue and recovery operations,

Other gases that may be found in mines, such as oxides of nitrogen,
phur dioxide, etc., usually occur in small quantities and unless present
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nts large enough to be dectected by smell require collection and +he

k. é of air samples. The collection and analysis of these gases re..
special processes entirely different from the usual procedurc; there--

a chemist of considcrable cxperience should perform thc work,

L, METHANE DETECTORS

Because of the wide occurrence and dangerous characteristics o? :
thane, the detection and dgtermination of the amount oresent in mine air
tally important during ooth normal operating conditions and abnormal

ditions following mine fires and explosions,

ay FLAME SAFETY LAIF AS A DETECTOR

oot s p— W 4t B,

For the use of a flame safety lamp please refer to Section 1, part E-1,

bs ELECTRIC METHANE DETECTORS

There have been several of these detectors developed and approved by

the United States Bureau of Mines; however, some of them are now out-dated,
t will nevertheless be mentioned,

BURRELL METHANE DETECTOR

This detector is a simple device that will quickly and with reasonable
racy determine small quantities of methane in mine air. The detector
8 essentially a water filled U~tube, one end of which terminates in a gas
'eServoir or combustion chamber and the other end in a gage glass having a
calibrated scale, To make a test, water is forced into the gas reservoir
and also up into the valve cup by blowing into the rubber tube that is cone
e€ted to the opposite arm of the U, When the water is allowed to return

0 its original position, it draws a mensured sample of mine air through

valve into the combustion chamber, The level of water always returns

0 the same mark on the gage glass and therefore defines the volume of
A€ sample taken,

The valve is closed and the methane burned out of the

ample by closing a switch and electrically heating a platinum glower, The

ontraction in volume after burning, which results if methane is present, is

P by the new position of the water level in tho gage glass next to the
Cale; this indicates the percentage of methone in the samples,
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includes & 1 sainum Lilament, Jiods bridge, with ibs metar
ito zero in air, oDecowss unbalanced n 1n a combustible gas cuz
effect of the burning of ulie gax bhe surface of the hested fil-
i ﬁhich increasss tha terp T .. registance of the filament pro-s
- to the percentage of e
; e

needle of the meter 1
IS [ percent, is o
8 present.,

\

B (Mine Sofety rppliancas Coo)

The operation of this dstector is based on +he burning of the methene
surface of a platinum wire filament heated to a definite inditial
sature by the current from a cap lamp battery. When air containing

s is brought in contact with the platinum wire filament the gas

thus increasing the temperature of the wire and its electrical re-
e The increase in ressistance is in proosortion to the amount of
in the sample and is measur<d oy a milliameter, the scale of which
rated to give accurate readings in direct percentage of methane,

o calibrated scales are used on the indicating meter, These are :
as an aid in more accurately reading low percentages of methane,
ale is gradusted in LO divisions (each being 0,05 percent), from O )

percent, The second is graduated in 30 divisions (each being 0,10
nt), from 2 to 5 percent,

M.S.A, METEANE DETECICR TYPE W--8

g

This detector erploys a circuit, the basis of which is the wheatstone
The detector unit has a filament of specially activated platinum,

is heated to a definite working temperature by the current supplied
2ap lamp battery. When 2ir containing methane comes in contact with
stivated platinum filament of the detector unit, the gas burns, thus
ing the temperature of the wire and its electirical resistance,
Change of resistancs nbalances the electrical cirsuit of the instrument,
mount of unbalance wnich i3 proportional to the amount of methane pre= ;
 is indicated on a meter gradusted dirsctly in percentage of methane,
- Two calibrated scales on the indicating meter are provided as an aid
ore accurate reading of low percentages of methane, One scale is grade
in 4O divisions (each being 0.05 percent), from O to 2 percent; the

1 1s graduzted in 30 divisions (each being 0,10 percent), from 2 to
cent,
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M,5,A. METHANE DETECTOR TYPE E 2

VoA s 5 ——— s ———

Q@%e electrical circuit ohis debecter is a2 balancesd elegtrical

I which the elecuricnliy noatod vlatinum 74 wait forms o
The current s sup: - a cay Lamp ba Ve Ehe burning of

e on the activatec fiiaren. incress:cs boha its temperature and its
Heal resistance, thus webalancing o e The degree to which
‘eircuit is unvelanced i3 ; 1% amount of methene in the
BTG 15 neasured on a meter scesla calibrated to read directly in
ntage of methanc.

Mfhe scale range is from O to % nerceli, with more tharn one-holf of
le graduated frow O to 2 percen’ in 0.2 wercent divisions and the
ance of the scale is marked in 0.% percent divisions,

the mincrs when a dangersus
iy 1t 18 operated from a
ontained battery (the same type babtery thabt is usced for the cap

tage of methane is present in the mine

Je

It samples the mine air continuousiy and when any sample shows a
erous concentration of methane gives a warning in the form of a
hing red light,

: : ‘ 2o, CARBON MONOXIDE DETECTORS

Because of the dangerous characteristics of carbon monoxide, means
r its detection are vitally important both during normal mine operations
d following mine fires and explosions,
. It is also valuable to mining men to be able to determine the amount
bon monoxide in the mine air, There are numerous occasions during
or suspected mine fires and after the sealing of mine fires when a
d for accurately showing low percentages of carbon monoxide is of
importance, Many incipient mine fires could be prevented from
ng serious proportions, with conseguent loss of property and even of
¥68, if an efficient means of detecting Low percentages of carbon monoxide
employed., The presence of carbon monoxide in the return airway of a
e is almost a sure indication of fires, Seversl mine disasters have
sed loss of life because sealed fire areas have been opened before the
T€ was completely extinguished. Some of these might have been prevented

0

d the composition of the air behind the seals been determined, especially
' t0 its carbon monoxide content,

L8




ae SMALL BIRDS AND ANTIIMALS

The use of small birds and animals, especially canaries and mice, has
o been recognized as a means of detecting carbon monoxide; small
animals are not, however, safe indicators of oxygen~deficient atmospheres,
"Jsome small animals thrive in atmospheres where the oxygen content would
ause death to human beings,

Tests show that small animals may be used repeatedly in mines to
cate that carbon monoxide is present without danger of losing their
eptibility to that gas, Canaries are br

v far the best of all the live
ctors tested, as mice, which are the next best, are difficult to

and have other undersirable characteristics, Canaries usually show
ptoms of distress sooner than other small animals; they are easily
ainable, and if intelligently handled seldom die as a result of exposure
g atmospheres containing carbon monoxide,

Numerous tests with small animals have shown them to rank
follows as regaerds- to susceptibility to carbon monoxide poisoni

about as
ngs:
Canary « = = first Pigeon ~ =« ~ fifth

Mouse =« ~ -« second English sparrow - sixth
Chicken « -~ third Guinea pig - seventh
Small dog « fourth Rabbit = « - gighth

However, even these at times may be unreliable as indicators of CO,

Dy, IODINE PENTOXIDE (HOOLAMITE) DETECTOR

Please refer to Section 1, part E=3 for information about this carbon
onoxide detector,,

Ce M,S,A, COLORIMETRIC CARBON MONOXIDE DETECTOR

The basis of this detector is the replaceable indicator tube which
itains a yellow impregnated silica gel,.-
In use, the sealed ends of a detector tube are broken and the tube
ﬁﬁserted in the tube holder. An air sample, controlled by a specially
igned metering orifice, is then aspirated through the tube, When the
' Contains carbon monoxide, the yellow silica gel turns to a shade of
€0, the intensity of which indicates the concentration of carbon monoxide,
Mounted beside the detector tube is a color scale, The varying shades
_BT€en shown on the scale are easily distinguishable and the comparable
:ffa.monoxide Concentrations which they indicate are clearly marked in
. cens ages..

‘ The detector is capable of indicating the presence of carbon monoxidé
L A1r from 0,001 to 0,10 percent by volume,
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' d, M.S.A, HAND-OPERATED CARBON LONOLIDE INDICATOR

recise indications of carbon monoxide anywhere in a mine is pessitle
indicator, without connections to batteries or any outside power
This instrumen® is safe to use even where flammavle gases may be

air sample first passes through a dehydrating canister which

s any moisture. Fron the canister, it enters the cell countaining

lvet knovn as “Hopeaiite', and then pesces Uhrough the punp and out

naust valves, In tha ceil, carber monoxide is oxidized e carbon

e by the catalytic action of the Hopcalite, Heat. Liberaved by this

ation, is directly nroperbicnal to the amount of carbon nmenoiide pre-
and is measured by differential. thermocouples in series with “he

ting meter, :

he percentage of carbon monoxide, if any, in the atmosphere under

, is indicated on a direct reading calibrated meter, which has a scale

from O to 0,15 percent carbon monoxide, The meter can be read

1y to 0,005 percent and estimated to 0,001 percent,

3, HYDROGEN SULPHIDE DETECTOR

" The method of detecting hydrogen sulphide by sense of smell is lost
, from 2 to 15 minutes of exposure in an atmosphere containing from
t0 0,015 percent hydrogen sulphide; therefore, some other means of
stion must be used.

a, M.5.,A., HYDROGEN SULPHIDE DETECTOR

i

This detector consists of a small inlet metal barrel corrugated on

e end to permit a rubber tube to be attached, to which is attached a

yer aspirator bulb, a movable scale, and a tube containing a white

lar chemical,

. The chemicals used in the hycrogen sulphide detector tubes consist

f silver cyanide (AgCN3) on activated alumins (Alp03). The reaction of the
llver cyanide in the presence of hydrogen sulphide turns the white granules
dark gray, beginning at the end where the sample enters,

It shoulc be noted that when the detector is used in the presence of
gen sulphide, hydrogen cyanide (HCN) is liberated, As this is a
deadly gas some anxiety may be felt regarding the use of the detector,
icularly where there is little or no air movement; however, the amount
uﬁydrogen cyanide liberated is so small that the amount that could be

'g by an entire tube is harmless, even if the user inhaled the entire
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.. OXYGEN DETECTOR

. The detection or determination of the amount of oxygen in mine air
> be of considerable importance during both normal operating conditions
| after mine fires or explosions. -
" An accurate determination of the amount of oxygen in mine air can
- be made by collecting and analyzing air samples; however, it is
sously that this cannot be used when immediate information is desired,
~ The only device known that can be used with relative safety under-

d for immediate detection of the presence of enough oxygen to support
. safely is the flame safety lamp, and it has definite limitations,

e hands of an experienced user, the action, color, and illuminating
of the flame of a flame safety lamp incicates roughly the amount
jgen within a range of 20,9l percent to 16.25 percent when the flame
| be extinguished by lack of oxygen.
' The extinguishment of the flame of the lamp because of insufficient

n furnishes no information as to how much less than 16,25 percent
e present, Consequently, no one should work or remain where a

safety lamp will not burn unless adequately protected with self-
ined oxygen breathing apparatus.

£. CARBON DIOYITE DETECTOR

The only method for the absolute detection of carbon dioxide is the
jollection and analysis of a sample of mine air. However, a deficiency
of oxygen can be cetected to a certain extent with a flame safety light
down to 16,25 percent oxygen at which time the light will go out,

64 SULPHUR DIOXIDE DETECTOR

The maximum allowable concentration of sulphur dioxide gas for working
ospheres is approximately 10 ppm (parts per million) for an 8=hour
ure,
~ The M.S.A. sulphur dioxide gas detector consists of an aspirator
WD which will draw air through the replaceable sampling tube attached,

Sulphur dioxide in the air will turn the reagent sranules in the

ampling tube white. The length of travel of this discoloration is
Toportional to the percentage of concentration of the S0,, The scale,
iWtached next to the sampling tube, is graduated from O to 50 ppm,.

25,




R DI IE— :v__“W‘““VA_vF4———i———————-“f:SIIIII..!!=

G, PROTECTION AGALIST MINE CASES

mines operating under normal conditions the best method of pro-
) against mine gases is adequate ventilation to dilute them below
ous proportion and remove them. :

der abnormal conditicns, as during mine fires and following

s Bases anc atmospheres depleted of oxygen may be encountered,
re are generally four methods used for probection against carbon
and other mine gases; howsver, all cf these are not useful in
eres deficient in oxygen, These methnds and cdevices are not all .
| for use under all eircumstances, each one having a field of its ;
he methods and devices are as follows:

1la Erection of baricades

2+ Selferescuer _

3s Self-contained oxygen breathing equipment

L, Gas masks for protection in air against all
gases, swokes, and vapors,

¢ the purpose of this section detailed information will not be

r the use of these devices and equipment used for the protection
mine gases, This detailed information will be found in later
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SECTION 4 COAL MINE EXPLOSIONS

ot
—— A b

The lives

& time of an explosion
fire may be

: to the men, property
; ocsur, i sore cases

e o nony things
workers can cdo¢ %
res; however, it ic 2
because of trs 11
218
3

TWnGrs, mine managers; and the

causes of mine explosions and
impessivla to completely eliminate these
1% dangers which exist in the mining of coal,
perators are largely responsible for the prew.
gion of explosicns: 72in, the wine workers have caused many explosions
nsafe practices and carelass acte, The causes of such disasters should
ownt by everyone conuscted with the mining of coal so that they will
ize any dangerous conditvions which exist and also so that they will
whatever precautions that are possible to help prevent explosions, i
_ Explosions in coal mines are sometimes classified as (1) gas explosions,
) coal-dust explosions, or (3) a combination of gas and dust explosions,

Coal mine owr:

D 5

B, GAS (Methane) EXPLOSIONS

A combination of the following three factors are necessary to produce

s explosion in a coal mine: (1) sufficient oxygen in the air, (2) 5
percent of methane in the air, and (3) a source of ignition, If a

tion occurs in any one of these three factors it is quite likely that

explosion will not result even though the other two factors are

ght" for an explosion,

1 y
o .

1, EXPLOSIVE LDMIT OF METHANE AIR.MIXTURES

The explosive limits of a methanemair mixture are usually given a$s

) and 15 percent methane with the maximum violence occuring at about 9,4
\ t methane; however, it has been found bv experiments that certain
tors change these limits to an extent,

o . It has been stated by J, S, Haldane that a mixture of air containing
7.5 percent, methane would explode violently at atmospheric pressure (30
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Q’f'.“f-nercuw) but would not explode whan the pressure was reduced to
hes of mercury,

G, A, Burrell found that if a mixturs of methane and air was heated

5 O‘ the lower pXplo va L,mft was between 25 75 and 4 percent methane,

QgplOSlVe range nP met nanﬂ“ If 7h~ aercentage of oxygen remains the
an increass in the percentege of carbon dioxide will shorten the
BWe range, thot i, raise the lower Limit and rsduse the upper

1 with the uppsr Jimit pod 3 mers than the lower 1imit is
do R
The decrezss in the p
gL a methqne~a.r m“fb:re} )

w

2]

8 the explosive
e ~0q+aga of oXygen is
cduced until at 12 percent

prs 4

&A50

‘7:*:4‘:)_ ’

.——-i.

The source of ignition is heat; it mist te hot encugh and last long

h to ignite the methane-air mixture. This heat cannot be dark heat
st be an open {larme, such as a match or a carbide light; an electrical
or a spark, such as might be produced by rocks striking one another

f& fall of roof,

1e temperature of this heat must be at least 588° C, or about 1000

s Fahrenheit or it will not ignite the methane in the air,

C. COAL.DUST EXPLOSIONS

Coal dust by itself can causs explosions even when the atmosphere

s no methane; however, methane in mine air not only increases the

sibilitv of dust explosions but also greatly increases the violence of
explos1ons.

- Coal dust is explosive onlv when raised as a dense cloud in air, and

ain minimum concentration in the clound must be reached or exceeded

flame will ignite i, To starit a dust explosion the cloud need

fi8rpe, but it must be dense surrcunding the ignition source;

T, once ignited the pressure produced raises additional dust in

2 of the flame and thus cavriss along or nrtpagates the explosion,

Tests have showm that all coal dusws, except anthracite dust, if

ended in a dense enouzh cloud can be ignited and mav produce a violent
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1, FACTORS INFLUENCING DUST EXPLOSIONS

Generally there are seven factors that influence dust explosions in a
.1 mine, these are:

s SIZE OF THE COAL DUST PARTICLES3

As the coal dust becomes finer the surfaces exposed
for reaction with the oxygen of the air is increased; thus,
the finer the coal dust, the more explosive it is, In tests,
it has been shown that any bituminous coal dust that is
finer than 20-mesh (0,025inch openings) is explosive when in
a dust cloud in air '

2, COMPCSITION CF THE COAL DUST

In a coal dust cloud, the higher the percent of incom-
bustible material (such as rock dust) the less explosive the
mixture, Tests have shown that when the incombustible part
of coal dust is 65 percent or over the mixture will not
exp].Ode ‘@

Also, the higher the percentage of volatile matter (gassy
matter given off by the coal when heat is applied) in the
combustible part of the coal dust the more explosive the
mixture, Tests have shown that when the volatile matter is
over 12 percent of the combustible part of a coal dust
cloud, it is explosive,

3, METHANE OR GAS IN THE MINE AIR;

The presence of a small percentage of methane in the
mine air will increase the explosibility of the coal dust
suspended in the air, The higher the percentage of methane,
the more explosive the mixture,

L QUANTITY AND CONCENTRATION OF THE COAL DUST;

A very small guantity of an explosive coal dust mixture
will propagate an explosion, On an average 0,05 ounces of
coal dust per cubic foot of air space is a sufficient amount,
Larger concentrations of coal dust will propagate more
violent explosions,

However, regardless of the quantity, the coal dust
¢loud must be very dense immediately surrounding the ignition
source,

5e DISTRIBUTION OF THE COAL DUST;

Dust on the ribs, overhead timbers, cribbing, and lag=-
ging is usually more dangerous than dust found on the bottom,
There are generally two reasons why this is so; (1) the dust
that settles on the ribs, owerhead timbers, etc, is much finer;
and (2) the dust on the bottom is usually dilutec by shale,
sand, and other impurities,

6e SOURCE AND TYPE OF IGNITION;

The source that causes ignition may also be the agency
that raised the dust from its resting place, such as a local
gas explosion, or certain blasting powders, Also a match,
open light, electrical arc, or a spark can ignite coal dusts
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SURROUNDING CONDITIONE;
The character of the surface:z of the ertries influences dust
explosions. These surfases may bs coal or rock, hard or friable,
wet or dry, rough, smonth, or timber lined, The ceondition of
these suirfases will either 2d4d inert dust, add more fuel, or
s ra*s ab which the heat is sbsorbsd from the moving
flame of the exprosion,

PLOSTON'S

. Despite all effcris, tas and dust won2sionally accumuiate in coal
Tt is imperative, therefoie, that geod wentilation should be main-

that the coal dust hazard should be minimized, end that ways and
should be devised to prevent all possible scurces of ignition from
into contact with explosive gas or coal dust,

1.. ADEQUATE VENTILATION

Adequate ventilation is the foremost reouirement in the prevention of
or coal dust explosion in a mine; it dilutes and makes harmless any
e that mav be given off; it carries away coal dust thus preventing
reaching a dangerous concentration,

o. USE OF WATER

g the formation of a dust cloud difficult.

ter sprayed on the coal at the working face and at the loading points
b effective because it is here that most of the dust is formed,

r, wet dusts are still nevertheless explosive, Water does not pre=-
an explosion if a coal dust cloud of sufficient concentration comes
contact with some form of ignition, Water prevents coal dust ex=

ons only when it wets the dust enough to prevent its being raised

the air by a blast or concussion.

:ﬁ‘ is recommended that water be used on (1) the dust as it emerges
the varicus machires a2t the face, (2) the coal face before and after
y (3) the ccal pile befors and during doading, (4) the loaded and
trips, (5) the coal at any transfer points, and (6) the face region,
to the last application of rock cust,
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5. USE OF ROCK RUST

To help prevent or checck mine efplesions, all bitumincus ccal mines
j1d use rock dust (incortustivle). The value of rock dust application
u 1840

upon the fact that ncoli-dast when mixzed with sufficient incombust-

ased up 3 : <

t will not explcde, burn, or aid in provasating an ex losion; and
U. 5 o 3 ;. i 5 <O p
that dry, fine, incombustidle dust suspended in air in a sufficiently

oud will tend to check and stop 2 coal dust explogion, -
e i : T I ;
A1]1 mines should be xept thoroughly rock dusted in all open, unsealed
s to within at least 40 fect of the fase (water should be used in the
ining 40" feet). Wher roci dust is applied it should be distributed
the top, bottom. and =ids B

N

i f all ploces and maintained in such

ity so that the Incarhustible centent will not te less than 65 percent,
f methane is prescent in the ventvilabting current, the 65 percent minimum
bustible content should be increased 1 psrcen® for sach 0,1 percent

& O
b g
i

. .
The first application of rock dust is not sufficient over a period
me as additional coal dust settles on top of the rock dust and before
there is not 65 percent incombustible material; therefore, rock dust
1d be applied over the entire mine at intervals ranging from 3 months
0 a year, depending on the amount of coal dust in the mine,

a2, HOW AND WHERE TO ROCK DUST

Before rock dust is applied in a partly developed mine all accumulae
of fine coal, as far as possiblé, should be loaded out, and the pas~
8 should be sprayed with water, Rock dusting should begin in the

tons of a mine where explosions would be most likelv to originate,
cing entries, generally, should be the first entries dusted, A mine
ld be rock dusted from the faces outward to the mine entrances and-
inby as the faces advance, All crosscuts, rooms, pillar workings,
jand entries should be dusted to within 40 feet of the face,

- Rock dust can be applied by hand or by air pressure machines that
the rock dust through tubing; this tubing can be several hundred
in length, If a mine has electric power available a portable rocke
ling machine has proven to be very convenient,

ALl men applving rock dust by hand or by machine should wear a dust
Spirator,

b, QUANTITY OF ROCK DUST APPLIED

i

The quantity of rock dust required in a mine will depend upon the
‘ fﬁat of incombustible matter in the mine dust and the day-to-day possie
Pity of coal aust deposition, A minimum of 65 percent incombustible
oUld be maintained at all times, and an additional 1 percent rock dust
“0Uld be applied for each 0,1 percent methane in the ventilating current,

o
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% dust in excess of this minimum should be applied to eliminate the
essity of immediate redusting,

~ Usually 3 to 4 pounds of rock dust per linear foot of entry is the
4mum to apply when first dusting,

¢q SUITABLE ROCK DUST

Rock dust used in coal mines should have the following specificationss
The dust to be used shall not contain more than 5 percent of
mbustible matter nor more than 25 percent of quartz or free silicaj

9 of the dust shall pass through a sieve having 20 meshes per linear

, and 60 percent or more shall pass through a sieve having 200 meshes
r linear inch; the dust shall not absorb moisture from the air to such
n extent as to cake and destroy its effectiveness as a dry dust, It

d be light-colored so that accumulations of coal dust over it can-
en more readily, The rock dust should be prepared from limestone,
mm, anhydrite, or shale, sufficiently free of silica,

4, ELTMINATE USE OF OPEN LIGHTS AND SMOKING

A great many explosions are ignited by open lights and smoking, Most
‘mine explosions initiated by open lights have been methane ignitions;

ver, numerous ignitions of coal dust by open lights and electric arcs
/e been reported for mines in which methane was never detected, and
explosions of considerable flame and violence have occurred in surface
tipples where methane is not found,

s It is recommended that all persons use only a permissible portable

| electric cap lamp, These lamps give a very good dependable light and

| they cannot ignite explosive gas or dusteair mixtures,

1 A1l smoking should be prohibited in everv coal mine, regardless of
wWhether it is gassy or not, or whether the coal dust is held to a minimum,
(perience has shown that violations of this have been quite common and

have caused numerous explosions and fires,

. 84 EXANMPIES OF EXPLOSIONS CAUSED BY OPEN LIGHTS AND SMOKING

A gas and ¢oal-dust explosion that occurred in a mine resulted in the
daath of 74 men, Investigators concluded that the source of the explosion
Was a gas ignition by a carbide light, i

%1 men were killed and three injured by a gas and dust explosion, The
| %ection of the mine affected was examined for gas about 4 hours before the
1%%plosion and was found clear of gas, OSubsequent investigation disclosed

that the operator of a mining machine attempted to light a cigarette in a

v
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= that had just been cut, Apparently, an accumulation of methane was
ted, and the initial explosion was propagated by coal dust. Rock dust
not been applied in the explosion area, and tests for methane were not
smmediately before or after the place was cut.

5. USE OF PERIMISSIBLE EXPLOSIVES

For blasting coal permissible explosives are recommended for use
se they are less liable to ignite the explosive mixtures that may be

1

Permissible explosives are those thav produce a flame that is compara-
ly short in length and durationﬁ Th?y are designed esp=ecially to pre=
genition of gas or coal dust wien blosting in coal mines. They should

Phised for all blasting in a coal wine re arcless whether it is in rock
N coal. Permissible explosives are conpoundud and prepared with certain
eming ingredients that shorten their flames and lower their cowbustion
eratures; however, they should not be firad in 2 place where metiiane
be detected with a flame safety lamp or where there is consicerable
(_;11_1,5 te .

An example of an explosion caused by the use of explosives is as
jlows s

Six men were killed and five were injured by a dust explosion
initiated by the firing of two mud-capped charges of LO percent gel-
atin dynamite placed on a fall of sandrocks. The shot firer pre-
pared the two charges, using two sticks of dynamite for each, He
covered the charges with clay, placed a large piece of shale on top,
connected the detonators in series, and fired electrically., The
liberal use of rock dust throughout the other parts of the mine
prevented a widespread explosion,

6, CAFE USE OF ELECTRICAL EQUIPMENT

In mines where electricity is used to a great extent, it has caused
the ignition of many gas and coal dust explosions, As the mechanization
of coal mining increases so does the use of electricity; with this increase
of electricity, the danger of a gas or coal dust explosion being ignited
by an electric arc or spark is also increased.

= Some of the ways in which electricity is responsible for the ignition

@Féxplosions and fires are such things as arcs or sparks from the electrical
fp“fs of cutting, drilling, and loading machines; trolley wires and other
electric power conductors caught under falls of roof or ribs and short-
Circuited; sparks and arcs from trolley poles on electric locomotives;
Short-circuit of poorly insulasted electrical conductors that pass tirough
Wooden doors and brattices; short-circuit or buraing out of auxiliary fan
Motors placed undergrounc; and many more such conditions that cause an
electrical arc or sparks

It is recommended th=t all electrical equipment in a mine be maintained
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; near perfect condition as possible so as to prevent any arcs or snarkse
1a11 forms of electric conductors should be «carefully inspected and
ed in excellent condition so as to prevent short~circuiting,

E, COURSE OF ACTION AFTER AN EXPLOSION (or fire)

When an explosion or fire occurs in a mine the first impulse of the
vivors is to rush toward the nsarest exit +o get out of the mne,
ily this is the best thing %o do, but at oither times it may be
to stay in a working place or sume ovher suitable location,
It is very importan® that vnderground snoloyees be familiar with
ways, manways, and other exits in additiocy to those commonly used,
.ves have been lost unnecessarily in z disaster because workers did
ow of an exit that they could have uscd,
A mine worker who has survived an explosion or mine fire has a choice
ways of saving himself, (1) taking a chance of getting out of the
rough passageways in which the atmosphere is not contaminated with
mp or using a self-rescuer in passageways containing some contame
bion, and (2) erecting a barricade to keep out afterdamp and await
ation of normal ventilation and arrival of a rescue party,

1, SELF-RESCUER

- The two main hazarcs that threaten the miner who has been entraosped
d a fire or survives an cxplosion are asphyxiation by carbon monoxide
6 suffocation from lack of enough oxygen to support life,
‘The purpose of the selferescuer is to help miners escape at times of
fire or explosion by providing temporary protection from carbon
ide gasy It is actually a pocket-size gas mask containing the chemical
as "hopcalite", 7
The selfarescuer respirztor removes the hazard of carbon monoxide
one-half hour or more and accordingly greatly increases the minert's
*€ of escape to the surface or to a portion of the mine that still
2ins fresh air,
However, the self-rescuer cannot and must not be worn where there is
icient oxygen to support 1ife, Generally though, there is enough

en during mine fires or after explosions to support life, This is

ated by the fact that flame safety lamps will usually burn in any

®Ction of a mine during recovery operations,
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R+ ERECTION OF BARRICATES

. The decision of virtually sealing one's self in a mine after a dis-

» is difficult to make, In general, barricading after a mine fire

d not be done except as the last resort when it is certain that

pe from the mine is impossible; however, when the decision has been

 to build a barricade, the men should retreat to a part of the mine

s the air is still "good" and immediately start the erection of the

ade,

barricade must be gas tight and include as large a territory as

le so as to provide the largest volume of uncontaminated myp, It

1d not have any unsealed connections to the rest of the mine;

A barricaded area forms a refuge chamber for the men within, and the
content of the enclosed space determines the number of men and length

2 they can safely remain there, In breathing, the men consume

from the air and exhale an almost equal amount of carbon dioxide,

ments have shown that a man in a confined space recuires approximately
yard of air per hour, At the end of an hour this cubic yard of

.1 contain about 14 percent of oxygen and 5 percent of carbon

All open lights should be extinguished, (except one flame safety

as these lamps consume oxygen, All but one or two electric cap

should be turned off to conserve the charge in the batteries of the

lamps, After the barricade is finished, the men should remain as

as possible because a man exerting himself uses about twice as much

n as when at rest; however, someone should walk around occasionally

x the air,

' Following is an example of how men can save their lives by barricading
ves in a place free from dangerous gases caused by an explosion,

. At the time of the explosion in Nol5 mine at Beeley, W, Va., U,
‘A, 74 men were in No 6 mine above it; of these men, 8 were overcome
terdamp, 31 were rescued, and 35 saved themselves by retreating

om the hot afterdamp to a sump room where thev barricaded themselves
L with brattice cloth,
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SECTION 5 COAL MINE FIRES

Mine fires, second only to explosions, ars t
mining, These fires can S t
ighly combustible nature of ccal. tinber, explosives, and other ma-
1s usually abuncdant in coal rines, Most of these materials are nore
ignitible than the ccal itself and often are the source of a mine
et eventually svresds to the noal Therefore, since fires are an

Dresent hazard in coal mining, certain precautions must be taken to

nate as far as osossitlc those Footors which cause a fire.
fhere will always be sources of igndition in 4 mine, and the cdenger of
taneous combustion igs 5 present, however, these hazards can be

mized bi~ known means, whe measurss recommenced for the pre-

on of explosions wiil also zid n “he prevention of fires, suca as

‘dusting and the wetting down of the coal.

BNihe heat evolved from a fire liberates volatile constituents from |

minous coal that are flammable and explosive, 4 mine “hat under normal

ions does not liberate explosive ges may during a fire become an

ly gassy mine because of the distillation of the volatile cone

ents of the coal. When this happens, there is no* only the cdanger of

explosion but the greater hazard that even a small gas explosion

ignite coal dust, or a fall of roof may throw a cloud of coal dust

o the air which may come in contact with the flame of the fire and :
€ a widespread and destructive explosion,

Hany mine fires can be extinguished in their early stages by direct

with vater, chemicals, rock dust, or sand, Failure to extinguish
by direct attack usually is due to late discovery, lack of water or
of applying it promptly, lack of fire extinguishers or other
ities, and improper fire.-fighting procedure, If a fire cannot be
guished in a few hours by direct attack it generally is advisable |
sort to some other method of handling the fire,
Mine fires should be sealed when progress cannot be made by fighting
M directly or when other conditions, such as inaccessibility and probably
ations of explosive gas, make sealing advisable,
The most common hazards in connection with mine fires are the asphyxi-
of men by smoke and fumes, often in distant parts of the mine as well
Proximity to the fire; injury or death of men by falls of roof while ‘
4Ng, sealing, or unsealing the fire; or ignition of an explosive ;
flire of gas or coal dust that may injure or kill underground workers,
It is far more hazardous work in fighting a fire than recovery work
&n explosion; because, an explosion has usually done its harm waile
€ Mne fire may at any time cause an explosion or other dangerous
tion with possible death to those engaged in fighting the fire,

ter
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B, CAUSES OF MINE FIRES

P

" The primary causes of coal mine fires are electricity, open flames.
ives, friction, spontaneous combustion, and possibly incendiarism,

1, EIECTRICITY

The two primary electrical causes of mine fires are arcs and short
its.. 3 ]
Arcs can come from the electrical parts of cutting, drilling, and
machines; from trollev poles of locomotives; and from certain

of electric motors, Any of these can start a mine fire if the arc [
into contact with combustible material,
" There are many sources of short circuits, all of which could start a

) 4f the short circuit occurs in a electrical conductor that was in

ct with the coal, timber, brattice, track ties or other combustible
1,

2, OPEN FLAMES |

- There are many cases on record where a mine fire has been started

p an open flame, The use of carbide or other open lights have caused
of these, Others were started from a match which mine workers had
to light a cigarette or to relight a flame safety lamp which had gone
Also, lighted cigarettes that had been thrown away have come into

et with the coal, paper, wood, or oily rags and started a fire,

3, EXPLOSIVES

~ Through the improper use of explosives the coal at the working face

y be set on fire, particularly if the detonators are too weak, The use

- @ weak detonator may cause the explosive to burn and thus set fire to

e coal,

Black blasting powder has caused many a fire because of the long=
which is produced when the powder is exploded, Also, black blasting
itself is easily ignited by an open flame and if the powder is not

in a fire proof container it becomes another dangerous combustible
al found inside of a mine,

4, FRICTION
This is not too common a source of mine fires, but nevertheless has

63,




pé cause of someg

‘The heat generated from the friction between a hoisting rope and a
n
and continuously rubbing on a mine timber may cause the wood *c
ire. j A

here are other cases wher? the heat developed by friction or a spark
by friction has resulted in the combustible material in contact

e heat or spark to begin burning,

5, SPONTANZOUS CQMBU3TION

o

‘ on, or the heaving of coal or waste muterial thst
sil has lorng been e underground fires. In some

ea 3 ] o

of coal, especially w

1 Leose and finely divided, chemical changes
that produce heat eno

“h to cause a fire., Tt has been proven that
iposition of coal nas mwvch to do with its liabilitv o heat and take
ontaneously; in scmie coais, heating will result and a fire occur if
yal collects to small depths only, Waste timber, such as props and
thich may be partly or wholly covered with dust, and fine coal in the
sist the spontaneous firing of the coal, Also, any greasy or oily
greatly assist in causing spontaneous combustion,

6, INCENDIARISM

s 1t has been suspected that several fires have started in this way,
3fore, in considering the various sources of mine fires, incendiarism
t be overlooked, ~

C. PREVENTION OF MINE FIRES

If the above listed canses of mine fires are carefully considered,
t is seen that many mice flres can be prevented,

. As the use of electricity incrcases in mining, so do the hazards of
fires; therefore, proper safaguards and preventive measures must be
Among these are the prevention of bare wires coming into contact

1 any combustible material, the use of permissible electric motors and
aining these in a permissible condition, the use of battery loco-

Vs in atmospheres where an arc from a trollev pole is liable to ignite
gas-air mixture, a careful and continuous check of all electrical con-
rs to be sure that the insulation is in good shape, and the general
deation of good mining practices.

.
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" roller has caused a fire. Also. a hoisting rope that is impro sriy

It has never been proved that any mine fires have been set intentionally;
By Yy
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Fires from open flames can be minimized by the use of battery rowsred
tric cap lamps, the use of permissible flame safety lamps with & mag.-
lock, the prohibiting of mine workers from carrying matches ancd
tobacco uncerground, and generally prohibiting the use of any cpen
- underground,

shooting the coal cnly parmissible blasting powder should be used,
5, a blasting powder wita a short duration flame; and; cnly one hqle
d be fired at a time. The usec of black blasting powder underground
|d be prohibited as it has caused many, mine fires, The detonator us=zc
onate the permicsible powder should be sufficiently strong so that
der will not burn, but will expledea '

~ Any holsting cables thet are used shculd be properly guiced so that
y do not rub on any Limders or other combustibls material. 11 guides
| rollers shculd bs checked often enough to be sure that they are rot
ozen"; thereby. causing frictics bet-rasn the cuides or rollers and
isting cable. :

n preventing fires from cpmitaneocus combusticn the best and most
ave method is to have slequate ventilation to carry away any heat

§ formed from the chemicsl reasticn that btakes place within the
- Also, waste materizl such s old tirbors ties, c¢ily o1 greasy racs
3 __J- 3 st g

wed te collect witnirn 2 mine, Coal dust

‘never be allowed to accumiiate, but should be loaded up and hauled

- D. FIGHTING MINE FIRES

There is no set pattern that can be followed in fighting mine fires.
all fires have their own characteristics and the plan of attack in
€ the fire under control varies with each fire., All that can be

here is general recommencdations for controlling and extinguishing a
fire,

1, METHODS OF FIRE FIGHTING

The common methods -f controlling and fighting mine fires are as
g -

ae Direct attaci
be Enclosing the fire area with tight seals.
Ce Flooding the fire area with water,
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a, DIRECT ATTACK

ny mine fires have been extinguished immediately or very shortly

‘thev have started with water, fire extinguishers, rock dust, or

» smothering materials. This is bv far the best method of fighting a
fire; however, it is not always possible to extinguish a fire by

t attacke. Failure to extinguish a mine fire by direct attack is

11y due to late discovery; lack of water or other materlals, equip=

or essential facilities; or improper procedure in the early stages

fire.

WATER

. An ample supply of water at the mine for fighting fires on the surface
nderground is verv desirable, Where the natural supply of water is

or non existant, provisions should be made to have a large quantity,
10,000 zallons, stored to be used for emergencies only, This emergency
e should be located at a point where the water will flow by gravity
e mine and should be treated with calcium chloride to prevent the

on of ice,

If possible a mine should have a water pipe laved to each section
enough flexible hose in each section so that any part of the mine

e reached and spraved with water when necessary,

Where a mine is not equipped with water pipes and hoses it is very
ant that water boxes be located througheout the mine especially

the face regions where many of the fires start, These can be mounted
eels and pushed or hauled along the track to the fire, or they can
the form of water barrels located at very regular intervals

gh~out the mine. k
At all such water boxes or barrels two large buckets (2 gallon cap-

) should be located to be used for fire fighting only, Also, if

ble, a hand pump with 50 feet of flexible hose should be located in

1 section of the mine so that in the event of a fire the pump could be
d on the water box or barrel and water pumped on the fire,

FIRE EXTINGUISHERS

If it is not possible to have water available at all times throughe
the mine, portable self-contained fire extinguishers should be kept
8t various locations in the mine, VWhen a fire starts, immediate action
18 vital; and, during the first few minutes of a fire, almost any extine
isher will put it out unless a large quantitvy of gas is burning,

There are manv different tvpes and sizes of fire extinguishers
ﬁﬁﬂlable. One type has either carbonic gas under pressure or the gas

S generated chemically by action of acid on soda to force out the water

’wugh the hose and nozzle, The carbonie gas in solution helps the water
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inguish the blaze.
Fire extinguishers filled with carbon tetrachloride are used to a
extent especially in connection with electrical equipment because
tetrachloride is a nonceonductor of electricity, However, tais type
inguisher should not be used vnless there is a sufficient ventilating
t to carry away the carbon tetrachicride vapors. Also, these vavors
e decomposed by the heat thus producing hydrochloric acid, chlorine, or
ene, All of these are dangerous to the respiratory system of the
‘around the fire extinguisher, ; A
The foam-type extinguisher corprises an outer tank filled with an
s solution of sodium bicarborate containing a foaming ingredient and
er cylinder containing an agueous solution of aluminum sulfate. The
cylinder is filled with a louse stopper so that when the extinguisher
verted and its hose directed toward a fire a foam blanket containing
n dioxide can be spread over the surface of the fire to smother it.
foam is an electrical conductor similar to water and should not be
ed as a2 stream on an electrical fire because of the electrical-shock
rd to fire fighters. The foam-type extinguisher is particularly suit-
e for extinguishing oil and other petroleum-products fires,
The carbon dioxide extinguisher is a heavy-duty steel cylinder filled
h 1iquid carbon dioxide under very high pressure. When the discharge
and nozzle are directed toward a fire and the discharge valve is
sened the carbon dioxide issuing from the cylinder is gasified because
the reduction in pressure, The carbon dioxide settles on a fire as a
loud of gas and carbon dioxide snow and smothers it.
All portable types of extinguishers are used for direct fire fighting;
carbon dioxide type must be used within a range of 6 to 8 feet of a
s and the soda~acid and foametypes, from 30 to LO feet. Their use,
efore, is restricted largely to attacking fires before they have
ed much headway.

ROCK DUST

- Rock dust is effective in fighting all fires when they first start
especially effective in electrical fires, Limestone rock dust which is
y fine covers the fire and smothers ite At the same time when limestone
heated it gives off carbon dioxide which also aids in smothering the

LIS .

- Since rock dust is being used in increasing quantities for the pre=
Vention of coal=dust explosions, it is one of the most readily available
Aire fighting materials for underground use, There should be a very liberal
8Wply of rock dust stored near each working face and at all places through=
0ut the mine where a fire might start.

b, ENCLCSING THE FIRE AREA WITH TIGHT SEALS

When direct fighting is impracticable the most effective method for
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trolling and extinguishing a mine fire is to seal the affected region,
ossible, or the entire mine, Sealing with airtight stoppings excludes
1‘from the fire and extinguishes it through the lack of oxygen necessary i
- support combustion, The correct procedure in sealing a fire, that is,
er to seal the intake first or the return first or to seal both intake
eturn simultaneously can not be given as specific conditons must be
ydied to determine the proper method of fighting a particular fire, A
rdinal principle to adopt in all fire sealing procedure is to act with-
elays ’

] dTemgorary seals should be built,then all men removed from the mine ‘
or 2l hours before the permanent seals are built; however, all workmen 4
g;pt those engaged in fire fighting should be removed from the mine as
»n as possible after the fire is discovered,

- The reason for leaving the mine after temporary seals have been built
%xthat behind the seals there develops a race between decreasing oxygen
nd increasing explosive gas, an especially critical time in a mine known
o liberate methane, However, as mentioned earlier, the heat from a mine
will distill from any bituminous coal volatile constituents that
explosive, so that behind a seal explosive gases are evolved in a mine
ly nongassy, One of the most hazardous phases of mine-fire rignting
ops within a short time after temporary seals are erected, The men
1d be withdrawn promptly because an explosive mixture may form behind
seals before the oxygen is sufficiently depleted; such an explosive
ure can be ignited by the fire, and a disastrous explosion may result, :

s 1s the greatest uncontrollable factor in fire fighting; many men have 8
killed as a result of such an explosion because they did not leave the
e promptly after erecting temporary seals,

Tight permanent seals are necessary to exclude oxygen from a sealed

e, These should be built where the roof is sound and unlikely to be
turbed to minimize the possibility of leakage of.air through the strata
lying the coal bed, Provision should be made for sampling gases and
taking water-gage and tempernture readings behind fire seals, Leaks
und or through the seals, cracks, or breaks in the roof from the fire

on to the ventilatec part of the mine or breaks to the surface from
fire region will defeat the efforts to deplete oxygen, and the fire

11l be difficult or impossible to extinguishe

§  An important and often disregarded factor in sealed mine fires is the
"ggfect of ventilation on the seals and the fire territory behind the seals.
§ Miere the ventilating current passes by two sides of the sealed fire, such
§ 3 an intake on one side and a return on the other, a resultant difference i
”;ﬁ&apressure on the fire region may cause leakage through the seals or tle
| SWrrounding strata, It is desireable to have the same air current pass
| nall sides of 2 sealed “ire or to equalize the air currents so that

;““Ehtially the same pressure will be exerted on all sides of the sealed
uﬂTitory. Failure to provide for equalization of air pressure in many
instances has disrupted the control of oxygen within a sealed-fire region,

80 that unsealing and recovery operations were delayed unnecessarily,
mWiously, the foregoing conditions would not apply to a fire near the

46es of a pair of entries; seals would be erected in the entries, and the

T Pressure would be on only onc side of the fire sealse
Samples of the atmosphcre in a sealed-fire territory should be collected
only when the Pressure is outward because if samples are collected when the
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sure is inward they will be ‘contaminated by the air outside the seals

the results of analysis will be misleading, Samples should be collected

least once every 24 hours for several days after sealing, Analysis that
a continual reduction in oxygen indicate tight seals, and the colléctw

of samples can proceed at more lengthy intervals up to a week apart,

Interpretation of analysis of fire area gases is of utmost importance

in determining when it is reasonably safe to unseal the affected area,
bon monoxide in the analysis indicates an active or a recently active
re; its absence is not conclusive evidance that the fiﬁe is extinguished
t indicates thet flame and astive combustion probably have ceased, A fire
ggion should not be unsealsd to ventilate 4t unbil carbon monoxide has
ggappeared and encugh time has bsen allowed for the heated section to
Bol, Before it is uaseaied tne oxygen ccntent must be low enough to6 pree
nt the formation of an explosive mixture and its possible ignition,
ilable information on this subject indicates that when the oxygen cone

of a sealed fire territory has been reduced to 12 percent there is

le, if any, likelihood that an explosion will occur, However, it is
rable to reduce the oxygen content to below

tion in oxygen content,

Cs FLOODING THE FIRE AREA WITH WATER

To control a mine fire by flooding (1) the fire location must be such
water pumped or allowed to flow into the mine will flood the affected
n, and (2) enough water must be available for flooding,

balanced, When the mine was unwatered and air reached the hot gases

t had been dammed back the mine fire broke out again, A mine should not
flooded unless direct attack or sealing has failed, not only because of
uncertainty of its effectiveness but also because of the damage to the

and its equipment, and reconditioning is costly, In some instances
*COVery is not possible,

2. PROCEDURE

Following 1s a generalized procedure to follow once a fire is discovered,

Procedure may have to be alteréd some for specific cases; however, it

WL seérve as a guide in such cases,

- 1. The person who dis covers the fire should use water, rock dust,
 fire extinguishers, or whatever is at hand to smother it if it
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is small, at the same time calling for help,-
y. If the fire is toc large when first seen to be extinguished
by simple means; lLs Aﬁul’ run So thie nearesy teleghone, if
available, calling to the winers in the working places along
the way to get out at unes. Tf no 'blephor; is5 available he
should run to the men nearest him giving them Zne information
‘and then sending then to inform the other men in the mine.
s The mine forenan ghould also be notified immsdiabely,

The mine foremsn ohuv14 7 the rdne merager aad algo organize
#he fire fightinz pa 7t ot dellay,
Aq soon as the e r ereW 1o organized

tert work imme 3 e € ﬁir@.is" the Haire,

Nnen the fire #1 vig orow ass startad o work the mins
manager snon‘u +Hf1 wq» ifr all officials so *that they can
stand by to oifer any aaditional assistance that nhight te
required,
All men should be withdraurn from tane mine sucert tiwcse actually
engaged in fighting the fire.
‘The fire should be fought dirsct with water, chomicels, or
rock dust as long as rrogress can b: mude .
The ventilation should not he allerad : rles
life is involved, znd then only :if it is reasonabiy certain
that men will be able tc sscupe arnd will not bz caught by the
reversal, If reversal is %o be made; it must usually be within
10 or 15 minutes after the fire staris. Later is generally
too late, The fan should be stopped or the air current reversed
only when the man officially and legally in charge authorizes it.

T
[
_..< ;

3, PROTECTION OF THE FIRE FIGHTERS

rmissible oxygen breathing apparatus is highly important for all coal
There should be at least 6 units of approved self-contained oxygen
ng apparatuses, 6 units of approved all-service gas masks, and, if

e, 211 men should be equipped with approved self-rescuers.

1 fire fighting crews should be theroughly trained in the use of this
1t and no one not so trained should attempt to use said equipment,

e self-contained oygen breathing apparatus will protect a person in
osphere¢ and the all-ssrvice gas mask will protect a person in almost
sphere which contains sufficient oxygen for a flame safety lamp to
The self-rescuer will protect a person in an atmosphere containing
‘monoxide for about a half hour providing sufficient oxygen is present
lame safety lamp to burn.
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E. UNSEALING MINE FIRES )

1, GENERAL

The knowledge of when and how to unseal a mine fire is of extreme
ce in the mining of coal, If a fire area is unsealed too soon, the
to 1ife and property is increased. The premature cpening of sealed
fires is due most frequently to lack of knowledge of the inherent dane
g involved and to exireme eagerness to restore the sealed area to a pro-
tion basis, The control of fires by scaling and the time for unsealing
ed on established laws of physics and chemistry, as well as experience
| sound judgment of surrcunding civcumstances.
~ After the right time for unsealing is determined, an efficient organi-
jon with all necessary equipment and materials must be formed to under-
this task. Because unsealing a mine fire is hazardous, those engaged
e work should be safeguarded in every possible way,

2+ FACTORS GOVERNING TIME FOR UNSEALING

- Experience and scientific study have shown that no attempt should be
e to unseal a mine fire until the oxygen content of the sealed atmosphere
enough to make explosions impossible, until the carbon monoxide gas
appeared, and the sealed area given time to cool, Other factors
vern the time for unsealing fire areas are: (1) Extent and intensity
e at time of sealing; (2) character of burning material and overlying
a; (3) tightness of seals and enclosed area; (L) influence of barometric
e on the enclosed area; (5) position of the fire area with respect

ilation; (6) sampling and analysis of the atmosphere under sealy and
omposition of fire gases in the sealed area,

ae EXTENT AND INTENSITY OF FIRE AT TIIE OF SEALING

. The extent and intensity of the fire at the time of sealing will have
;kainite effect upon the sealed area. A large amount of burning material
1 hasten the reduction of oxygen but will lengthen the time required to

‘A fire that is active at the time of sealing will cause oxygen to
Wnish more rapidly than will a smoldering fire,

b, CHARACTERISTICS OF THE BURNING MATERIALS

‘The character of the burning material, the rate of burning, and the
nge of gas composition are factors that may influence rekindling when
¥ is again admitted, Coals that are high in volatile~combustible matter
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n faster and are more likelv to re
. The character of the strata ovarlivin: the coal bed and the compositicn
the bottom also play em importent part in determining the time for un-

2 Where the roof materiai is cutbustible, such as an oily shale,
pernating bands of combustible waterial, the heat generated by the
will be retained imuch longer: thms  increasing the chances that the

y will be rekindled when air is admitted. Corbustible floor material
y retains heat; therefore, when bthe “op

op o floor of the coal zeam is of

gtn of time that shovld a2lapse helween ses .

02 Ther should be made
] ibe; Tloor, and roof; and
be built where the rocf, v, ribs are sound, If there are
e leaks at the scals or it there are openings “o the surface that
t sealed anv effort to control oxygen and extinguish the Tire will

ed,
visions should he made for collecting air samples and taking water
2adings by placing pipes with suitable valves, reducers, ete,, in
more of the seals. Thsre shonld be a constant decrease in the per-
of oxyren in the samples cclliected from behind the fire seals, If
3 does not occur it usually can be attributed to leaky stoppings or
in the strata permitting air ¢ enter the sealed areca, If the

s are leaky or if the fire is likelv to burm around the stoppings
b have been erected, it is advisable to erect double stoppings.

d, INFLUENCE OF BARMIITRIC PRESSURE AND THPERATUDE

iy

If barometric pressure increases in excess of the pressure behind the
 air is likely.to enter ths sealed region. Similarly, if barometric
re decreases to less than that of the sealed region outward leakage
gh or around the stoppinegs will result, The latter condition assists
flally in reducing the oxygen and aids dissipation of carbon monoxide,
When the temperature outside of the mine is considerably lower than the
' : pressure on thne fire seals is likelv to occur, and
fie outside temperatire is somewhat higher than the mine temperature

d pressure will result,

The temperature within the sealed territorv also has influence on the
ion of pressure on the stoppings, When a fire is extinguished within
led region and cooling progresses, there is a decrease in volume and
inside the sealed region, which undoubtedly will cause inward

uUre on the stoppings,

Temperatures on the outward side of the seals do not necessarily

Cate the temperature within the sealed territorv; however, if any of
boppings are hot or warm, it is evident that the temperature within
S€aled region is high,
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e, BFFECT OF VEHTTLATION

o ey o e o s

| I the fire area is loca“~d where the intake current passes on one side

return current on the other side, the extinguishment of the fire may
longed due to leakage through the strata or stoppings induced br the
nce of pressure on the two sides of the fire sres.

3 e s e SIAe s i, M e 0 30

£. SAMPLING AND ANATYSTS OF ATMOSPHREX

P b v it 3 S s

accurate analvsis be
7 A
= B

d be ceilected from
%

b of the gases in the sezlad area, amy

d stoppings only when The pressurs is cuiward, as samples collected
fhere is inward prossure veually ere inancurste; consequently, they
ot representative of the secaled atmosphao:

COMPOSITION OF GASES IN THE SEALED AREA
Ee L o £

- - e

- It is recognized that the presence of carbon monoxide indicates active

cently active fire; the absence of carbon monoxide does nct always mean
b the fire has been extinguished, but rather that flame and more or less

e combustion have ceasad, It is not safe to unseal any fire until :
rbon monoxide has disappeared, Bven after the carbon monoxide has dis-
red it is advisable to allow ample additional time for the heated mat-
and strata to cool before the sealed area is opened and ventilated,
The gases found in sealed regions contain, in addition to varving per-
ages of methane, small quantities of hydrogen, carbon monoxide, and other
tible gases, Before an attempt is made to unseal a fire, the oxygen
e sealed region should be low enough to prevent the possible ignition
y explosive gases, It is desirable that the oxrgen be reduced to at
5t 3 percent and preferable below 1 percent before an attempt is made to
L a
Carbon dioxide contained in fire gases has little, if any, influence

' than +the displacement of oxygen in the extinguishment of a fire
' seal,

4 . 3, PREPARATTION FOR UNSEALING

e

. Before a fire area can be unsealed there are a few preparations which
P b be made: (1) an organization must be formed including oxygen breathing
: atus and gas masic crews and othzr necaessarv personnel; (2) all pere
ot o part of this organization should not be permitted in the mine;
1 necessarv equipment znd material should be assembled outby the
area; (4) all electric current to the mine should be cut off during
nsealing operations; (5) all slopes, entries, and crosscuts leading to
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.om the fire area shonld be heavily rock dusted; (6) any stoppings or
ces needed to insure thit the gases from the fire area "1Ll go directly
outside should be made before any atbempt to unseais {7) an atteniant
be placed at the mine fan to warn che men immediately if the far does

antinue to operate properly. :

L. METHODS OF UNSEALING MINE

" Before the seals are broken, a methed mus® be ountiiried in detail for

 recovery of the fire area. There are two methods in general use today, ]
recovery by use of air locks. and {?2) reccvery by vee of reventilation,

8 When the fire avea is large, the fire inaccessible; or bodies Lo be :
ered, the air locl method iz preferred. The reventilaticn metnced 7 s i
when the fire =ren can be expld \ Ly rescue crews under reazsonably safe

B 015 and when there is every indisation that the fire has been

a, RECOVERY 3Y USE OF ATR LOTK
An air lock consists of two stoppings =bout 15 ieet apart each egquipped
doors through which apparatus crews can enﬁer or take miterial. One
lof the air lock is kept closed at all tinme :
hind the seal on 4

An air lock is first constructed a short dlstance pehin
intake side of the fire area, ,
After this is completed and tests show that the oxygen content of the 5
area is sufficiently low so that there will be no danger of arn exe

ion, a fully equipped oxygen breathing apparatus crew procc eds through

ar lock and begins to remove the seal. During all of the reccvery or
aling operations a fully equipped oxygen breathing apparatus crew must
 kept in reserve,

.~ After the seal has been removed the cxygen breathing apparatus crew,

g a life~line or portable telephone, should explore to the point where
next air lock is to be erscted, a distance not over 500 feet, Here they
ould determine the amount of materisl that will be needed to build the inby
Pping of the nexi air lock, After close observations of the conditions
exist in this expicred area,; They should then return to fresh-air,

Next an apparatus crew, with o reserve crew at the fresh-air base,

ould construct thw irby stopning of the new air lock at the place selected
the exploring appositus evew. They should also construct any necessary ]
Ppings in opeq1ng cr. the intake sgide and on the parallel entry on the i
turn side opposite tuc point selected for the alr lock to insure resealing

[ the inby area.

After thJs ) s:«h o )
Llock opened to admit air to reventi-

ne arparatns crew qnon]d then erect

TLRSG A4

rdJ raturn side should be opened by an aDparatus
; i

S o m
P LCCKE s B

ittlce ClOth bLOP?iﬂﬁb ’P anyv crogscuus betwssn the dnbtake and return
T

~ Ll cledy

5 the last crosscut, which is left open, The amount

Thie



r admitted through the air lock doors should be carefully controlled,
the oxygen content low, until it is sure that there will be no ex-

or reoccuring fireq :

en this area between the air locks is completely reventilated the

sopping of the new air lock should be erected, Also suitable stcp=-
now be erected to replace the brattice cloth stoppings erected by

atus crew,

like manner, with the exception that no seal need be broken on the

ide, advances should be made by successive blocks until the entire
recovered,

be RECOVERY BY USE OF REVENTILATION

n recovering a sealed fire area by direct ventilation an air lock
constructed just outby the seal on the intake side of the fire area.
ly equipped oxygen breathing apparatus crew, with a fully equipped
reathing apparatus crew in reserve, should go through the air lock
the fire seal, Then using a life-line or a portable telephone

tus crew should explore and observe conditions within the fire

the observations of the fire area are favorable, then the apparatus

remove the seal on the return side of the fire area and open the
' the air lock,
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SECTION 6 RESCUE AND RECOVERY OPERATTONS

i o 5 ; o g PG S Mot Das it o
| The necessity of prompt and correct procev.rs to save live men who nay
oped, the safety of those ergagsd in the work; ard the prevention. as
i

possible, of additional property damage make rescue and recovery

dons after mine fives anc explcsions exvremely imporbait .

Immediately fcllowing the occurrernce of a mine fire or expiosion; and

ply for some time tuereaitelr; there 1= likely to be exciteneni, con-

1, and disorgeruzation among the officlals and workmen. Nsturaily. when

» management And workmon arc conirontes with conditions itnat are wnusual,
methods are li 5

he most imzor

rescue anc re

5 sed,

Sspdn S il )
proger equipmenvg (3)

Lre workes

B, ORGANIZATION

1, PRELIMINARY ORGANIZATION

" The necessity for a capable and efficient organization to carry on
ge and recovery operations after a mine fire or an explosion cannot
remphasizeds The personnel comprising the organization should be of
.ghest type obtainable and menbers of oxygen breathing apparatus crews
d be selected carefully and should receive thorough training and ine
on in the use and care of oxygen breathing apparatus and rescue and
ry procedure, They should be physically sound and fit to perform
jous labor under oxygen and should have good judgment and a cool, calm
tion,
To know what to do and how to do it anc to apply such knowledge promptly
may save the lives of trapped men and prevent needless risk and pos=
loss of life by men engaged in rescue and recovery worka. Lack of
ient organization after mine disasters frequently has resulted in loss
ife and property and in unnecessarily prolonged recovery operations,
Every mine should have an emergency organization of officials, oxygen
thing apparatus crows, and other selected employees who are trained to
charge and immediatzl; starh recovery operations after a disaster;
efore, before a fire o cxoleosion has occurred considerable thought and
sion should be devotec S merfecting an organization to function
sfactorily if a disaster should take place,
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. Jocal mine personnel including surface personnel shculd receive in.-

ction and training in the duties they are to verform individually and
sctively should a minz fire or explasion cccur ia their mine, They should
nformed where tools, brattice cleth, and other equipment and materi ds
. obtained, All personnel should be instructed that in the absence of
or authority they are to attend promptly to the most important things
_@otlfy"lmmedlatnly all officials, oxygen breathiing apparatus creus,
rs, and any cthor interesuved persomasl;
After the persommel has been organized and cther impertent matter
received zttention from the percon in charge, or have been delegatcd

! Sy > y
Eoonsible, relicblie. cnd compete , Preparatiecng should be r

B cnter the mine and st &0 cerations. When experienced

erground employess, Iui.ly 5 cen braathing apparatus anc gas
grews, gas detecting devices. and cther necessary equ¢9ment anc

rials are assembiod and ready, cecovery Wcrl shicuid be started.
FrArrangements sheould b2 made Lo nsbitein names of all men entering the
s when recovery work is storted. A reiiable man siould be cesignated

o

eck men in and cut or th2 min o soarch men geiing underground foy
thess lighters, and smckers® articlec; amd to prevent any but permise
electric cap lamps and flashlights and oproperly assembled pormissible

safety lamps in good condition from being taken into the mine,

2+ UNDERGROUND ORGANIZATION

The personnel comprising the underground organization is of the utmost
tance as the progress of the work, as well as the safety of all con=~

s Will depend on their knowledge and efficiency,

A man experienced in mine rescue and recovery work should be in charge
h underground shift as assistant to the man in charge of the entire
ry operations, One or more competent assistants and such other per-
1 as may be necessary to conduct recovery work safely and efficiently
d be assigned to the man in charge of the shift: The man in charge of
shift should be provided with an up-to-date mine map on whici should
ked, as the work progresses, the areas explored, stoppings erectec,
lation restored, location of bodies; cars, pumps, mining equipment,

lsy and other important data. Change of underground shifts should be

as quickly as possible so as to prevent interruption of the works The
n charge of the shift being relieved should discuss with the man in

e of the oncoming shift the progress macde and plans for future work,

» completing his shift ard reaching the surface, the man in charge of
LIt should report at the generzl headquarters to the man in charge of
frations and convey to thc lattcr the data noted on the mine map used on
#8hift and any other infoiwation of iupoitanceg

g ae OXYSEN BRAALTHING APPARATUS CREWS

«

3 Well trained crews, physically sound and experienced in the use and care
frv:en breathing apparatus and gas masks, are an essential part of any

% e




ation engaged in rescue and recovery operations, They sitiouid be pro-

with all the equipment, in excellent condition, necessary to coacust
ork successfullys When explorations are being made or otner work being
od on with oxygen breathing apparatus crews ahead of freeh air. at least
complete crews with adequate apparatus should be available, No ox2en
thing apparatus or gas mask crew should make an exploraticn or work in
ce of fresh air without a reserve crew at the fresh air base equbpel

h oxygen breathing apparatus in good conditione

b, BRATTICE CREWS

5

~ Brattice men, in charge of a foreman, should be provided to ercet
porary stoppings and line brattices of canves or other suitaple material
necessary, Temporary stoppings should be reinforced as soon as Pos-
s by stoppings of more substantial construction, As the work advances,
hould be assigned to patrol and keep tight the temporary stoppings
have been erected, :

. TRACK CREW,

oo B itaand

rack men, in charge of a foreman, should repair and clean track to
tate the movement of material to the advance workers and to remove

es as they are recovered,

de MATERIAL CREWS

"~ jlaterial crews, in charge of a foreman, should be provided to handle
d transport promptly and efficiently material such as brattice cloth,
ds, timbers, nails, food, tea, water, and other material from the mine

al to the advance Crews,

o MISCELLANEOUS CREWS AND PERSONMEL

~ Miscellaneous underground crews, as timbermen, laborers to clean up

1s, electricians, stretcher bearers, and others if necessary should be
rided in charge of foremen, All of the foremen in charge of the different
s, as well as the various members of crews and other underground person=
|, should be under the direction of the man in charge of the shift and
assistants, who, in turn, should be under the direction of the man in

ge of operations,

No person other than those directly engaged in the recovery operations
1ld be permitted underground,
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The surface organiza i
the equipmeit ané
Bhie facilitics for !

3 gations, anc 1o perform Varlcus cther nece

dercEoime 2

sary dutiss-

a, GENERAL HEADQURIERS

o —

| ———— S

~ A room or building near
i as headquarters fop th
hould have tables. ihai
able at general neadquiit {
to~date mine map should pe providsd au

on to indicate tne Progress A oTery operations
fferent shifts, foremen of crews, etc,, should report
a1 headquarters at the end of each shift so that officials, inspectcrsy

may be informed of what has been accomplished.

o anre

=
®
35

Eress

o3

. LAIP HOUSE

. S s R SRl

A suitable building or room should be provided for charging, issuings
iving, and repairing electric cap lamps and flame safety lampsSe Enough
ts should be on duty at all times to distribute lamps

house attendan
mine, to collect from those leaving the mine,

mptly to men entering the
) properly clean, charge, and repair the lamps being used; this lamp ser-

is important and it should be done wells

c. MESS ROOM

—— o sp—in  ppo———

Members of the underground and surface organizations, officials, and
tors must be fed. For this purpose there should be a mess in charge of

e designated person. The mess should be housed in a suitable building,

m, or tent and be provided with tables, benches, stoves, cooking utensilsy
shes, etc., SO that the persons assigned to this duty can have a supply of
t, wholesome food aveilable at all times for those engaged in the re~

ery worke

4, SLEEPING QUARTERS

Men engaged in recovery work should have a comfortable place to rest
and sleep where they will not be disturbed by the other wWorkerse This is

19
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tant because the work performed is strenucus a demands exvenaiture of
hysical and nervous energy. Therefore, if possible, separate siecong
! £t in order what thsy

A
_oters should be provide! for the men of each shif
- obtain the maximum amount of vest while off Auty.

THTA TS AT 3 T
2q APFARATUS ROOM

——n e o T T

A room should be available in which to store, charge, and repalr oXveen
thing apparatus, gas masks, and acce Seo There shcuid be on esach

ft at least two men competent to ¢ ; harge, test. and repair oxyzen
athing apparatus and gas masks woin LY the underground cravs.

W
=
—
3
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@ e
)
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a1 Joss

A fully equipped emergency hospital, with doctors ané aurses in atter
ance, should be established in a suitable building. Men found alive in the

e may be affected by noxious gases; severely burned, or otherwise injured;
" some of those engaged in recovery work may require immediate hospital

§ attention for injuries or effects of irrespirable gases, Provision should

| be made for receiving the bodies of those killed in a mine disaster and
preparing them for burial, :

ge ¥ SCELLANEQUS CREWS AD PERSONNEL

Miscellaneous surface crews, responsible to foremen, should. be avpointed
to obtain, handle, and transport material required underground to the mine
opening or to the bottom of the shaft, to pass out and check equipment and
supplies, and to perform other necessary dutiess

A1l of the officials, foremen in charge of crews, and other surface
workers, as well as the underground workers, should be under the direction
of the man in charge of operationse

m—aa o v A O

C. TQUIFVENT

p The safety and protection of men engeged in rescue and recovery operat-
ions demand that an ample supply of the pwoper type of protective, detective,
lighting, and fire-fighting equipment in first-class condition be available,
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1, SELF CONTAINED OXYGEN BREATHING APPARATUS

The self-contained oxygen breathing apparatus is the oldest dewvice
by which man is enable to live and work when surrounded by asphyxial gases
and is still the only device that will protect the wearer against poisonous
mine gases regardless of concentration or against atmospheres containing
little or no oxvgen, :

With this apparatus the wearer is furnished an adequate supply of
oxygen direct from the apparatus, Therefore, the supply of oxygen is
completely independent of the atmosphere in which  the wearer is working;
thereby, protecting him in any type of atmosphere, whether deficient in
oxygen or highly concentrated with poisonous gases,

There have been several such apparatus developed since the first by
Professor Schwann was displayed at a fair in Belgium in 1853, Today
there are still several different types on the market, .

a, THO HOUR McCAA

This is a compact, self-contained unit carried on the back with enough
supply of oxvgen to give full protection for a minimum period of two hours,
The apparatus consists essentially of a steel cylinder containing the sup-
ply of oxygen under high pressure (2250 pounds per square inch when fully
charged), valves to control the pressure and circulation of the oxygen, a
cooler and rubber breathing bag which functions as a low pressure oxygen
reservoir, breathing tubes and mouthpiece, and a regenerator for purifying
the expired breath by removing carbon dioxide from it, The total weight
is approximately 40 pounds,

CIRCULATION OF AIR

Oxygen from the cvlinder passes through the closing valve into the
reducing valve; from the reducing valve, at lowered pressure, through the
oxygen supply tube to a metal tube, enclosed in the cooler, to the admisw
sion valve; operation of this admission valve is controlled by the wearerl's
lungs and when opened by an inhalation admits oxygen to the breathing bag
and then to the ccoler, from whence it goes through the inhalation tube
and the inhalation valve in- the mouthpiece to the lungs,

On exhalation, the air, somewhat diminished in oxygen and containing
from 4 to 6 percent carbon dioxide passes through the exhalation valve
and then the exhalation tube and on into the bottom of the regenerator,
The air, still containing carbon dioxide, then passes upward in the re-
generator through the "cardoxide" which absorbs the carbon dioxide; then
the purified air passes to the cooler where it joins and is enriched with
oxygen supplied through the admission valve as required, Then the air
passes to the breathing bag from which breathable air is drawn by the
wearer at the next inhalation, The by-pass valve furnishes oxygen direct
to the wearer independent of other working parts of the apparatus,

8l.




be M.S.A. ONE-HOUR OXYGEN BREATHING APPARATUS

]

The operating principle of this machine is very similiar to tie two-
hour McCaa. - It is smaller and more compact and is made in two models, one
to be worn on the back (zk pounds) and the other to be worn on the chest
(L8 pounds) .

This apparatus is especiclly adaptable as an officialls apparatus for
initial exploratory work and in directing rescue operations,

Co M,S.4. DEUAIN ATPAATUS

i M e i -

In this apparatus air is supplied from a bottle of compressed oxygen
through a demand type regulator to the face piece of the wearer, The
exhaled breath is expelled directly to the atmosphere through an exhalation
valve in the facepiece, It is good for only 30 minutes and weighs 32 pounds.

CIRCULATION OF AIR

Oxygen or air flows from the cylinder through the high pressure cone.
necting hose, past the by-pass and mainline valves to the demand regulator,
Here, the pressure is reduced to breathing pressure and supplied to the
wearer upon his inhalation demand, passing through the breathing tube
into the facepiece and across the lenses where it removes any fogging pro=.
duced by the moisture in the exhaled breath, On exhalation, the flow to the
wearcr stops and the exhalcd breath passes to the outside air through the
exhalation valve,.

de eS.4, CHEMOX, OXYGEN BREATHING APPARATUS

This apparatus has a breathing circuit which operates independently of
the outside air even though it does not contain a supply of compressed
oxygen, The oxygen is furnished from a replaceable canister that contains
a chemical which liberates oxygen in more than sufficient amounts when this
chemical comes into contact with the moisture from the exhaled breath, The
chemical in the canister also absorbs the carbon dioxide from the exhaled
breath; therefore, chemox gives complete protection for the wearer in all
atmospheres, It weighs only 13} pounds,

OPERATION OF CHEMOX

The chemox selfw-contained oxygen breathing apparatus is approved by the
United States Burcau of Mines for a period of L5 minutes and at temperatures
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above 20 degrees below zero. The Chemox apparatus is equipped with a timer
that tells when the 45 minutes is up; however, in the event that the timer
fails, there are also other indications that show that the canister is

approaching the end of its service life, First the lens of the facepiece L
will begin to fog during inhalation and then the breathing bag will start |

to gradually deflate,
The canister of Chemox can be stored indefinitelv until it has been
opened; however, once a canister is opened it will last for only 45 minutes

to an hour and even though it is only used for a fraction of that time it
must be thrown away as the chemical action still continues to take place,

e

When throwing awav a Chemox canister it should first be punctured on the
front, the back, and on the bottom with a small clean nail or tool and
placed in a nearly full bucket of water, After the bubbling ceases, in=
dicating complete exhaustion of the chemical, the canister can be discarded,
The water, which is caustic, should be poured down a drain or disposed of ;
in some other satisfactory manner,

After the chemical action has started in the canister there mayv be
an excess of oxygen admitted to the breathing bag, When this happens there
will be heavy resistance to exhalationj however, there is a pressure relief
valve that will release the excess pressure and make breathing once again
€287,

In the Chemox self-contained oxygen breathing apnaratus there are ‘
several parts, whose purpose is as follows:

Breathing bag <~ To provide a breathing reservoir and to cool
the oxygen coming from the canister,

Hard rubber tubes in the breathing bag -~ To insure proper cir-
culation of the oxygen through the breathing bag,

Plastic spacer between the inhalation elbow and the plunger '
casting =~ To serve as an insulator using the air space
to prevent heat transfer and thus a2id in maintaining
cooled oxygen for breathing, :

Metal deflectors in the facepiece == To insure that the dry
inhaled oxygen is directed across the lenses preventing
fogging, .

LIip around the inside edge of the facepiece ~- To prevent leakage
and provide a comfortable fit, -

CIRCULATION OF AIR

The circulation through the Chemox self-contained breathing apparatus
is as follows: The exhaled breath passes from the facepiece through the
exhalation check valve and exhalatioh breathing tube to the canister,
passing down the center and up through the chemical removing the exhaled
carbon dioxide and moisture, and evolving oxygen to mix with the exhaled
oxygen, The oxygen flows into the bottom of the breathing bag on the ex-
halation side through a hard rubber tube and is directed to the inhalation
breathing tube then through the inhalation check valve to the facepiece,
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USING
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In putting on and USWU( reathing
apparatus the following is o the |
United-States Buiean of ;
1. Unfasten and g%
2, Hold apparatus 1
5. Fasten snaps on e }
canistar helder By QAits o
permit free hsar Pu
4, Attach waist strap i bom of canister :
holder and pull uy the leose unlaz i
5, Remove the metal : s the matal %
tab straight ow ross tne top Lha cap,
Make sure snﬂt cardooard ;193: re removed exposing
the copps:y foil sgesl. In i the canister inte the csnister
holder wit % the si ' e 2 froat, and scraw up the hand
" wheel until the bor 1s fimmly engaged, '
6, Put on the faceplece as follows: See that straps lie flat against '
head; tighten lower or neck straps; tighten the side straps;
place both hands on headband pad and push in toward the neck}
repeat operations of tight@nin@ lower straps and side straps;
" tighten forehead or front strap if necessary,
7¢ Squeeze both breathing tubes with one hand, break the seal of the
~ facepiece against the chesk with finger and inhale, then releasing
breathing tubes and facepiece exhale into the apparatus, This
must be done in frech air, P@Deou this kro~ﬂdurﬂ until the
breathing bag is fullyv inflated, Deprego the pressure relief
valve and force the air from the breathing tag, Reinflate the
breathing bag by repeating the starting instructions, The chemox
should be stcred and started at temperatures above 32 degrees
Fahrenheit, When the apraratus is stored and started at temperatures
above 32 degrees Fahrenheit, it may be worn in temperatures down ;
to minus 20 degrees f ahrenuevt Jnen starting the apparatus at
temperatures near freezing, more inhalations from the outside
air, with exhalation into the canister, may be recuired to produce
the proper chemical reaction, The best procedure is to keep fully
inflating the breathing bag, then deflating it with the elbows
until a total of about 15 exhalations have been put through the
canister,
8. To check the complete apparatus for tightness do as follows:

a, Grasp the lower end of the inhalation breathing tube and squeeze
it tightly, Inhale, and if the facepiece collapses, the
facepiece seal is suf Fficiently tight and the exhalation valve
is functioning properly, This will also test the upper part of
the inhalation breathing tube for leaks,

b, Continue to squeeze the lcwer end of the inhalation breathing
tube, Depreso the pressure relief valve button, It should
then be possible to exhale through the valve, While still
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holding the button down, inhale, and if the facepiece collapses,
the relief valve is functioning properly.
cy Release the inhalation tube and squeeze the lower end of the
exhalation breathing tubeo, Inhale, and then exhale forcibly, .
The exhaled air should be forced out between the face and the
facepiece only, This will indicate that the inhalation valve
is functioning properly and the upper end of the exhalation
tube is free of leaks,
de With the bag well inflated, grasp the upper ends of both breath=
ing tubes and depress both sides of the breathing bag with
the elbows. If the breathing bag does not deflate, the complete
apparatus is tight.
9« Breathe normally as the apparatus furnishes enough oxygen to meet
any breathing requirementss
1Q, Set the timer at the stop and when it rings, return to fresh air-
(45 minutes),
11, There is no need to purge nitrogen manually from the system as
‘more oxygen is produced than is consumed, and excess pressure is
released through the pressure relief valve simultaneously purging
nitrogens

2. GAS MASKS

a, GENERAL

The limitations of a gas mask in air are exceedingly important, because
gas masks do not supply the oxygen necessary to support life ana they can
remove only relatively small percentages of poisonous gases fron air other-
wise suitable to breathe,

For these reasons the gas mask is limited to respiratory protection
in coal mine atmospheres where a flame safety lamp will burn and can be
used safely; also, to atmospheres that do not contain a high concentration
of poisonous gasese

bs M.S.A. ALL-SERVICE GAS MASK

The all-service gas mask is approved for respiratory protection to
the wearer in mine atmospheres containing smokes, dusts, vapors, or mists
only if (1) a flame safety lamp will burn, (2) there is not more than 2 per=
cent by volume of organic vapors, acid gases, or carbon monoxide, (3) there
is not more than 3 percent by volume of ammonia, and (L) there is not more
than a total of 2 percent by volume of any combination of poisonous gasese

The nominal service time of each canister is two hours total service
(continuous or intermittent); however, if any unbreathable gases are
noticed by the wearer. the canister should be changed immediately.

The timer on the all-service gas mask is a mechanical device which
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registers the number of respirationse This is then transmitted to a pointer
which makes a complete revolution on the dial in about 2 hours,

To test the all--service gas mask for lsaks you should (1) see that all
gaskets are in place at all joints, (2) cormect timer io canister and then
to the mask, (3) adjust mask to face and head, {L) hold hand over opsning

in bottom of canister and inhale gently. If there are no leaks the facepiece
will collapse on the face.

After a canister has been used it should be plainly marked and then
thrown away,

a5 GL 1\ RILJ

ae e Sk oy

Although the self-rescuer is nct actually a piece of equipment essential
to rescue and recovery operations, it is nevertheless a very impcritant
piece of equipment used for protection of a person, Members of the self-
contained oxygen breathing apparatus crew and the gas mask crew should
each have a self-rescuer, Also, sufficient units should be stored in the
rescue station so that mine rescue and recovery crews could take the units
underground in case of fire or explosion, thus giving trapped men an
opportunity to leave a barricaded section,

The purpose of the self-rescuer is to provide an individual with pro-
tection from carbon monoxide for at least a halfwhour in an atmosphere con=~
taining enough oxygen to support life, and thus help him to escape from a
mine in which a fire is burning, an explosion has occurred, or his other
protective devices have faileds It is not intended for use by parties
attempting the rescue of others, but was designed purely as an emergency
device for self=-rescue purposes,

be MuS.A, SELF-EESCUER

The M.S¢A¢ selfw=rescuer is approved by the United States Bureau of Mines
for self-rescue from carbon monoxide and smoke for a period of one-half hour
providing there is sufficient oxygen in the atmosphere for a flame safety
lamp to burn, It weighs 13~ ounces ready for use.

The replaceable cartridge of the “selfwrescuer contains cotton filter
pads for protection against smoke, It also contains a chemical (hopcalite)
which changes carbon monoxide into carbon dioxide,

To inspect this cartridge to be sure that it is still usable, remove
the cartridge from the body of the selferescuer. Examine the lids of the
cartridge, which are vacuum sealed, if the lids are tight the vacuum has
not been broken and the cartridge is in condition to use. Before putting
the cartridge back into the body of the selfw-rescuer examine the rubber
parts of the body, mouthpiece, and latex diaphram of the exhalation valve,

The procedure for putting the self-rescuer into service is (1) remove
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the unit from the case and plastic bag, (2) break seal of cartridge by
1ifting up the lever, (3) puch plunger loczfed at center cf cariridge, (L) }
place mouthpiece enc nose #Lip in pesition, and (5 bighten neck strap,

i1

Safety and gcod aining practice vequire tngt ample nea
for the detection of mine La =5 Ly comuensnl persons design,
The necessary devices for d :5 aere permisegivle flame safety
lamps, U.C.C,, M-5.2., oI icators, carbon monoxide de-
tectors or canaries, anmL esanalysis outfits, Sufficient

peration of the gas-detecting

s he nrovided :
T

"1 3 ne J]‘ﬁ e

se devices ghewld be used
and thsir limitations.

Men engaged in rescue ancd recovery opercitions in co;l ixines should be
provided with permissible electic cap lanps or flcshlights,; or both, for
illumination, In some instances permissible fleoilights can be used to
advantage, Where permissible electric cap larps are not regular mine
equipment, at least 50, with nevessary'eq41)m<1t i “ha“@lng and repair-
ing, should be provided for use in recove cperatbilons

6. YTRE EXTTHGULL

T i R 4 S

Several portable fire C‘zlLHU'Shor% rnck dust, and water should be
available for use Ly the rescue and recovery Crewss This is essential as
when exploring areas that have once been unler fire the fire may reoccur,
Also, it is possible that after an explosion while rescue and recovery
operations are going on a fire will start and if the proper equipment is at
hand this fire can be stopped before it gets out of controls

wors, axes, saws, sledges, hatchets, picks,
amers and trowels, pipe wrenches; @ad other

shovels; bnrs: :
be aveilable.

necessary t00iS

ted Lo use thems :



8, TELEPHONES

Enough telephones always should be available, if poseible, at the
base of operations and at such other places as may be reccssary to keep
contact between those engaged in the recovery work undergroand snd those
assisting in various capacities on the surface, After an explosion, as
recovery work progresses, the telephone system should be kept in proximity
to the fresh-air base; howsver, under certsin conditions the common types
of outside and mine telenncnes can ignite an expiosive mixture of gis.
Therefore, permissible typc telephones should be used in mines during
rescue and recovery operations,

Portable telephones that cporate withcut batteries have been deraloped
so that they can be used efficiently and satisfactorily for comminicaticn
between oxycen breathing apparatus or gas mask crews and the fresh«alr basee
One such type that is approved by the United States Bureau of Mines is the
M,S.A, Maskfone, It permits clear, two-way voice communication between
men equipped with masks or breathing apparatus, Sound--powered and com=
pletely selfw-contained it employs no babteries or other external power
source, A revolving reel is used to play out cable as the mask wearer
moves about, The cable connection to the mask can be broken quickly
to provide complete working freedom, This tvpe of telephons can be worn
by anyone wearing a M.S.A., all-service gas mask or a chemex selfw.contained
oxygen breathing apparatus providing they are equipped with a cleartone
speaking diaphragm facepiece, '

94 MAPS

Mine maps, with the latest possible extensions of surveys, should be
provided as soen as possible after a mine fire or explosion, One of these
should be posted in the general headquarters on the surface and additional”
copies should be available for the men in charge of the underground shifts,
captains of oxygen breathing apparatus crews, inspectors, and others who
may require a copy.

A disaster map for emergency use, on which is noted the direction of -
yentilation in each entry, location of overcasts, doors, pumps, elevations,
and other information mav be of much value after a fire or explosion,

.

10, LOCOMOTIVES, ANTMALS, CARS

To expedite the movement cf material, bodies, etc,, after a mine
disaster, means of transportation should be provided, -After a mine fire or
an explosion, all electric power should be cut off the wine; it will be
unsafe to use trolley~pole or cable~reel locomotives, ‘That there mav he
motive power for haulage purposes, permissible storage-battery locomotives
or animals, such as mules or horses, should be provided, Enough mine cars
in pood condition should be available for transporting equipment, materials,
bodies, etec, ;
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11, PUMPS

Mine pumps of various designs and sizes should be available. Main
pumps should be put in operation as soon 2s possible to prevent flooding of
the mine or sections of a mine. Field or gathering pumps also should be
provided to remove water collected in places that would interfere with
recovery work and to supply water for fire fighting and other Jurposcs.

12, MISCELLANEQOUS EQUIPMENT

Additional miscellaneous equipment and devices that may be required
and should be provided as needed are anemometers, thermometers, water
gages, oxygen inhalers, stretchers, blankets, first-aid supplies, life
lines for apparatus crews, mortar boxes, buckets, elce

D. MATERIALS

The materials required for conducting recovery operations to a cone
sidersble extent will depend upon local conditions and the nature of the
work, Every effort should be utilized in procuring and making available,
when and where needed, the materials required to conduct recovery work
efficiently, Lack of necessary materials will retard recovery operations
unduly and also will add to the hazard of those cngaged in the work,

1, BRATTICE CLOTH

Brattice cloth will be required for temporary stoppings when a mine
fire must be sealed, If the area or mine involved in an explesion is
extensive, a large amount of brattice cloth will be required for temporary
stoppings, line curtains, and other purposess An ample supyly of this
important material should be available at all times,

2« LUMBER

An adequate supply of boards of various sizes, planks, two-by-fours, -
etc,, should be provided as required for the construction of doors, for
repairing or rebuilding overcasts and air locks, and for other uses,
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3, NAILS AND SPIKES

An ample supply of nails and spikes of various sizes should be avail-
| able, If numerous stoppings are to be erected and other construction work
is necessary, a large supply of nails will be nzcessarye

Lo BRICES

Bricks, are very useful for tuilding permanent stoppings and overcasts
following an explosion and for erecting fire seals when a fire must be
sealed, Therefore, a gecod supgly should be kept on hand at all times, ;

& CHIENT
oo G-

| sufficient cement should be available for mortar when brick, rock
stoppings or other masonry work are to be erected and for more extensive
use if concrcte stoppings or other concrete work is necessary.

'_ 6, POSTS AND TIMBERS

A generous supply of mine posts, cap pieces, wedges, and heavy timber
should be provided for roof support and for erecting canvas or board
stoppingse

7. PIPE AND PIPE FITTINGS

Pipe of various siges, with an ample supply of sleeves, elbows, tees,
unions, reducers, valves, etc,, should be provided for extending water
lines, for suction and discharge lines for pumps, and for other purposes as
may be requireds

8, MISCELLANEOUS 1ATERIALS

B In addition to the above, other miscellaneous materials such as rock
dust, ties, rails, frogs, switch points, track spikes, etc., and repair
parts for equipment, devices, and machinery should be provided as required,
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£, RECOVEKY PROCEDURE

Proper recovery procecure is very important as improper procedure may
sacrifice possible chance of rescuing persons leflt alive in a mine after an
explosion and may also result in loss of 1ife of men engaged in recovery
work, As soon as possible after an explosion the fan should be inspected
and kept running with an attendant in charge; electric current should be
cut off from the minej and a checking in and out system establisheds

Rescue and recovery crews, with other personnel and necessary equip«
ment and material, should be assembled promptly as indicated in previous”
discussion of organization, equipment, and materials,

1. RESCUE AND RECOVERY CREWS

Rescue crews comprise men equipped with gas masks or oXxygen breathing
apparatus and especially trained and equipped to make explorations, perform
- work in bad air, and, when the occasion arisesy to rescue living men,

Recovery crews are composed of brattice men, men for handling and
transporting material and bodies, drivers, telephone attendants, timbermen,
trackmen, road cleaners, and other miscellaneous personnel.

Rescue crews work in close cooperation with recovery crews by making
explorations ahead of fresh air to reach live men, locate bodies, test the
mine air, look for fires, and erect stoppings where respiratory protection
is requiredy

2, ESTABLISHING VENTILATION

If the ventilating fan has not been destroyed or damaged it should be
kept running; with the fan running normally, ventilation will be established
only to the point where stoppings have been destroyed by the force of the
explosion, '

If it is impossible to operate the fan, repairs or replacements should
be made immediately as little or no recovery progress can be made without
adequate ventilation. Advantage should be taken of any natural ventilation
that may be established to make a preliminary examination of the region of
mine openings and for a short distance inside the minee. :

3, ENTERING IINE AND ESTABLISHING FRESH-AIR BASE

When the necessary organization has been formed equipment and materials
assembled, and ventilation established, exploration of the mine should be
started. ‘

The officials in charge of the shift should check the crews going
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underground to see that everyene is properly equipped for the work at hand
and that only persons whose services may be of definite use are allowed to

go into the mine.
On entering the mine, the rescue and recovery Crews should advance in

fresh air to the point where ventilation has been destroyed and establish
a freshwair base outby that point,

¥

EliESTABLISHING TELEPHONE COM/IUNICATIONS

Portable telephones may be used to advantage to keep in touch with the
outside when the crews are first advancing; however, as recovery Wwork DIroe=
gresses, the telephone system should be extended and adcditional televhones
installed so that there will always be telephone commication between the
advance crews and the freshwair base or the outside, Ordinary type tele=
phones should not be installed or left where they are likely to come in

contact with explosive gasSe

5, EXPLORATIONS AHEAD OF FRESH AIR
a, GENERAL

After a fresheair base has been established, exploring should be done
ahead of fresh air by rescue CIews wearing oxygen breathing apparatus or
gas masks to look for 1ive men and fires, locate bodies, and observe con=
ditions, Exploration trips ahead of fresh air may be performed largely by
gas mask Crews if it is fairly definitely known that masks can be used
safely. Oxygen breathing apparatus crews should be held in reserve to
support gas mask CIrews, “Then oxygen breathing apparatus crews are working
shead of fresh air, another oxygen breathing apparatus crew, fully equipped
with apparatus adequately charged and in good condition, always should be
held in reserve at the fresh-air base.

Tt is always advisable to make short trips ahead of fresh air unless
a longer trip is absolutely necessary to save 1life or %o do other work
positively required for the continuance of the recovery operationss

by PRECAUTIONS

Before actual starting an exploration ahead of fresh air all members
of the rescue crew should carefully examine their oxygen breathing apparatus
or gas masks, life line, portable telephones, and any other equipment to
make sure that everything is in perfect working conditione

The captain of the rescuc crew should then be given definite instruction
by the man in charge of the fresh-air bases, These instructions should in-
clude such things as the extent of the trip, distance to travel, things to
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observe, time to be taken in making the trip, emergency signals, etc,

PROCIDURE

e

i

On leaving the fresh-air base the rescue crew should travel but a very
shert distance ahead of fresh air and than stop, They should then examine
their apparatus to make sure it ig airtight and fanctioning properly., Then-
carrying a life 1line and a batteryless.type portable telephone, if possible,
they should proceed slowly, in singie file, about 6 feet apart,

As the rescue crew advanses thsy should mark with chalk (1) the direction
of travel, (2) arrows pointing teo the fresh.air base, (3) the name of the

crew captain at the farthest point of the trip, ond (4) the day, month, and
year on the faces of ail rooms, enveies, atu, Thev should examine the roof
and roadway and carefully rotc the conditions so they can report thelr obe
servations to the man in charge when they return to the fresh-air base,

Good judgment and common sense are required to conduct exploratory
work ahead of fresh air safely and efficiently. The rescue crews should
have regard at all times for their own personal safety and should nét act

in haste, but in accordance with previous instructions and training.

64 RESTORING VENTILATION

If no fires are found after exploring ahead of fresh air for some dise
tance, possibly through several break-thrus or crosscuts, to ascertain
conditions, the next step is to erect the necessary stoppings to ventilate
the explored region, After ventilation is thus restored, the fresh-air
base is then advanced and the prccess of exploring ahead of air is again’
repeated, This process is kept up until ventilation is restored through~
out the entire mine,

a2, STOPPINGS

If an explosion has affected a large area, many temporary stoppings
will be required to restore ventilation, Temporary stoppings should be
made as mearly airtight as possible and strong enough to withstand the.
pressure that will be required to carry air to the face regions, lemnp-
orary stoppings should be set far enough inside of crosseuts or other
openings to leave space for the later construction of stronger and tighter
stoppings,.

As recoverv work progresses, a large number of temporary stoppinzs
mey be in use, and to insure that these are kept tight and in good condition,
men should be appoinied on each shift to patrol and keep the temporary
stoppings as nearly airtight as possible, :
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b, REIOVAL OF AFTERDAIP

In ventilating any portion of a mine after an explosion; the after-
damp should be conducted to the outside by the most direct route, Fer-
mitting the poisonous gases to travel through other sections of a mine may
seriously endanger the lives of survivors of the explosion or persons
engaged in the rescue or »ecovery worke It is extremely dangerous after
an explosion, to permit air to travel through unexplcred portions of the
mine. Unless this vital precaution is taken, an explosive mixture of gas
may be brought in contact with a fire, thereby causing another explosion,

A1l entries and rooms. if poussible, should be cleared of afterdamp
as work advanccs. If tiis is not done explosive, asphyxiating, or polscn-
ous gases may sesp Iiom bratticed-off a"aabv enter the ventilating current
outby the point where recovasy work 13 in progress, and ssricusly aifect
members of the rescue or recovery crews or possibly cause an explosione

7. EXAVMINING FOR AND EXTTNGUISHING FIRES

Since timbers, gob, dust, and coal are likely to be set on fire by
the heat and flame of an explosion, smoldering fires and sometimes active
fires are likely to be found by the rescue crews exploring ahead of fresh
air; therefore, when exploring ahead of fresh air, rescue crews should
make a careful examination for fires, After the fresh air has been advanced,
a continual check should be made of the return air current for any signs of
fire,

‘When a rescue crew finds a fire, they should immediately attempt to
put it out with water, rock dust, or fire extinguishers before the fresh
air is advanced, However, if the fire is of considerable size or is in-
accessible and it cannot be extinguished by direct methods, it should be
sealed promptly and effectively,

8. RESCUE OF LIVE MEN

Usually live men found after an explosion are suffering from poiscnous
or asphyxiating gases, burns, or injuries, Men thus found in an atmosphere
containing afterdamp should have an oxygen breathing apparatus or, if suf-
ficient oxygen is present, a gas mask or self-rescuer placed on them im~
mediately and then carried to fresh air,

As soon as possible after live men are brought to fresh air, they
should be given oxygen to breathe and artlflcial respiration if their breath-
ing is slow,

When live men are found behind barricades erected to protect tueiis .
selves from afterdamp, great care should be exercised to prevent poisonous
or noxious gases from entering the barricade while men are being rescued,
If fresh 2ir can be advanced to the barricade in a short time, it should
be done; however, if this is impossible provision should be made to admit
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the least possible amount of bad air behind the barricade when it is opened
to rescue the men,. This can be done by erecting a tight stopping, with a
small opening covered with canvas, a sufficient distance outby the barricade
to allow room to set a stretcher lengthwise between the stopping and the
barricade, After the stopping has been erected, an opening large enough
to admit an open stretcher should be made in the barricade and covered
immediately with canvases. . : :

The men found behind the barricade shoulc be provided with the neces=
sary protective equipment and taken to fresh air. All rescued men should
be taken to a hospital for further observation and treatmente

9, HANDLINE BODIES

After an explosion, dead bodies may be found in various parts of the
mine, All bodies should be wrapped in brattice cloth or canvas by the ree=
covery crews and transported to the outside. A tag bearing the location
where the body was found should be attached to each body, The location,
position of the body, and the name should be marked on the mine maps,

i

10, RETIMBERING

Since the force of an explosion will orobably knock out many timbers,
the roof will be weakened; therefore, it is necessary for the timber crews
to replace these timbers as soon as possible in order to protect those
engaged in the rescue operations that must travel along the path of the
explosions g

11, CLEARING ROADWAYS

Roadways should be cleared and repairs made to the haulage tracks as
soon as possible after an explosions As previously stated transportation
of material and bodies and the recovery work in general will -be greatly
facilitated if the haulage tracks and haulage equipment are made available
for the rescue crews to uses . :

*

12, PREPARATION FOR RESUMING OPERATIONS

After the area affected by a mine explosion has been explored, the bodies
removed, fires extinguished or sealed, and the inspectors and mine officials
have completed their investigations, crews should be set to work building
permanent stoppings, cleaning haulage roads and air courses, and making such
other repairs as may be necessary to safe operation of the mine,
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SECTION 7 COAL MINT ACCIDENTS
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Almost all hazards tust endanger *the lives of workers are within human
control except these resnliling from the elements, such as lightning, hur-
ricanes, and those of similar nature which are sometimes called "acts of
GOC"L“ a

Coal mining is ons of the moet hagardous of the tmportant industrial
occupations; however, almoct all of +he hazards are controliabie, The
following discussion will show the causes of the most common coal mine
accidents and what can be done to help prevent them,

W

Removal of coal usually causes movement of the overlving strata,
which results in cracks and breaks in the roof rock, Some roof material,
such as shale and coal, will yield before falling; however, harder rock
that does not yield, such as some sandstones and limestones, may break
with 1little or no warning, Falls of mine roof are most common within a
short time after the roof is first exposed bv the mining of coal. A
piece of material that falls unexpectedly from the roof, face, or rib is
usuallv considered an accident, If a workman is struck br the unexpected
fall an injury or death may result,

Workers who travel about a mine are not so likely to be struck by a
loose piece of roof because thev are exposed only a relatively short time
to any single piece; however, a miner probably spends most of his time at
work within 25 feet of the face and when a fall occurs unexpectedly he
generally is in the danger zcne. :

Moisture from the air which is deposited on the roof is considered
to be a cause of rock disintegration because it reduces the strength by
its weathering action on the roof and causes the roof rack to swell,
crack, and "spall off", :

Another cause of accidents of this nature is a "bump", which is a
sudden rupture or settling of coal pillars or of coal from an advancing
entry or room face, When a bad bump occurs, coal is thrown from the face
or ribs in large and small fragments; the floor is upheaved; timbers are
broken, crushed, or thrown out; cars are overturned or smashed; draw slate
or loose pieces of roof are thrown down; and a wind blast produces a dense
cloud of dust, sometimes accompanied bv gas, Bumps as a rule are not too
common in coal mines; however, the term is sometimes applied to the popping
noises which are heard in the roof when pillars are being mined,

‘ A mining method that does not suit the natural conditions of the mine
is often the principal cause of difficulty with the roof, - The dimensions
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of rooms, and pillars are governed largely by the character of the coal.
roof, and floor; pitch and thickness of the coal bed; and thickness and
kind of overburden. The rooms shculd be narrow and the pillars wice enough
to be safe, Where the mine roof and floor are strong, pillars that are too
small to resist the overlying weight will begin to crush or squeeze. When
the roof or floor are soft and the pillars are too small to support the
overlying weight the pillars push into the floor or roof, The roof of
haulage roads and air courses is often weakened where areas have been
worked out too close to the haulageways or air courses.

2o PREVENTION

Inspection of the roof is the greatest factor in the prevention of
this type of accident. A glance at the roof sometimes is all that is nec-
" essary to inform the miner that it is dangerous, but in other instances
visual observation gives no indication of the condition of the roof, The
roof generally is tested by striking it with a bar or some other: tool.
© If it is solid when struck, a ringing or bell-like sound is produced. A
drummy or hollow sound indicates a break in the roof,

The exposed roof in every active working place should be tested fre=
quently, and in some places it may be necessary to test it every few minutes
throughout the shift. Noises made by mining machines often prevents work-
men from hearing the preliminary chipping or cracking that precedes the
fall of large masses of overlying materials, The precaution of stopping
machines frequently must be taken so that the roof, face, and ribs can
be tested properly.

Most accidents from falls of roof and coal are due to insufficient or
improper timbering; however, delay in placing timbers also account for
many accidentse Ordinarily the most dangerous zones in coal mines are
the regions within 25 feet of the working faces, %hen roof is exposed at
the working face it may remain in place only a short time and the roof
also may be weakened by blasting; therefore, safety posts should be set
while 'the place is being cleaned up in preparation to setting the permanent
timbers, After the permanent timbers are set the roof should be checked
carefully before the safety posts are removed, The best method to iusure
adequate timbering is to have a systematic timbering plan waich is followed
even though the roof appears not to need so much timberiig. A good policy
to follow is: "If the roof is sound, support it and keep it good; if the
roof is bad, support it to prevent it from falling",

Miners or other employees should not go under draw slate or other
loose roof material until it is supported properly or taken down and the
place retimbered, When taking down loose material the miner sheuld make
sure that the place under which he is standing is safe,
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B. FROM HAULAGE

Haulage accidents usually result not only in injuries but also in con=
siderable loss of production and damage to equipment, With the growth of
mechanized mining there has been accompanied a demand for more and faster
haulage equipment, The track and roadbed that were satisfactory for hande
loading operatidns often has not been improved to accommodate the extra
equipment and increased haulage speeds required in the conversion from
hand to mechanical loading methods,

1, CAUSES

Haulage accidents can generally be grouped into two classes, those
that are due to physical defects in haulage facilities and those that are
due to human failurese

In the first group there are such things as poorly maintained equip=
ment; poorly alined, drained, cleaned, anc maintained track and roadbed;
cbstructions such as doors on main haulage roads; poorly installed or main~
tained frogs, switches and switch throwsy poorly alined and maintained
trolley wire; poor bonding or rail welding; inadequate side and overhead .
clearance; inadequate timbering along haulageways; dirty, improperly spaced
man holes or entire lack of themy and improper control of trips.

In the second group you have careless practices, such as jumping on :
and off of moving trips, coupling moving cars, operating mobile equipment
at high speeds, failure to block cars properly, the wearing of loose or
torn clothing, the failure to wear protective head and feotwear, and the
failure to obey instructions, 3 : :

2+ PREVENTION

The maintaining of a good roadbed and track is the foundation of a
good haulage system, The roadbed must be properly graded, which includes
proper drainage, and a good ballast is equally necessarye Track ties are
part of the roadbed, and their proper spacing and tamping with ballast
are essential to the stability of the haulage road, Mine track should be
laid with rails large enough to carry safely the weight of the cars and
locomotives, they should be properly alined and held in place with enough
spikes, and they should be connected with well bolted plates, All frogs
and switches shoulc be properly alined and kept in good repair.

Where possible there should be a continuous clearance on one side
from the mine portals to all working faces of at least 30 inches from the
nearest obstruction to the farthest projection of moving equipment, This
clearance should not be obstructed by loose rock, coal, switch throws,
supplies, or other material, : : '

ian holes should be provided along all haulageways where men are re-
quired to work or travel, They should be on the clearance side, suitably
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marked, and free- from any loose rock, coal or supplies., Upon the approach
of rolling stock, mine employses on a haulageway should enter the nearest
shelter or man hole immediately and stay in it until they are sure that it
4s safe to resume working or traveling,

A11 haulage equirment such as 1 scomotives and cars should be kept in
good repair and weil groased at all times. Lights should e .provided on
both the front and rear end of all trips, Losomobives should ha operated
at moderate speeds 2t all times. Wnen rope havlage ie used the end of the
trip should be equipped with a safety drag to cause derailment in the
event the rope breaks. The rope should be of adequate gsize and strength
and should be replaced as soon as it shows evidence of undue wear, Rope,
links, chains, and rope sockets should be examined carefully by a competent
person at least once every &4 hours. Horizontal and vertical rollers
should be properly alined and large enough in diameter to avoid sharp
bending of the rope, Track roliers should be properly alined and, on
straight track, should be SO spaced as to keep the rope from dragging on
the mine floor as much as possible. Rollefs should be placed relatively
eclose on curves to guide the rope properly, All rollers should be instale
led securely to prévent dislodgment and should be kept clean, well~oiled,
and in good repair,

When there are two or more trips operating in a mine at the same time
a means of control must be set up so that it is possible to tell at all
times where these trips are located, This is necessary to prevent the
trips from running into each other. Whenever cars are left standing in
the mine they should be on a side track and the place well marked., Also,
cars standing should be well blocked so that they will not start to roll
at an unexpected time,

The dangerous practice of getting on and off of a moving trip should
not be allowed at any time, A person can slip, trip, stumble, or fall and
be injured or killed by the moving trip, Also, the coupling or uncoupling
of moving cars should be prohibited as this has caused the loss of many
fingers and some more serious accidents., Always be sure that cars are
stopped before trying to couple or uncouple them and that a trip has come
pletely stopped before getting on or off of it,

Where man trips are provided to haul the men to and from their working
places in the mine, several precautions should be taken in order to pro=
tect the meng (1) man trips should be cperated at a safe speed but not behind
other trips on ascending grades or in front of trips on descending grades,
{2) a suitable place chould De provided at originating points where men
may wait for the man trip, (3) 2t man trip loading and unloading points
the trolley wire should be guarded adequately, (1) the man trip should come
to a full stop before men load and unload, (55 when riding in a car on a
trolley haulage road, men should sit inside the car on the side opposite
the trolley wire and keep their hands and arms inside the car, (6) ex=
plosives should not be carried in man trips, (7) tools and supplies should
be carried inside a separate car, and (8) man trips on slopes or inclines
should be provided with a safety rope connected to the main rope at a
point above the regular hitching and extending around or through all cars, .

Tn low coal mines where belt conveyors have been installed, it is
common practice to haul the men to and from their working place on the
belts, When this is done certain precautions should be followed; (1) men
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and supplies should not be transported at the same time, (2) a minimum head
clearance of 18 inches should be maintained between the belt and the vcofl
or cross bars, projecting equipment, cap pieces, overhead cables, WiTing.,
and other objects, (3) the belt speed should not exceed 250 feet a minute;
(4) men riding on a belt should be at least 5 feet apart, and (5) loading
and unloading stations should be well-lightec,

C. FROM ELECTRICITY

Owing to increased mechanization, electricity is assuming increasing
importance in the operation of coal mincs, Tocay few mines of any size are
operated without electric power being applied in one or more phases of
mine operation,

There are relatively few accidents actually attributed to electrical
causes; however, many accidents that are listec under other causes are
actually caused by electricity, For example, the injuries and deatas
caused by a mine explosion or fire of electrical origin or the accidents
caused primarily by electrical contact by which a person is thrown under
or against haulage or mining equipment,

The use of electric power for coal mining operations is much more
hazardous than for any other comparable industrial uses Restricted
clearance, particularly overhead, is a constant source of danger in worke
ing around live, bare conductors, such as trolley lines. The relatively
poor illumination in mine operations compared with that provided by most
other industries increases the hazards or dangers of electric power con=
ductors and machinery in minesas

1, CAUSES

Contact with trolley wires is the main cause of electric~shock acci=
dents in coal mines because it is often difficult to avoid contact with
these lines and perform the necessary work in the restricted space common
to most mines. When a person who is not protected in some manner touches
a trolley wire the electric current passes through his body and into the
ground; it may cause severe shock and in numerous instances has caused
death,

Electrical cables, because they are usually of a temporary nature,
are usually repaired in a slipshod manner after a break occurs, These cables
that are left in poor condition are very definitely a shock and fire hazard,

Another source of electric-shock accidents comes from electrical equip~
ment, The metallic frames, casings, and coverings of motors, geueravors,
transformers, switchboards, and other electrical equipment beco.e "alive®
through failure of insulation or by contact with live parts. Because the
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installation and use of electrical machinery often is of a *emporsxy noture,
it has led to slipshod methods of installation, repair, =ic malutenarc?.

Mine explosions and fires caused by electricity have been discussed in
‘ a previous section of this text and will not be dlscuseed here,

2, PREVENTION

Tralley wives ghould be secuPeLy supnorted on insulated hangers, they
should not be permitted to contact the roof, rib, crdss bars, or doorframes;
they should be alined properly; they should be 1nstalled on the side opposite
the clearance space and man holes; they should be anchored. securely and cut
off and fastened with an insulated turnbuckle at the inby end. The guarde
ing of trolley wires does not offer complete protection against personal
contact, but the benefits are great enough to warrant guarding them adequately
where men must pass or work under them regularly,

Temporary splices in cables should be made in a work-man-like manner
and should be electrically continuous, m mechanically strong, and welle
insulated,

The frames, casings, or coverings of all electrical equipment should
be grounded effectively,

- A1l electrical equipment should be protected against excessive over-
load by fuses or equivalent protective devices of the correct type anu
capacity; wires or other "jumpers" that do not provide adequate protection
should not be used in place of the proper fuses or circuit breakers,

A1l electrlcal equipment used in a coal mine should be of the per-
missible type.

D, FROM EXPLOSIVES

InJurles from explosives accidents are more likely to result fatally
than from any other cause except explosions. The main reason for this is
that the very nature of explosives is violence, It is important, therefore,
that all explosives, including permissible explosives and charged blasting
devices, be handled, stored, and used carefully, without exception,

1, BLASTING DEVICES

2, CARDOX

Cardox is not an explosive, but a blasting device, It is a strong,
hollow, cylindrical, steel shell charged with liquid carbon dioxide at
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high pressure, A heater element, which is inserved in the shee. she
fore it is charged, becomes surrounded by the liquid after zharging.
tric current is applied to the heater element from a pevmissille s
ing device through a sultable blasting cable, whereupown thee Lignad «
dioxide is heated rapidly and converted into a gas aliost inghairbant
Gasification of the carbon dioxide within the steel shell produces enough
pressure to shear a replaceable steel disk, allowing the gasified carbon
dioxide to escape into the blast hole at high enough velocity and pressure
to dislodge the coale.

The greatest hazard with cardox is the danger of a shell flying out
of a bore hole when fired and expending its energy in the wine workings
near the hole. Many injuriss. some fatal, have been caused vy Tiying
cardox shells. Everyons should be 10C feet or more from a cardn: shot and,
if possible, should have Gwo or more intervening right angles between him
and the shots

Airdox is somewhat similar to cardox. exzept that the pressuve 18
released by a valve instead of through a rupbture cisk as with caxrdoXs B
airdox cartridge is a zurong, eylindrical, steel siell charged witi com-
pressed air at an average pressure of akoub 11,500 vounds per sgquere inchs
the pressure is generated in a mulbistage air compressor 1212y located
on the surface, The charge of compresssd aiv reaches a snell placed in a
bore hole at the face through high-pressure copper ©

ubing connected to a

" two~way valve in its tadmission" position the valve is thrown to its

#release" position, whereupon the reduction in pressure is reflected within
the airdox shell; the compressed air then escapes to the confines of the
bore hole through ports in the shell, The coal is blasted by the pressure
built up in the boreholes The shell is recovered after each break and can
be used again and again without adjustment or renewal of partse

The principal hazards of airdox are the dangers incident to charging
and releasing high-pressure compressed air and the danger of flying shells,
as with cardox, The airdox blasting device presents no gas- or dust-
ignition hazards,

0. PERMISSIBLE EYXFLOSIVES

Permissible explosives are essentially dynamites that have been mod=
ified so that they are relatively safe, when compared with black blasting
powder and ordinary dynamites, for use in bituminous~coal mines with re=-
spect to the likelihood of gas- or coal-dust ignition, This is because
the flame of a permissible explosive is smaller in volume, shorter in
duration, and of a lower temperature than that of black blasting powder
or dynamite, Permissible explosives are fired by detonation instead of
flame, as with black blasting powder.
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3, BLACK BLASTING PO.DER

Black blasting powder is a more dangerous explosive to store, trans-
port, and when fired is much more 1likely to ignite a surrounding atmosphere
containing methane, bituminous coal cdust, or both, than permissible ex-
plosives, Black blasting powder is dangerous because of the ease of ig-
nition by flame or sparks, because of the dangers that attend the handling
of metal kegs (the practice of making a hole in a black-blasting powder
keg with a pick, bar, or other metal tool has caused fatal accidents),
because of the toxic gases resulting from firing, and because of the long
durationelarge volume~high temperature of the flame when fired,

If black blasting powder has to be used, it must be handled with :
great care,. The metal clips on the powder keg should be pried up with a
wooden stick and pressed hack with the fingers; the metal cap and under-
lying paper washers then should be 1ifted out with the fingers; keep open
lights and electrical conductors away from both loose black powder and
full powder kegs; be shsolutelvy sure that the atmosphere around where the
black powder is being used is free from methane and coal dust; always use
a wooden tamping bar; and be sure, before the fuse is 1it, that there isn't
any loose black powder in the hole that will catch fire and set off the
charge prematurelr, At best black blasting powder 1s dangerous and if
nandled carelessly will surely result in an accident,

4, ACCESSORTES

Fuses, whether used alone for firing black blasting powder or with a
blasting cap to fire dynamite or permissible explosives, are hazardous
because ther regquire an open flame for igniting; also, miners have been
killed by premature firing of shots because the victims believed that
fuse burns at the rate of 1 foot a minute instead of burning at the rate
of a foot in 30 to 40 seconcs When using a fuse to set off a charge,
whether black blasting powder, dynamite, or permissible explosives, always
be sure that the place is free from gas and coal dust; that the fuse is
long enough to give everyone time to set out of the way; and that only
one charge at a time 1is fired,

Stemming material such as coal dust, wads of paper, &r any other come
bustible material should never be used, If this material 1is used there is
a very good chance that the explosive charge will ignite the stemming
material which in turn might initiate an explosion or fire, A sufficient
amount of stemming material should be used to prevent a ] own-—out" shot

e - which also might initiate an explosion; however, no amount of stemming

material will prevent a "]l own-out" shot if the hole 1is improperly placed
or the explosive charge is too heavy,

Tamping bars should be entirely of wood without metal attachments and
the ends of the var should be smooth and kept free of foreign material,
Particles of rock or sand on ‘the end of a tamping bar may cause a spark
by friction during the tamping operation and if any explosive is spilled
along the hore hole it mav be ignited,
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Permissible explosives in coal mines should be fired electrically
with detonators, A detonator contains a detonating compound consisting
of a pressed primer load, a loose ignition charge, and an electrical fir-
ing element, The leg wires of electrical firing element are usually wace
of iron covered with white, wax~impregnated, cotton insulating .iateriale.
The ends of the leg wires are shunted or twisted together and this shunt
should not be removed until immediately before connecting to the shot-
firing circuit. :

Shot-firing cables for use in bituminous coal mines should be rubber
insulated, sturdy, flexible, at least a 100 feet long, kept shunted at
the battery end until ready to be attached to the blasting unit, stag-
gered a2s to length at the detonator end to prevent accicental short-
circuiting, wound up after each shot, and kept away from track, power
wires, pipe lines, and other possible sources of active or stray currents.

The blasting units should not be capable of igniting methane--air
mixtures, they should have enough electrical energy to fire the shot,
they should be mechanically strong, and the live terminals should be pro-
tected so as to prevent accidental contact, There are four general types
of blasting units in use today. (1) dry-cell, (2) wet-cell (usually the
battery for the electric cap lamp is used), (3) magneto, and (L4) generator,

¢, PROCEDURE FOR FIRING

Numerous accidents occur while primers are being prepared and when
the explosive is being loaded into the hole, Carelessness in preparing
and placing the primer increases the possibility of misfires, hangfires,
or burning of the charge in the holes., In making primers it is important
that the electric detonator be secured in 'the primer so that it cannot be
pulled out, '

Before loading the explosive charge, the hole should be cleaned out
so as to prevent the cuttings from getting between the cartridges of ex-
plosives, The entire charge, including the primer, should be loaded in
the hole with the cartridges placed end to end and pushed back gently
toward the bottom of the hole until seated, The primer cartridge should
be placed with the detonator pointing toward the bulk of the charge, The
remaining space in the hole then should be filled with incombustible stem-
ming material, The first two cartridges of stemming material should be
pushed gently’ against the explosive charge, but the remaining stemming
material should be tamped firmly in place, '

After the charge is securely placed in the hole, the shunt on the leg
wires is removed and the wires connected to the shot-firing cable, However
before connecting these wires, the shot-firer should be sure that the other
end of the shot-firing cable is shunted and the cable is rolled up so that
there isn't any possibility of a stray electric current getting to the
shot-fire cable and prematurely setting off the charge.s The shot-firer
should be very careful where he unrolls the cable so that it will not
cross anything that might introduce an electric current,

" When ready to fire the shot-firer should give warning by shouting
#fire" three times at 2 second intervals before firing the shot, Only one
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shot at a time should be fired, After the shot is fired the shot-firing
cable should be immediately disconnected and the ends shunted.

In the event of a misfire, a period of at least 10 minutes should
elapse before anyone goes into the face, Then, if by a visual cneck no
apparent reason can be seen why the shot did not go off, a new nole 1is
drilled 2 feet away and parallel to the misfired hole., This new hole is

then fired, Under no circumstances should a misfired hole be drilled outs
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SECTION 8 FIRST AID

No text on safety would be complete unless first aid is included,
However, in-as-much as firs® aid is a complete subject of its own, only a
brief description of it will bve given hevs. The publication by the United
States Bureau of Mines, "First Aid; A Bureau of Mines Instruction Manual "

should be referred to for more complete and detailed information.

A. OBJECT OF PIRCT ATD

a1

First aid is an emergency treatment of a person who is injured or
i1l to protect him until medical or surgical aid can be obtained. The
first thing to do after an accident is to send for medical aid.

The objects of first aid are:

(1) Prevention of further injury.

(2) Checking conditions known to be endangering life.

(3) Protecting injuries from infections and complicationse

(L) Meking the patient as comfortable as possible to conserve
his strengthe .

(5) Transporting the patient to medical assistance, where
required, in such a manner as not to complicate the
injury or subject the patient to any more discomfort
than is absolutely necessarys .

B, WHAT A FIRST AID MAN SHOULD DO

1. Send for medical aid in all serious injuries. ,

If you believe that the patient is in a place safe from further
injury and medical aid can be obtained promptly, it is usually best
not to attempt to move him but to employ such emergency care as is
possible until a doctor arrives.

2. Have the patient checked in all cases of injury, -
If the injury appears to be only a minor one, have the patient
checked by a doctor to be sure that the injury is not serious and to
be sure that the minor injury has been treated properly.

3. Take command and give orderss
Then an accident occurs and an injury results, a trainea first
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aid man should take charge, He should be calm and give orders to
| other who are present. He should gend for a doctor at once.

L, Locate the injury.
The person in charge should make a careful, but quick, examinztion

to determine the nature of the injuries, [Find out whether breathing

is normal, look for hemorrhage or serious bleeding, shock, open wounds,

burns, fractures or broken bones, dislocations, and any other injuries.
In examining an injured person, do not remove his clothes in the

usual way, as you may cause unnecessary movement and suffering and

may make the injury worse. The clothing should be cut from the body

in the vicinity of the injurye.

S, Know what to do, and do ite

Asrter the nature of the injury has been determined the person
taking charge should order others present how to assist him in treat-
ing the patient's injuries. Being careful at all times not to make
any vnnecessary movement of the patients body or limbs. The injured
part of the body should be in as near a normal position as possiblee
Fractures and dislocations should be supported and dressed in the
line of deformitys

6, If artificial respiration is indicated, start it without delayse-

This is the first consideration; after it has been started then
the person in charge can direct others who are assisting him to treat
the patient for bleeding which also is of prime importance,

All onlookers should be kept from crowding around the patient
anc shutting off air for breathing. :

All clothing around the neck, chest, and waist should be loosened.
Remove false teeth, tobacco, snuf, gum, or any foreign matter from the
mouth, See that the patient's tongue is well forward and not oacg
over the windpipe, In many cases one of the assistants shoulca be
ordered to hold the patients tongue oute

Never attempt to give an unconscious person water or any other
liquid by mouth as it may enter his windpipe and strangle him,

7. Look for bleeding and check it

This should be done first, unless as noted above that artifical
respiration is indicated in which case bleeding should be checked
immediately after artifical respiration is started, The bleeding
should be checked by pressing the fingers or thumbs on the skin over
the blood vessel at the location of the pressure point; by a tourni=-
quet; or, by a bandage co:upress and bandage applied with pressure over
the wound, Also, in case the blood vessel has been completely cut
into, it may be necessary to clamp the ends of the blood vessel to-
gether with the fingerse

8, Keep the patient lying down,
Sometimes an injured man will want to walk around, He says he
feels alright; but, always keep him lying down until you are satisfied
he does not have a serious injury,
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It is frequently dangerous to let an ill or injured person sit
or stand, and to permit him to walk may cause his death,

He should not only be kept lying downy but he should be covered
with a blanket and should, if possible, be lying on a blanket,

9; Treat for physical shock.

<
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Try to meke the patien mfortable as possible by doing
whatever is nzcessary. i A patisznt’s face is flushed, put somew
thing under his head %o ralss in. If Lis face is pale keep his head
level with his body, If he wenivs, turn his head to the side so
thet the vomited matter will flow from the mouth and not get into
nis windpipe and choke him, If the patient is conscious, give him
all the water he wants, but give it slowly and in sips,

Heated objects such as bricks, rocks, etc., should be wrapped
and tested against your own skin on the side of the face and, if not
too hot, placed next to the body of the injured person, Always
encourage the patient and keep him hepsiul,

Fia O
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103 Treat all wounds,

Cover 'all wounds completely with a sterile bandapze compress,
or sterile gauze in case of larger wounds, and then place a tri=
angular oyeravat bandage over the compress or gauze, except for
wounds of the eye, nose, chin, fingers, or toes where only the come
press is used, Do not allow the fingers or any other instrument
which is not sterile to touch the wounds, :

Remove any loose foreign cbjects from a wound with a piece of
sterile gauze; but, néver attempt to remove any object which is
embedded in the wound, ;

In the case of a burn, exclude the air from the burned surface
as quickly as possible by using picric-acid gauze or other suitable
burn dressings such as foille,

114 Treatment of fractures or cislocations,

12, Moving an ihjured person,

Never; unléss absolutely necessary, move an injured person with
a fracture or dislocation until such injury is properly supported by
splints, Except for dislocations of the jaw, finger, or toe, leave
the reduction of dislocations and the setting of a fracture to the
doctor; however, be sure that the injured portion is properly sup=
ported ard sscurclv tieds In the case of a compound fracture a
sterile compross should be placed over the wound, without undue
pressure, then the splints applied,

-

After an injured person has had the proper first~aid treatment,
all fractures and dislocations firml- supported, and it is necessary
to move the patient to a doctor, he may be moved on a stretcher,
Place the patient carefully on the. stretcher, avoiding any jerky
movements, and carry him to safety, Always test a stretcher before
placing an injured man on ity

Remember, all vour firsteaid to the injured man may be ruined
by rough handling in moving him to safety; therefore; use extreme

L}
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care when placing a person on a stretcher and in carrying him to
safetys, :

C. PHASES OF FIRST AID

In the study of first aid there are several different phases, each
one important within itself, Which one is most important can not be
determined; therefore, they are assumed to be equally important and all
phases should be thoroughly studied,

1, ANATOMY OF THE HUMAN BODY

To understand the reasons for many first aid procedures and to render
intelligent and efficient first aid, it is necessary to know something
about the anatomy (structure) and physiology (work) of the human body and
its more important organs. The body is composed of solids (bones and tis-
sues) and fluids (blood and secretions of various organs and membranes)

as THE HEAD

The head is made up of the skull (a bony case that encloses and pro=
tects the brain) and the face, The head is composed of 22 bones,

b, THE TRUNK

The trunk is the main part of the body and is divided into two
parts by a muscular partition known as the diaphragm. The upper portion
of the trunk is the chest, its cavity and organse The lower portion is

~ the abdomen, its cavity and organs., There are 5l; bones in the trunke

¢, THE EXTREIITIES

The extremities are divided into two parts, the upper and lower.
The upper extremity on each side consists of the shoulder joint, the arm,
the forearm, the wrist, and the hand, The lower extremity on each side
consists of the hip joint, the thigh, the leg, the ankle, and the foot,
There are 32 bonés in each of the upper extremities and 30 bones in each
of the lower extremities meking a total of 12l bones in the extremitiess
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2, FIRST AID DRESSINGS

First aid dressings are triangular bandazes that can be used either
open or folded into cravat bandages, as required. siterile handage compresses,
sterile gauze, picric—acid gauze, tourniguets, and splintss

a, BANDAGES

ok e 4

A bandage is used to cover wovnd and burn dressings, 0 meke improvised
tourniquets . Lo suppery fractures end dislocations, ©o apply splints, and
to form slings.

There are two types generally used, the triangular and the cravat.
The triangular is made from a plece of cloth one meter square by folulng
the square diagonally and cutting 2long the fold. The cravat (wide,
medium, or narrow) is mads by folding a triangular bandage to the correct
size required,

The ends of all bandages are tied with a square knot,

b, BANDAGE COLERESS

A bandage compress is a special dressing to cover open wounds, It
consists of a pad made of several thicknesses of sterile gauze sewed to
the middle of a strip of muslin. Three sizes are used--small, medium, and
large,

¢, TOURNIQUET

P

A tourniquet is an appliance used to check severe bleeding from an
artery, An improvised tourniquet can be made by placing a well padded
block of wood or cther hard material over the appropriate pressure point
and twisting a bandage, strap, belt, etc, around the padded block and
that part of the body such as leg or arm where the pressure point is
located,

do SELITS

Splints are used to support and protect injured parts, such as fra-
ctures, dislocations, or suspected broken bones, and to prevent movement at
the point of fracture and at the nearest joint, They are usually made out
of wood or wire mesh; however, any stiff material will doe
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3, ARTIFICIAT, RESPTRATION

Respiration is breathing by which air is taken into the lungs during
inspiration and forced out during expiration, In passing to and from the
lungs the air passes through the nose, the throat, and the windpipe

Artificial respiration is a method by which normal respiration is
imitated, by manua.l movements, to induce breathing in persons whose Yew=
spiration has stopped. :

Where breathing has stopped or is very irregular and feeble, arti=
ficial respiration is usually required, The most frequent conditions
under which artificisl rcspiration is recuired are electric shock; gas
peoisoning, drowning, and =alfocation from various causes. 3

There are several methods of giving manval artificial respiration,
all effective; but, in some msthods nmcro air is forced into the lungs
than others and when certain types of injuriss are present some methods
cannot be used, 2

The Holger-llielsen (pack-pressare arm lift)s gives the greatest
exchange of air in the lungs; however, when a victim has séverely injured
arms that cannot be raised, this method camnot ba amployed, Under such
circumstances, use the Schafer method, Where a victim is injured in suth
a way that he cannot be placed on his belly or has severe back injuries,
use the Silvester method,

4, CONTROL OF BLEEDING’

Tn order to ¥now where and how to stop the flow of blood from a
wound and to better understand the purpose of blood in the human body a
knowledge of the circulatorv system is essentigl, The circulatory system
consists of the heart, the arteries, the veing, and the capillaries by
which blood is carried to and from all parts of the body,

o S e i S A ———r———

7 to 8 percent of the weight of the human body is blood., £ man
weighing 150 pounds will have 10 to 12 pints of blood in his bodye

The blood consists of a fluid called plasma and two types of cells,
the red and the white, The function of the blood is to carry nourishment
to all the tissues of the body, furnish heat and oxygen, and remove waste
matter resulting from tissue activitv to such organs of excretion as the
lungs, the skin, the kidneys, and the bowels,

be THE HEART

The heart is a hollow, muscular organ, about the size of a fist,
.
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in the lower left section of the chest cavity. By its pump action the
blood is kept under pressure and in constent circulation throughout the
body. . In a healthy person, with the body at rest, the heart contracts
about 72 times a minute.

s BLOOD VESSELD

. 3

Blood vessels are the tubes or pipes which cavey the bloecd through
out the body; there are two types, the artories and the veins. Fure
blood is carried from the heart by a larze artery, Branch arteries are
given off from this large artery, and the branches in turn give off
succeeding branches. These branches divids eand subdivide until they
become very small and terminate in threal Like vegsele known as capillaries,
which extend into all the organs and tissues..

After the blood has furnished the necessaxry nouri shment and oxygen
to the tissues and organs of the bocy, it takes on waste products, parti-
cularly carbon dioxides The blood returns to ths hsart by means of a
different system of blood vessels known as veins. The veins jeia the
arteries through the capillaries and by a process just the wveverse of
that given for the arteries build up the return circulatvory sysiema

-

L

dy LUNGS

The function of the lmngs is to purify the blood, The impure blood
that has been returned to the heart from all parts of the body is pumped
into the spongewlike blood vessels of the lungs, where the carbon dioxide
and volatile waste products are exchanged for oxygen through tie uelicate
walls of the air cells. The purified blood is then pumped back into the
heart and is ready to be recirculated through out the body, The time
taken for the blood to make one complete circulation of the body averages
about one and one fourth (1) minutese

e, BLEEDING

Bleeding is a flow of blood from an artery, vein, or capillary.
When blood spurts from 2 wound and is bright red, an artery has been cut,
When dark red blood flows from a wound in a steady stream, a vein has
been cut, When blood just oozes from a wound capillaries have been cut,
The loss of 2 pints of blood by an adult usually is serious, and
the loss of 3 pints may be fatels The length of time it takes for 2 or 3
pints of blood to flow from a cut artery or vein will depend on the size
of the artery or vein that is cut. For instance, if the principal blood
vessels in the arm or the thigh are cut, bleeding may prove fatal an 1
to 3 minutess

112,



f, IETHCDS OF CONTROL

PRESSURE

For arterial bleeding use finger pressure, and apply a tourniquet
over the pressure point between the heart and the wound. Apply a sterile
compress and bandage over the wound, and for additional pressure (unless
otherwise indicated) tie knots over it..

For venous bleeding constrict the part below the wound away from the
heart side, if necessary. Apply a sterile compress and bandage over the
wound, and for additional pressure (unless otherwise indicated) tie knots
over it,

" For capillary bleeding apply a sterile compress and cover with a
bandage; tie knots over the wound,

PCSITION

Elevate the wounded part to retard the flow of blood for either
arterial or venous bleeding, Exceptions: Wounds of head where shock is
present and there is no fracture of the skull, sunstroke, or apoplexys

COLD

Apply cold applications to the body in the region of the injury (not
into the wound), to retard the flow of blood; this is of particular use
in internal bleeding and can be used for either arterial or venous bleeding,

5. THE NERVOUS SYSTEM

The nervous system plays a very important part in physical shock,
which in some degree follows most injuries., The various parts of the body
and the organs controlling the body functions are kept in touch with each
other by the nervous system which is divided into two parts, the cerebro-
spinal and the sympathetics, ;

The cerebrospinal system consists of the brain and the spinal corde
The brain is a collection of nerve centers, each a central station for
some part of the body with trunk nerves connecting the parts of the body
with their particular centers, .Leaving the brain, these trunk nerves are
bundled into the spinal cord, which passes down through the opening in
the center of the backbone or spinal column, giving off branches to all
parts and organs of the body,

The nerves entering and leaving the spinal cord are mainly of two
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types, sensory nerves, and motor nerves, The sensory nerves, which enter
the cord, convey impressions of sensations, such as heat, cold, touch,

and pain from different parts of the body to the brain, The motor nerves,
which leave the spinal cord, convey impulses from the brain to the iwuscies
causing movement, ,

The sympathetic system is a series of nerve centers in the chest and
abdominal cavity along the spinal column, Each of these nerve centers,
although intercommected with the cerehiospinal system, presides over and
controls vital organs and vital funcbionsy omch asg our hear*t, our blood
pressure, our digestion of feood, ocur exerelory organs and our breathinge

a, PHYSICAL CHOCK

Py G e e SN

Physical shock is a state of collapse or prostration that interferes
with normal action of the heart, respiration, and circulation. This
condition is probably due to derangement or lack of proper balance within
the sympathetic nervous system that controls these vital functions.

The state of shock may develop rapidly or may be delayed and manifest
itself hours later, Shock may be caused by severe or extensive injuries,
severe pain, loss of blood, surgical operations, severe burns, accidents
due to electricity or gas, certain illnesses, poisons taken internally,
exposure to extremes of heat or cold, seeing own injuries or injuries of
others, fright, anger, and joys

b, FAINTING

Fainting is temporary loss of consciousness caused by an inadequate
supply of blood to the brain and is a mild form of physical shock, iaint-
ing may be caused by an injury, the sight of blood, exhaustion, weakness,
heat, lack of air, and the emotions, such as fright or joy. Some persons
faint much more readily than others.

64 WOUNDS
a, OPEN WOUNDS

An open wound is any break in the skin, When the skin is unbroken, it
affords protection from most infections, bacteria, or germs, However, when
the skin is broken, no matver how slight the break, germs may enter, and an
infection may develop. The chief duties of a first aid man in caring for
an open wound are to check hbleeding and to prevent germs from getting into
it, :
Open wounds are divided into four groups, Abrasions, incised wounds,
lacerated wounds, and punctured wounds,
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Abrasions are wounds caused by rubbing or scraping. These wouwuds
are seldom deep, but a portion of the skin has been removed, leaving a
raw, bleeding surface, The bleeding in most abrasions is capillavy oniy,
Abrasions are easily infected owing to the amount of underskin surface
exposed,

INCISED WOUNDS

Wounds produced by a sharp cutting edge, such as a knife, a piece of glass
or metal, or a sharp edge of coal, rock, or slate, are incised wounds,

The edges of such wounds are smeoothly divided withceut bruising or tearing,
Incised wounds bleed freely and are nct so licble to infection as wounds
of other typese

LACERATED WOUNDS

Lacerated wounds are those with ragged edges, and have becen torn or
mashed by blunt instruments, machinery, or rough surfaces, These wounds,
in which the blood vessels are torn or mashed, do not bleed as freely as
incised wounds, However, the ragged and torn tissucs, with the foreign
matter that is often forced or ground into the wound, make the denger of
infection greater than in incised wounds, R

PUNCTURED WOUNDS

Punctured wounds are produced by pointed instruments, such as needles,
splinters, nails, or pieces of wirec, Such wounds usually arc small but may
be very deep, Most of the articles causing punctured wounds are soiled,
and matter causing infection often is introduced deep in the tissues,

The small openings in punctured wounds and the few blood vessels cut pres
vent frec bleeding, The danger of infection in punctured wounds is far
greater than any other type of wound,

b, CARE OF OPEN WOUNDS

Rip or cut the clothing so that the injury may be seen, If loose
foreign particles are in or around the wound, wipe them away with sterilc
gauzes Do not attempt to remove a foreign object embedded in the wound,
leave this to the doctor; also, leave the work of cleansing the wound to the
doctor,
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Do not touch the wound with your hand, clothing, or anything that is
not sterile, and do not pour water or any drug into or on it, Place a
sterile bandage compress or sterile gauze over ths wound (making sure the
sterile dressing is wide enough tc cover completely the wound and an
area on each side) and tie it in place. Protect all bandage compresses
or sterile gauze dressings by an cuter dressing made from a cravat or
triangular bandage, except dressings for wounds ¢f the eye, nose, chin,
finger, and toes; or compound fractures of the hand and foot when splints
are applied, e

Where there is severe bleeding from an artery, always check it by
finger pressure and then by the use of a tourniquet when necessary if
a tourniquet pressure point is available,

Usually considerable shock follows wounds, especially if much blood
is lost. Treat shock promptly-

¢, CLUSED WOUNDS

Several types of injuries may be suffered where the skin is not
broken but damage occurs to the deeper tissues; these injuries usually are
classed as closed wounds,

BRUISES

Bruises are the most frequent injuries suffered, They are caused
by some blunt instrument or object striking the body or by the body coming
in contact with a hard object, as in a fall or a bump, Usually the skin
is not broken, but the soft tissues beneath the skin are injured, Small
blood vessels are ruptured, causing blood to seep into the surrounding
tissues, which produces swelling,

STRAINS

A strain is the overstretching of a muscle or a tendon of a muscle,
In severe strains, the [ibcrs forming the muscle or tendon may be torn,
Strains are caused by sudden movements or by violent exertion in lifting
or moving heavy weights.

SPRAINS

Sprains are injuries due to stretching or tearing of the ligaments
or other tissues around a jeint. They are caused by a sudden twist or
wrench., Sprains range from minor injuries causing pain or discomfort for
only a few hours to severe cases where tearing of the tissues requires
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many weeks of medical care before normal use of the joint is restored,
RUPTURE

Rupture is protrusion of a portion of an internal organ, usually the
bowel, through the muscular wall of the abdomen, Most ruptures occur in
or just above the groin, although ruptures may occur at other places over
the abdomen, Ruptures are caused by muscular strains from lifting or
pushing violent coughing, sudden jars in jumping, and similar acts.

All forms of rupture should have immediate medical attention,

de FOREIGN BCDIES

Objects or material foreign to the human body can cause not only pain
and discomfort, but often serious injuries are the result of foreign objects. .

FOREIGI BODIES IN THE EYE

Foreign bodies, such as particles of dirt, sand, ¢inders, coal, emery
dust, or fine pieces of metaly frequently are blown or driven into the eye
and lodge there., Fortunately, through an increased flow of tears, nature
dislodges many of these substances before any harm is done. In no case
should the eye be rubbed, as rubbing may cause scratches of the delicate
eye tissues or force a foreign particle with sharp edges into the tissues,
making its removal difficult,

Gentleness in handling eye injuries is absolutely essential, Never
use the point of a2 knife blade, 2 toothpick, or a sharpened matchstick to
try to dislodge a foreign body in the eyee If difficulty is experienced
in removing the foreign body from the eye, send the patient to a doctor
at once, ‘

FOREIGN BCDIES IN THE EAR

Small insects or pieces of coal or other material may get into the
ear, I these cannot be removed readily the patient should receive
medical attention a2t once,

FOREIGN BODIES IN THE NOSE

Foreign bodies in the nose usuclly can be removed without difficulty
but occasionally require the services of a physician,
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FOREIGH BODIES IN THE THROAT Ok WINDPIED

-

Pins, coins, fishbones, false teeth, and parvicles of food often
become lodged in the throat or wiadpipes Although as a rule there is not
complete obstruction of the air passages, more oF Jess BeVeYe sy homs of
suffocation are preseni, The vicham s face batcmes Givid, end he gasps for
breath, with violent Mty of cougntug:
Tn all cases, an abtemnt she A o
gtiction, If this is not readiiV JOLE, rd for & physiclan at onces '
Meanwhile, if there is serious inverference wibh breathing, perform
artificial respirations

D onee O EeReve +ho ob=

FORBIGN BODTZ3 IN THE STOMACH

P o gmare oY

Foreign bodies, such as pins, coins, nails, and other erticles, some~
times are swallowed accidentally or, as in the case of small children or
the insane, deliberately. They may lodge in the gullet or the tube leading
to the stomach and cause difficulty in swallowing, but more often they
pass directly into the stomach.

Do not attempt to dislodge foreign bodies from either the gullet or
the stomachs Consult a physician immediately, and leave the treatment to

him,

7. DRESSINGS FOR WOUNDS AND BLEEDING

There are probably several ways in which a wound can satisfactorily
be dressed; however, for a 2 rst aid man the simpliest, effective method
should be used,

For the purpose of this text only the various types of wounds and
bleeding, for which dressings can be applied, will be given. For details
of how to apply these dressings, please prefer to the United States Bureau
of Mines publication, "First Aidt,

The various types of wounds and bleeding ares

Extensive wounds and bleeding of the scalpe
Wound and blecding of scalp, templc, ear, or face,
Wound and bleeding of forchead or back of head.
Injuries of eye

Wound and bleeding of nose.

Wound and bleeding of chine

Wound and bleeding of neck or throat,

Wouné and bleeding of shoulder, i

Wound and bleeding of armpit.

Arm torn from body. :

Dressing for amputated arme

iWlound =nd bleeding of arm, forcarm, and wrist.
Wound and bleeding of elbow



Wound and bleeding of palm of hand,

Wound and bleeding of back of hand.

Extensive wounds and bleeding of hands

Wound and bleeding of finger.

Wound of end of firger.

Wound and bleeding of back batween showidere,

Wound and bleeding of chest bhetween shoulders.

Wound anc bleeding of pack, chest, abdomen, or side.

Wound and bleeding of lower part of abdomen; lower part of back,
of buttecks-

Wound and blesding of groine

Wound and bleeding of crotch,

Wound and bleeding of hip.

Wound and bleeding of thigha

Dressing for amputated thigh or legs

Wound and bleeding of knee,

Wound and bleeding of 122

Bleeding from varicose veins in leg,

Wound and bleeding of ankle,

Wound and bleeding of foot.

Extensive wounds and bleeding of foot¢

Wound and bleeding of toes

Wound of end of toe.

8, BURNS AND SCALDS

Burns are usually injuries that result from contact with dry heat
(fire or heated objects), electricity (either by current passing through
the body or by electric flashes), friction, and chemicals (stroag acids
or strong alkalis). Injuries that result from contact with hot solutions,
hot vapors, or steam are usually considered as scaldsa . ,

_ The seriousness of a burn or scald is influenced by the extent of
the body surface involved, as well as by the depth to which the tissues
are penetrated, It is generally assumed that, where one-third of the
surface of the body is injurec by a second-degree burn or scald, death
usually follows, but & much smaller area injured by a third-degree burn
often endangers life.

Shock is very severe when burns are extensive and may cause death
in a few hours, Shock is chlefly reaponsible for deaths that occur during
the first day or two after burnse

= CLASSIFICATION OF BURNS

Burns are classified as to the degree of injury to the body tissues.

#
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The outer skin is reddensd. and there is slight swelling.

SECOND DECREL

The underskin is affected, and blisters are formed,
THIFD DEGREE

The skin is destrcyed, and scme tissues underneath are damaged, In
severe cases, muscles; nerves, and blood vessels may be destroyed and
the whole area charred.

b, TREATHMENT

Emergency or first 2id care of burns or scalds should primarily be
exclusion of air from the burned area; relief of the pain that immediately
follows burns; prevention of or minimizing the onset of shock; and pre=
vention of infection.

Remove all clothing from the injured area; but cut around any that
adheres to the skin, and leave it in place. As soon as the burned or
scalded area has been exposed, cover it by a protective dressings Picric=
acid gauze is one of the most popular burn dressings. It consists of :
sterile gauze impregnated with a % to 1 percent solution of picric acid,
dried, and folded to fit into convenient sealed packages. To use it, re-
move the gauze from the package, moisten it with clean water, place it
over the injured area, and hold it in place by a loosely applied bandages
To keep the gauze from drying, the cover bandage may also be kepU 110ilsTs
First aid dressings for burns or scalds should be free fronm grease
or oil, ‘

When a person has been burned by a chemical, wash the area thoroughly
with clean water to dilute the chemical, and then dress it as for a burn,

Frequently chemical substances geb into the eye, The treatment is
to wash the eye freely with cold water. After the eye has been washed,
apply the dressing for injury of the eye. Chemical burns of the eye should
receive the attention of an eye specialist as early as possible,

9, FRACTURES

The framework on which the human body is built consists of bones of
various sizes and shapes that form the skeloton, A broken bone is called
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a fracturec. There are manJ vﬂOb nf fiactures. but in 7irs E 2id ther 2ve
divided into two gcn* and ¢ousounda

In simple frechv i bot nc weund exbands from
the broken enis o7 Usnally o simpie
fractures thare .8 10 sement of the ends of the breokan
bone; however, by cars Se sl u""% & zimule Jraclu._ can oo
converted into a compound irscbuie. of by damage mding bicod

vessels or nervas the injury can be made nnuh mars SGTFUJnu

In compoind Iracturcs the Lens is beoken, ard & wound extends Teom
the bone out uhrough bha skin., fhe wourd in a compound frasture maey be
caused by one ¢ both ends of the broken boae being forced oub through
the tissues and skin or hy some objecv piercing the skin and tissues to
the bone and breaking it.

When giving first aid to a pe’ Hlent m1th s fracture of the extremities,
cautiously pizce the Liwb in as neavly 2 natural Dosition as PoOsSS ible by
grasping its Llower nart wall below “he fonctars bub not pulling on the
limb, while an assistaut supporss e under part of the limb on el ither
gide of the break. Then apply appt roprriate padded spiiuis. being sure to
place extra pacding unass 211 hoilow spaces, such ag knee, ankle, wrict, ebec,

Support all fractures excent those of bthe skull, nose, upper and
lower jaw, cheekbone, shoulder blade, and ribs until dressing has been
completed,

a, LOCATION uF‘FPAPTUHWS

—— i 574 B 7 25 e el

The location of the various fractures that can be treated by a first
aid man ares

Fracture of the skull,

Fracture of the noscs

Fracture of the upper jaw or cheekbone,
Fracture of the lower jaw,

Fracture of the collarbene,

Fracture of the shoulder blade,

Fracture of the upper third of the arma
Fracture of the lower two-thirds of the arm,
Fracture of the elbow, forearm, or wrists
Fracturc or crushing of the bones of the hand,
Fracture of the fingers,

Fracture of the riLs,

Fracture of the spine.

Broken necke

Broken back,

Fracture of the pelvis or hip,

Fracture of the thigh, knee, or ankle.
Fracture of the kineecaPe

Fracture of the leg

Fracture or crushing of the bones of the boot or tocse
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10. DISLOCATIONS

Where two or more bones come together and there is no bony nnion Do
tween them, they form a joint. The several bones forming & joint ere held
in place by bancs of strong, fibrous tissues known as ligamente. Thers ave
three varieties of jointsz Tmmovable joints, joints with Limlzed motidiny
and freely movable joints, In first aid, we are concerned more parivicularly
with the principel free movable joints; the lower jaw, the choulder, the
elbow, the wrist; the fingers, the hipsy the knee, the ankle, and the toesa
These are the joints most commonly dislocatedes

A dislocation is the siipping oub of normal position of one or meore
of the bones forming a joint. The ligaments holding the bones in proper
position are stretched and sometimes torn loose. Dislocations resul®
from force applied at or near the joints, from sudden muscular contractions,
from twisting strains on joint ligaments, or from falls where the force of
landing is transferred to a jointe

Treat all dislocations by apolying dressings and splints so that the
parts are immoblilized in the line of deformity in which they are found,
and obtain medical treatmente. Support dislocations, except those of the
lower jaw, fingers, and toes. If medical aid is not readily available the
first aid man can usually reduce dislocations of the lower jaw, fingers,
and toese

As shock frequently is present in dislocations, treat for ite

11, HANDLING AND TRANSPORTATION OF THE INJURED

After receiving first aid cere a seriously injured persotl often re-
quires transportation to a hospital, to a physician's office, or to his
home, No matter how expert the first 2id care that has been given, im=
proper handling and careless transportation often 2dd to the severity of
the original injuries, increase shock, and frequently endanger life,

Never move a patient until a thorough examination has been made and
all injuries are protected by proper dressingse Seriously injured patients
should be moved only in lying position, If means for proper transportation
of an injured person are not immedistely at hand, continue carc of the
patient to conserve his strength until adequate means of transportation
can be procurcde

Various carries can be used in emergencies, but the stretcher is the
preferrced transportstion methode Carrying in the arms, carrying astride
the back, and the two-man carry should be used only when it is positively
xnown that no injury will be aggravated by such handling of the patient.

12, SUNSTROKE

Sunstroke is a sudden attack of illness from prolonged exposure to
the direct rays of the sun or to other high temperatures without exposure
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to the sun, Those engaged in hard labor in confined quarters &3 particu
larly likely to be affected,

PG o

The attack is sudden, and ihe patient vecumes waieonsol.ons g
Uneonsciousnesz ey be prersded by intens cone and daxinsss. Tha
face is red and :agheds Whe sl 1z pob and dry, with no perspiration,
The pulse is surong anc espld oF bounding in charaster.
Breathing is laberaec and of & The pupils of ths eyes are

enlarged but of egnal =130«

be TRBATHENT

—c A & Y

Because the body temperature is excessively high, tvreanment senbers
around reducing il as guiokly ag nossible, Remove the patient to a cool
place, and lay him down with the head raised. Tgke off as much chotilng
as necessary, and apply cold applications to the body and the Lieads
Rubbing the patientis iimbs toward the heart aids circulation and is ime
portant, When the patient is conscious, give him all the cool water he

desires, . Give no stimulant,

)

13« HEAT EXHAUSTION

Heat exhaustion ig collapse from the effect of heat, either from the
sun or any other sourie. T4 cewors more fregusntly when the hopddity is
highs Heat exhaustlca 1s & seruous conditicn, and proper treatment should
be given at oncsa.

a. SYMPTIIS

The patient is seldom unconscious but moy complain of feeling very
weak, His face is pale and anxious looking and coversd with cold per-
spiration, Frequently he vomitss He may complain of feeling ghilly. His
pulse is rapid and weak, and his breathing is shailow, with little chest
expansione

b, TREATIET

The treatment for heat exhaustion is the same as thet for physical
shock, nemely, the patient shoulc be lying down with the head low. Cleanse
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his mouth, wrap his body in noverings, apply hot applicaiiong, Use
ian;

lants, rub the extreniiies; =nd obtaln the services of 2 whysiels

1y HiAT CRAIES

The loss of the body's sal%
fluids excites jrritatic. of vhe rriscles, Gausing gpasne g

QNI o Q@
9o LML

— O . S =8

Heat cramps are painful spasms of muscles; especially these ot the
sbdomen and limbs, after prolonged exPosure to high temperatbures while
engaged in strenuous labore The spasmodic cramps experienced mAy be
simply a slight cramp in the abcomen or muscles of an extremity or so

severe as Lo canse convulsiciide
bg TREATIENT

The treqtment for mild heat cramps is increased salt intake, warm
baths, and rest. If the crarnps are severe and persistent, medical care

is necessarye

15, FROSTBITE

Frostbite results from exposure to severe cold, The noses cheeks,
ears, toes, and fingers are the parts most frequently frostbittens

a, STMPTOMS

Frostbite is more likely bto occur when a high wind is blowing, which
takes heat from the body rapidlye Usually frostbite is not associated
with pain but rather with a feeling of intense coldness and numbnesse
The victim may not be aware of frostbite of the cheeks, ears, or nose
until he removes his gloves or shoeSe The frostbitten area is dead white.

by TREATHENT

Do not rub the part frostbitten nor expose it to high temperatures
immediately. As soon as possible the patient should be brought into a
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warm room, In the meantime the foastbisien pact shouwld be coverct witn
woolen cloth and the patient mzde Wark.

After getting the patient in the room the frostbitien part alionid
rewarmed as rapidly as pessibls by dmmersing it in luke warn waber, Now
hot water. Hot-water bottlec or hert lamps shoald never be used, now
should the affected part be placed near a hot otove,

]

i
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15, APOPITY

e 3 0 5

Apoplexy, cerebral hemorrhage, or siroke is spontanecus rupiure of
- a blood vessel within the skull, causing a hemorrhage into the brain
tissues, It usually occurs in elderly persons.

Besides spontansous rupture oi a blood vegsal within ©le bhrain, bL(wWs
to the head may cause cerebral hemorrhage. In &1l head injuries. symptoms
of cerebral hemorrhage shculd be looked for, and if present hthe treatment
for apoplexy should be administereds

a, STHPTOMS

I\/D
s simen

The patient usually is unconsciouss The face is flushed and warm but
sometimes may appear ashen gray. The pulse ab first is slow and strong
but later becomes rapid and wedk, Respiration is slow and snoring in type,
the lips and cheeks puffing out ‘2t each expiration, The pupils of the
eyes are unequal in size, and often one eyelid droops, Frequently the
mouth is drawn to one side, and if the patient tries to talk he mumbles
out of one side of the mouth, Usually only one side of the body is
paralyzed.

b, TREATUENT

Have the patient lying down with the head well-raised, Allow plenty
of fresh air, but keep the patient warm with covers., Apply cold applications
or an ice bag to the head., Give no stimulants, Kecp the patient absolutely
quiet, and do not move him unless necessarye Obtain medical care as soon
as possible,

17, POISONS

Many substances are poisonous to the human body and gain entrance
into it in several wayse A first aid man should be able to care for the
commoner poisons and to ‘render general first aid to all casese

Only the different typcs of poisons will be given here, Refer to the
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previous mentioned publication, "First Aid" for symptoms and treatment ¢
the various poisonss

a, POISONING BY MOUTH

For the purpose of first aid, the poisons entering the human body by
mouth are divided into three general groups, according to their action:
Corrosive poisons, irritant poisons, and systemic polsons,

CORROSIVE POISONS

Corrosive poisons corrode, burn, or eat into the tissues when they
come in contact with the mucous membrane of the lips, mouth, throat, gullet,
and stomach, Besides the immediate corroding action on the tissues they
touch, they excite an inflammatory condition of the deeper tissues and in
some instances through absorption exert harmful effects on the entire
systems

The more common corrosive poisons are the strong acids (hydrochloric,
sulfuric, nitric, oxalic, carbolic, and lysol) and the strong alkalies

- (potash, soda, lye, unslaked lime, and strong ammonia water).

IRRITANT POISONS

Irritant poisons are substances that, when swallowed, set up irritation
within the stomach, manifested by distress, nausea, vomiting, and severe
pain, With most of the irritant poisons, these symptoms are caused by
direct irritation of the membrane lining the stomach, but with others
there is a secondary action tinrough absorptions

The more common irritant poisons are mainly the metals or salts of
metals: Antimony, arsenic, copper, iodine, lead, mercury, phosphorus,
zinc, and silver nitrate,

SYSTEMIC POISONS

The systemic poisons affect the body as a whole through their action
on various systems, organs, or tissues., The systemic poisons are divided
into two general groups: The depressant poisons, whose general action is
that of a narcotic with progressive lowering of the vital functions of the
circulation and respirntion, and the convulsant poisons, whose general
action produces spasms or convulsions with rapid paralysis of the vital
functions of circulation or respiration, or both,

The depressant poisens usually are medicines or drugs that are given
to relieve pain or induce sleep but when taken in excess act as poisons,
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The more common are opium, morphine, laudanum, and paregoric; also, sleape
producing preparations, such as sleeping PCWaAers.

The more common convulsant doicons are nitroglycerin, hydrocyanic
acid and the cyanides; and strychnine,

b, POISONS INJECTED WITHIN THE SKIN

Many substances or poisons may enter the body through breaks in the
skin, such as infected wounds, drugs irgjected hypodermically, or bites of
rabid animals, poisonous snakes, and poisonous insects, The last three

oo
are the only ones discussed hsre:

BITES OF RABID ANIMALS

s b

Any animal may suffer from rabies, If a person is bitten by an
animal, always suspect the animal to be rabid until it is proven other-
wise. The saliva from a rabid animal enters the wound caused by the bite
" and the disease is transmitted to the person bitten, A person bitten by

an animal should receive medical attentione '

BITES OF POISONOUS SNAKES

Any person bitten by a poisonous snake should have immediate medical
attention, The poison from the snake enters the skin through the bite of
the snake, This poison is then ciiculated through the body by the venous
cilrculation system;
anoue sngkes nsually fonad are the coral snake, the copper=
head, *ie vobhibiesnake, and the sater mhceasin,

The affect of & bite of thls nature is stinging pain with gradual
swelling and discoloration, After the poison has started to circulate,
the patient becomes very weak with nausea; has rapid and weak pulse; and
a profuse flow of saliva, :

BITES AND STINGS OF INSECTS

llany insects bite or sting, but few are poisonous in the sense that
their bite or sting can cause serious symptoms of itselfs However, there
are insects that do tronsmit disease where the insects act as hcsts te an
organism or virus of those diseases, As an example, certain types of
mosquitoecs transmit malaria, yellow fever, and other diseasess Also,
certain lypes of ticks transmit spotted or Rocky Mountain fevers Then
there are certain types of biting flies that the bite transmits tularemia
or rabbit fevers '
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BITES AND STINGS OF SPIDERS, CEUTIRFDES, TARANTULAS, AND SCORZICE

The effects of stings and biftes from these are much more severa thano
those of the insects previously meabtioned. They may cause alarming syugh-
toms; but, except for bites of tarantulas and black-widow spiders, seldom
prove fatal,

The black-widow is a mcderavely large, glossy. black spider with rery
fine hairs over the body. glving it a silky appearance, On the undersice
of the abdomen is a charvactarisilc ad o erimsen marking in the form of
an hour glass. The female cnly is poisonous; the male, which is much
smaller, is harmless,

o, POISONS BY CONTACT WITH SKIN

GASES, FUIMES, MISTS, LIQUIDS, AND DUSTS

Many inorganic and organic substances, in the form of gases, fumes,
mists, liquids, and dusts, cause poisecning or dermatoses when they couwe
in contact with the skin, Dermatoses are diseases of the skin and its
appendagzes and are characterized by alterations in the normal structure,
irritation, and inflammation. A

Except in few instances, dermatoses do not progress rapidly but mane
ifest themselves gradually after contined exposure to the agents causing
them. Persons who note changes in the normal texture of their skin or
continued irritation or inflammation of the skin should seek medical
advice before a chronic dermatosis developse

POISONOUS PLANTS

The most common of these are poison-ivy, poisonwoak, and poison-sumacs
These poisonous plants grow as vines or, in locations providing favorable
soil and moisture, as shrubs, waist to shoulder high. So called poison=-
ivy and poisonwoak are neither ivy nor oak but species of sumac. The
poison emanates principally from their leaves but also may be given off
from bruising their roots, stems, and berries, <The smoke from burning
brush containing the plants has been known to carry the poisonous prineiple
some distances

128,



%

2'"

3e

La

Se

6s

e

B

Fe

10,

Qe
Ae

Qo
A,

Qe
A

Qe
A.

Qe
Ao

Qe

'Ae

Qo
A.

Qe

A

SPFTTON -, QUFSTIO“"_AND ASWERS

YT,.S

A. Pf?E

o w——re 7' €

What, in general, is the responsibility of the fire bogs?

To make sure that all working placus are
of the mine contains noxicus or explosive gases.
or any obher unsafe ccaditions,

rcﬁ‘

ol
Seiiie 1o

"3.1. (98 Ll] RV
fire hez

Who can quaiify as a fire boss in Afghanistan?

A respcnsihle person with 3 years of ceal mining experience who
has a practicsl knowledge of mine venitilation, mine gases,
mine fires, and mine explosiongg he must be able to use
correctly a flame safety lamp, carbon monoxide detector, and
an anemomevers

a0l .,
8 0

What days should a fire boss examins the mine?
Every day of the year whether the mine is working or not.

When should a fire boss examine the mine?
Not more than 3 hours before each shift on working days and every
8 hours on idle days.

How should the fire boss mark the entrance to the mine before an
examination has been made?
By a red danger sign,

When should the danger sign at the entrance of the mine he removed?
When the mine is reported safe by the fire boss.

When should the men be permitted to enter the mine?
After the red danger sign has been removed.

Whe should be permitted to enter the mine before the red danger
sign has been removed?
The mine manager, but only in case of necessity.

Under what conditions should men be permitted to enter a mine before
it has been reported safe by the fire boss?

To help the fire boss make the mine safe, but even then only under
the direct supervision of the mine manager.

What should a fire boss lpok for in examining & mine?

Anything which would make the mine unsafe such as roof conditions,
mine gases, ventilation, mine temperatures, and fire and explosien
hazards,.
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} How can the management be avre that the fire boss has examined

What should the fire bess do if he finds an unsaf=z condition g
during his examination: :

He should do o1 cause to ba cons vhatever mey be nesessars to
remove or correzt the dongsprcus conaition whish h@ found.,

the entire mine®
The fire boss chall leave gvidenve, incinding date, of every
place 2 examined,

I’TOW man fam

At least one :
T . . - o - o, s o Y K3 (o}
what instrument should e carried by a2 fire boss at all times? ‘
A flame satety Llamo, 1
1. FLAME SAFETY T A
gt R S L o

Who should carrv a flame safety lamp at 2! ?

The mine manager, the mins fureman, tae < foreman, the fire
boss, the shot firer, the engineer, and anv person thiat enters
the mine who is not accomptnwed or preceeded bv a person carrving
a flame safety lamp,

A

_Whet is the operational principle of the flame safety lamp?

The behavior of the flame,

What type of a lock should be used on a flame safetv lamp?
A magnetic lock,

‘What is the best fuel to use in the flame safety lamp?

Hydrocarbons high in hydrogen such as Haphtha or Heptane,

What should be dons with rlame safety lamps before they are used?

They should be clenned, fillsd, exam 1ned locked, and tested by
a competent person,

When can you be sure a flame safetv lamp will not cause an

explosion?
When it is proverlv designed, properly assembled, and properly
used, ‘

When should a flame safetv lamp he opened inside of a mine?
Never,

If a flame safety lamp becomes extinguished, what procedure should
be followed in relighting it?

The lamp should be taken to fresh air and relighted with the
internal igniter,

v
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23, Q, What is the lowest percentage of methane that can usually oe de
tected with a flame safety lamp?
A, 1 percent,

2L, Q. How can you estimate the percentage of methane in the mine aix
; when using a flame safc.y lamp?
A, By the height of the "gas cap’ or the elongation of the flame.

254 Q, What perczntage of cxygsn must be present in the mine 2ip for a
flam safaty lemp to be reliable in the detection of nethane?
A, At least 20 perceoni,

26, Q. What percentage of oxygen mis t be present in the mine air to keep
' the fisme 2f a fiame safety lamp buining?
A, At least 16 percent if the a’musphere is free of methane cor other
combustible gases, or abt least i ?erﬂhnt regardless of the amount
of combustible gases in the a.mosghelre

27. Q. How should a flame safety lamp be handled during tests?
A, It should be raised siowly so as to explore the atmosphere from
the bottom upwards,

28, Q, What should be done with the flame safety lamp if methane is dew
tected during testing?
A, The lamp should be slowly withdrawn from the gaseous atmosphere,

29, Q. When testing for methane with a flame safety lamp, which is the
most reliable, the normal flame or the cap flame?
* A, The cap flame,

30 Qo What influence does different fuels burned in a flame safety laup
have upon the height of the "gas cap" in the same perceatage of
methane?

“ A, The height of the "gas cap!" depends upon the temperaturec of the
flame; the temperature of the fleame depends upon the type of
fuel used,

2. ANEMOMETER

31, Qe What is an anemometer?
A, It is an instrument used to measure the velocity of an air curw
rent in mine airways,

32, Qs Whot length of time is a reading usually taken?
A, 1 minute,
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Q, What doés the number of revolutions as recorded on the face of
the dial tell you? ‘

A, Each revolution corresponds to one lineal foot of air travel;
therefore, the number of revolutions recorded in a minute
tells you the velocity of the air in feet per minute,

From this reading of feet per minute, how do you determine the
quantity of air traveling through the airways?

A, By taking the reading of the anemometer times the cross sectional

area, in square feet, of the airway at the place where the reade
ing was taken gives the quantity of air passing in cubic feet
per minute,

34 CARBON MONOXIDE DETECTOR

. "hat is a carbon monoxide detector used for?
., To detect the presence of carbon monoxide gas in the air,

, What chemicals make up what is known as Hoolamite?
Hoolamite is a mixture of iodine pentoxide and sulphuric acid
on granular pumice stone,

of2

Q, What color is hoolamite?
A, White

Q. How do you tell whether or not there is any carbon monoxide in
T ke gdy?
A, When carbon monoxide comes into contact with hoolamite, iodine
is liberated changing the white granulars to bluish green of
increasing depths,

Q. How do you determine the percentage of carbon monoxide in the air?

A, After squeczing the bulb the required number of times (usually
10), compare the resulting color of the granulars of hoolamite
with the permanent colors in the color tube and note the core
responding percentage of carbon monoxide,

Qs Is the hoolamite carbon monoxide detector a continuous carbon

monoxide detector?
A, No, the detector must be operated by squeezing the bulb the
required number of times each time a test is desired,
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B._VENTILATION

ol et Stk . ES——

What is the best defensc against coal mine fires and explosions?
Adeguate and preper rentilotlole

What is one way of telling when a ventilating system is adequate?
When there is sufficieun air at the working face for the number

n ) 2 e i ol . T
of men woiking &b ths faces

: . ’ s s
How much fresh siz aces o working man require?
Between 30 and 4O cubic feet per minutes

Is this amount sufficient for a working man underground in a
coal minee '

N6, because oxygen is absorbed by the coal, by the oxidation of
the timbers, and a sufficient amount of air is needed to sweep
away gases which may be found in his working places

How much air shiuld be supplied for each and every man working
underground in a coal mine? : ;

On an averagey L50 cubic feet of air per minute per man at the
working facea :

How much air should be passing through the last cross cut in a
well ventilated mine?
6000 cubic feet of air per minutes

Approximately how much of the air entering a mine should reach
the working face?
At least 50 percent,

What instrument is used to measure the amount of air traveling in
a mine?
A standard anemometers

Where should the air in a mine be measured each day by the mine
fereman?

At the last cross cut or break-thru nearest the working face of
each split of air.

When picking the exact spot to take an air reading, what should a
person look fory

He should be sure the place selected has smooth walls, eas, to pet
tos and easy to measure the cross-sectional area.

When measuring the air flow, shoulc the anemometer be held in the
center of the entry?

gy the anemometer should be moved around the entire cross=sectional
area to be sure of getting a good averages
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When measuring the air with an anemometer is one reading sufficient’
No, 3 readings should be taken and averaged,

What does the feading of an anemometer tell you?
The velocity of the air in feet per minutes

What unit of measure should be used when determining the cross-
sectional area at the place where the reading with the anenometer
was taken?

Square feet,

How do you determine the quantity of air flowing in cubic feet
per minute?

Jultiply the velocity of the air (feet per minute) by the cross—
sectional area (square feet)o

1, VENTILATING SYSTEM

How many openings into a mine must there be to have a ventilating
system?
At least two,

How far apart should these two openings be?
At least 50 feet.

What is the object of a ventilating system?
To have an adeguate guantity of air delivered to, and then re-
moved from, the working face,

What are the two types of ventilating systems?
The split system and the continuous current systems

What 3 basic considerations should be taken into account when
establishing a ventilation system?

(1) the length and condition of the airways, (2) leakage of air
between the intake and return, and (3) distribution of the air to
the various working places by splitting the air currents

When should a mine be ventilated by one continuous current of air?
Only when the mine is very small,

What advantages does a split system of ventilation have over a

 continuous current system of ventilation?

(1) a much larger volure of air can be circulated without increas=
ing the power, (2) the different sections of the mine can be iso=-
lated, (3) the effects of fires and explosions are more likely to
be localized, (L) interruptions to air fiow in one s5lit will not
seriously affect other splits, (5) efficiency of the entire venti=
lating system will be improved, and (6) the system is very flex-
ible and can be controlled easier,
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23. Q. What is wventilating pressura?
A, It is the difference behwsen the intake pressure and the disw
charge pressures

; = A R R N e S e
ali, ‘'Q, What puzsuse dees this venidlating preossure have din the venlti-
lating system?
O ] IR G ke W S s A o P P! C e e
s It is the Torce which clroulales the aiy curremt avoulc Lhe vare

dens peiLe of & nite.

25, Qe What ar= the two melhods used today to create this ventilating
prassure”
A, The bLlmring ard “the exhaust gyshems.

26, O, What, in genmovsl. ls Ghe priacipal of the blewing system?
A. The fan c¢reates a pressure aoeve that of the atmosphere and the
air is blown through the airway by the pressure created,

27. Qo What, in general, is the principal of the exhaust system?
A, The fan reduces the pressure below that of the atmosphere anc the
air flows through the airways toward the fan,

28, Q. How is this ventilating pressure measured?
Ao By an instrument known as a water gage.

29, Q. What, in general, is the principal of the water gage?

A, The water gege consists of a "U" tube half filled with water, One
side of the "U" is exposed to the air on the intake airway of the
ventilating system and the other side of the "U" is exposed to
the return sirway; the difference between the water level of one
side of the “UM and that of the other side, in inches, is the
water gage reading, This difference then is the ventilating
pressure.

30. Qo Where will the water gage reading be the greatest, between the
intale and the return airwoy near the entrance to the mine or
between tre intake anc the return airway near the working face?

A. Near the mine entrance-

31, Qe Exactly what cces this difference in water gage reading mean in
relation to the ventilating system?
A. A high water gage reading means that it will take more pressure to
push the air through the mine than a low water gage reading,

32, Q. What is mine resistance?
Ao It is the resistance to the flow of air offered by an airway,

33, Qe What are the two kinds of mine resistance?
A, Hatural resistance and artificial resistanco,
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What is natural resistance?
It is the friction caused by the rubbing of the air on the inner
surface of the airway.

What is artificial resistance?

It is the resistance caused by the air current striking against®
obstructions such as timbers, roof falls, constrictions in the
alrway, etce

What effect does mine resistance have on the ventilating system?
The more the resistance the higher the water gage reading or the
ventilating pressure,

How is the direction and quantity of air flow controlled in a mine?
It is carried out by the use of stoppings, doors, overcasts, under=
casts, line brattices, seals, regulators, and check curtains,

What is a stopoping used for?.

A stopping is a wall or barrier placed 1n an opening to prevent the
flow of air through that opening, thereby, ¢onducting the air
along the proper airway,

When is a door used?

A door is used in place of a stopning when the mining operation
requires travel through the entry where a stopping would ordi-
narily be placed,

What are overcasts used for?
An overcast is used to carry one current of air over another,
usually return air over intake air,

What are undercasts used for?
An undercast is used to carry one current of air under another,
usually return air under intake air,

How big should an overcast or an undercast be?

They should have a cross-sectional area equal to or greater than
the crossw~sectional area of the entry approaching and leaving
the overcast or undercast.

What is a line brattice used for?
It is used to direct the flow of air from the last cross cut to
the working face.

wWwhat are seals used for?

Their use is mainly to seal off old and abandoned areas to keep
the bad air from these areas from mixing with the regular venti-
lating current, They are also used to isclate fire and ex-
plosion areas,
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45, Q. What are regulators? : :
' b They are usually small sliding doors placed in a stopping.

k6. 0. What are regulators used for? . _
As They are used to control the amount of air so that each split will

hava gufficiecnt air for its needs,

47, Qe Where are regulators neually placed?
A, In the return airway of a split as near to the main return
airway as possibles,

8. Q. What are check curtains used for?

Ao They usually consist of one or more layers of brattice cloth and
are often used in place of a temporary door or stopping.

2+ SPLITTING THE AIR

L49. Q. What does splitting the air mean?
A, It is the dividing of the main air current into two or more separate
ventilating currents, each separate current ventilating a dife-
ferent district or section of the mine,

50. Qe Does each separate ventilating current or split have the same
quantity of air?
A, No, each split is supplied with the correct amount of air that is
needed on that particular district or section. This is done
by the use of regulatorse

51, Q. Are smokes and gases given off in one district of a mine carried
to other districts by the air current in a split system of
ventilation?

A, No, they go directly to the main return and thence to the outside,

52+ Q. What is required in order to split an air current?
A, All that is required is to have two or more separate routes for
the air to followe

53, Qe What is natural splitting?
Ao When all airways or routes are epen for the free passage of air,
The portion for each route being determined by the amount of
mine resistance in that route, :

5lis Qe What is controlled splitting?

A, When regulators are placed in the various splits to control the
amount of air passing through these splitse
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How do regulators control the amount of air passing through the
various splits?

Regulators create more resistance; thereby, letting more air go
through another split, This amount of resistance is variesd
until the right amount of air is passing through all splits.

What is a free split? :
The split which does not have a .regulator,

What is primary splitting?
When two or more splits are taken off of the main air current.

What is secondary splitting?
When two or more splits are taken off of a primary split,

3o MINE FANS

What is the most important factor in a ventilating system?
The fan,

Can a mine be satisfactorily ventilated without a fan?
Noe

Can a mine be satisfactorily ventilated with a fan that operates
only part time? i
Nos

What are the two different types of fans?
Centrifugal and axial-~flow,

Whet is a centrifugal fan?
It is a fan that has its blades set at right angles to the plane
of ‘revolution, y

What type of blades does the centrifugal fan have?
They can be either radial (paddle) blades or inclined to the radins
either forward in the direction of revolution, or backward,

Can centrifugal fans be either exhaust or blowing?
Yess

What is an axial-flow fan?
Tt is a fan in which the path of the air flow is parallel to the
axis of the fan rotors

What type of fans are the disk and the propeller?
Axial--ﬂow fans,
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What is the latest type of axial-flow fan§
The propeller types :

What advantages does this type of fan have?
(1) high efficiency,(2) ease of reversing, (3) low initial cost,
(L) adjustable blades, and (5) suitable for direct drive.

Does the location of the fan have any jnfluence on the mechanical
efficiency of the fan?

No, because the mechanical efficiency is based on the size of the
Fan and the mine resistances ;

Is the location of the main mine fan important with respect to the

mine openings?

Yes, for two very definite reasonss (1) the fan must be offset from
the mine opening by at least 15 feet and (2) the fan must be lo=
cated so that the return air cannot be drawn into the intake
openings.,

Why should the main mine fan be offset at legst 15 feet?
Because if the fan was placed in a Girect line with the mine open=
ings it may be damaged in the event of a mine explosione

What are explosien doors?

They are doors placed in a direct line with the mine opening in
whieh the fan is locateds These doors would gpen and relieve
much of the force of a mine explosion; thereby, giving more
protection %o the mine fan,

Should fans be ryn continuously or only when men are in the mine?

They should always be run continuously because intermittent
operation of a fan is often responsible for accumulations of
explosive atmospheres or the overheating of a portion of the
mneq : -

If the mine fan stops, what should be done with the men working
in the mine?

They should be withdrawn from the mine and not allowed to re-enter
until ventilation hag been restored and the mine pronounced safe
by a fire boss. it

What is a booster fan?

A fan which raises the pressure, either positive or negative, of
the air current at the point where the pressure imparted by the
main fan is insufficient to force the air current into distant
parts of the mine,

Where should a booster fan be placed?
On the intake airway,
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780 Qe What is an auxiliary fan?
A, Small portable fans, usually electrical, with canvas tubes or mebal
pipes attached,

79. Qs Where are auxiliary fans used?
A. They are used bo ventilate headings or narrow workings that are
without cross cuts.

80, Qs Are booster and auxiliary fans used in a properly planned venti-
lation system?
A. No, they should never be part of the standard ventilation system;
however, they can be used for emergencies or under exceptional
conditions,

C., COAL IINE GASES

1, AIR

le Qs In 2 mine where gas has never been detected, can you assume that
gas will never be found?
Ao No, because there is always the possibility that gas will occurjy

24 Ge Is the composition of pure dry air the same in Washington, 1 B
U.Sefo, as it is in Kabul, Afghanistan? :
A, Yes;, providing the air is free from smokes, fumes or products
of breathing in a closed roome

3. Qs For all practical purposes, what are the two gases which air is
composed of?
A. Oxygen and nitrogens

Le Q. Is air a chemical or mechanical mixture of gases?
Ao, A mechanical mixture,

5. Qs What is the most important gas known?
A, Oxygen, because without it life cannot exist.

6o Q. What is the composition of the air exhaled from the human body?
As About 16,3 percent oxygen, 7943 percent nitrogen, and Leli percent
carbon dioxidea

7¢ Qe Is the composition of the air that leaves a mine the same as that
which enters the mineg ‘
A, No, the air loses some of its oxygen and gains carbon dioxide and
any other gas that might be present in the mine.
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How does the air lose some of its oxygen?
By the breathirg of ren and animals, by the coal and *imbers &b
sorbins scas, and by oxidation of fine partvicles of suiphur

P m e ol st -
which is 3 aded dn some coal Seanlsg

What 45 ths ‘ost oxygen largely replaced by?
Carbon dioxide gZas.

Where does the carbom dloxide come from thet is found in mine air?
From ths exhel 2ip of men and animels. from the coal, and from
decaying timbers:

What other gases besides carbon ¢ioxide are liable to be found in
the mine air which leaves a mine?
Methane, carbon monoxide, and hydrogen sulphide,

‘Where does the carbon monoxide come from that is found in the

mine air?

During normal operation it comes from the gases given off when
blasting, and from any internal combustion engines that may be
running in the mine. Also, during a fire or an explosion, large
amounts of carbon monoxice are liberated,.

. Where does the methane come from that is found in the mine air?

Tt is liberated from the coal seam,

Where does the hydrogen sulphide come from that is found in mine
air?

From stagnant water or by emission from the strata,

What is *ths muisbure in the air called?
Water vapor;

Is the proportion of water vapor always the same in mine air?
Ny, it varies with temperature and pressures

Which air carries the most water vapor, hot or cold?
Hota ;

Is the miane drier in the summer or the winter?

. Winter, becauce the cold air entering the mine takes up moisture

as it is warmed by the floor, roof, and ribs of the minee

2, PEISICAL PROPERTIES OF GASES

what is specific gravity?
It is the relative weight of a substance as compared to some
standard.
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95, Q, How many c®bic feet will a ton of c¢ool with a specific gravity of

. 155 conupy? :
A¢ 2000 %~(L-5 x 62,5) = 2000 °- 95,75
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26, Q¢ What is meant when we say that carbon dioxide has a specific

gravity of Te5ay
A, It means that a given volume of carbon dicxide will be 1.53 times
& as heavy as the same volume of air at the same temperature and
pressurec

27. Qe Is it important s hat the temperature and pressure of the gas and
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What is the chemical symbol for oxygen?
Oe

What is the specific gravity of oxygen?
1,105,

Is oxygen combustible?
Noe

Will oxygen support combustion?
Yese '

Will,oxygen support life?
Yes,

Is oxygen poisonous?

NOo
Does oxygen have any color?
Nou

Does oxygen have any odor?
NOa

Does oxygen have any taste?
No ™

If the percentage of oxygen in the air is reduced to 15 percent,
what effect does it have on a man?
Practically none.



\

N U S b T e

L5.

Lé.

L7e

L8,

L9,

50,

51.

52,

53

Slie

55

564

57

Qe

Ao

Qe

A,

Qe
A

IF the percentage of oxygen in the 217 is reduced balsw L5 per
cent, what effect does it have on a man?

At first his hreathing becomes deeper and more frequent, s puLse
faster, and his face bacomes somewhat dusky: howevar, as whs per-
centage continues bo decrease his 1ife beccmes in danget,

What happens to the flame of a candle or a wick-fed fizme when e
percentage of oxygen is decreased to 15 percent?

The flame will be extinguished if the air is free of any caitbusvible
gasa

Does a small reduction in the percentage of oxygen have any effect

on the flame of a flame safely lamp?
Yes, at 19 percent oxygen the light given by the safety lamp is
only about one-third of the amount emitted at 20,94 percent

oxXygelos

b, NITROGEN

What is the chemical symbol of nitrogen?

Ne

What is the specific gravity of nitrogen?
06967

Is nitrogen combustible?

Nog,

Will nitrogen support combustion?

g
Hoe

Will nitrogen support life?
Noa )

Is nitrogen poisonous?
No,

Does nitrogen have any color?
No ®

Does nitrogen have any odor?
Noe

Does nitrogen have any taste?
Noe,

What is the main function of nitrogen in air?

To dilute the oxygen of the air so combustion will not take place
so rapidly and so that people will not be injured by breathing
pure oxygen continuously,e

ke




58{ Q. Can you detect nitrogen with a flame safety lamp?
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- No, only the lack of oxygen or the presence of methane,
"For all practical purposes, can we assume the air usually contains

at least 79 percent nitrogen?
Yes,

¢, METHANE

_What is the chemical symbol for methane?
CH),

What is the specific gravity of methane?
04555,

'Is methane combustibled

Yes.

{111l methane support combustion? -
No,

Will methane support life?
NO..A.

Is methane poisonous?.
Noe

Does methane have any color?
NO.

Does methane have any odor?
NO'

Does methane have any taste?
Noe

By what other names is methane known?

 Marsh gas, gas, fire damp, and light carburetted hydrogen,

Is methane a chemical mixture or a chemical compound?
It is a chemical compound made up of one atom of carbon combined
with four atoms of hydrogen -- (CH))e -

Why is methane found in almost all coal seams?

Coal represents the remains of plants that grew many years ago
and methane is formed by the decomposition of vegetable matter
under water; therefore, as coal was being formec, methane was
also being formed, .
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724 Q. How does methane escape from the coal seam?
Ae By coming through the pores of the ecal and through small fis-
sures or cracks in the coals

T3¢ Qe Why does methane tend to be found in holes or cavities in the
roof of a coal mine?
A, Because it is about half as heavy as air and tends to rise to the
top -specxfxc gravity of methane is O.SSSo

~ 7he Q. Even though methane is light and tends to rise, it will nevertheless
g diffuse with the mine alr, however, what will help and speed up
this diffusion?
A. A good ventilating air current,

75+ Qa What is an explosion?
A. Very rapid combustion.

764 Qe When w1ll methane explode?
A, When the mixture of methane and air is in the proper prcportions,
the mixture will burn very rapidly or explodey

77+ Qe What is the explosive range of a methane-air mixture?
A. Between 5 and 15 percent methane and at least 12,1 percent oxygens

784 Qe At what percent methane will the explosion be the most v1olent?
A, AL 9 percent.

79 Qe Why is the explosion of a methane-air mixture the most v1olent at
' 9 percent methane? »
~ A» Because the mixture has just enough oxygen to burn all of the

methane almost instantaneously. -

80, Qe At approxlmately what temperature will methane be ignlted?
,A. About 1000 degrees Fahrenhelt.

5 5 0P Q.,In a methane-air mlxture where the percentage of methane is less
. “than 5, will it explode?
A. Yo, however it will greatly increase the chances of a dust ex=-
plosion 45 flne coal dust is in suspension in the mine air,

82. Q. How is the most practical way to detect methane in mine air?
2o A. With a flame safety lampa :

de CARBON DIOXIDE

83+ Qu What is the chemical symbol for carbon dioxide?
“ Ay CO26

lhéf



8L, Q. What is the specific gravity of carbon Aioxide?
.A‘ 10529::

88, Qs Is'cszbon dioride condustibie?
A, Yo

86, Qo Will carbon ducxkide supperlt combustion

A, Noeo

Bls U WE1Y carben dioxide supnart Lifsld
Ao 1\109

BB, Q. Is carbon &loxlas polsonvast?
A, Nog

89, Qe Does carbon di.xids have any color?
A, No,,

90, Q. Does carbon dioxide have any odor?
A. NO.‘

91, Qs Does carbon cioxide have any taste?
A, Yes, an acid taste when moist and presant in considsrable quantity,

924 Qe In a coal mine where are the 6 places where carbon dioxide comes .
. from? '
K. (1) it is given off by the coal, (2) it comes from the breathing
of men and animals, (3) it comes from fnres of explosives, (W)
it comes from decaying btimbers, {(5) i%

<% comes. from the action of

¢

ox7zen o4 tho serbon of the coal, and (&) it is always a product
of couiastion, therefore, always present after a mine fire or an
%ol ke

934 Q. Wy .o 2arbon dioxide said to be the regulator of our breathing?
Roecouss an inseease in the amount of carbon dioxide breathed re-
ts an an increase of breathings,

9h9‘Qﬂ

57 carbon dioxide will a person first notice a

ove freguent breathing?

& ' parcents
954 Q> ~f oarbon dioride will a person notice a marked

¢ pil.se?

panting and & rapid
2
A, Betwsen 5 and 6 percent.

96,

£

. At what percent of carbon dioxide will a person notice a violent
vanting, throbbing, and flushing of the face?

A, At approzimately 10 percentg

97. Qs If a person breaths air containing 12 to 15 percent carbon dioxide,
What effect will it have on him?
A, The person will soon become unconsciouse

147,
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Is a flame safety lamp an indicator of carbon dioxide?
No, it only indicates a lack of oxygen.

What name do miners commonly attach to carbon dioxides?

. Black damp; however, black damp is actu2lly a mixture of carbou

dioxide and nitrogen.

Approximately what are the percentages of carbon dioxide and

* nitrogen in average black damp? ,

Between 10 and 1€ percent carbon-dioxide and 85 to 90 percent
nitrogen. :

What is choke damp?

Approximately the same as black damp except it probably contains

a higher percentage of carbon dioxides

e, CARBON MONOXIDE

What is‘tne_chemical symbol for carbon moroxide?

GO,

What is the specific gravity of carbon monoxide?

04967y

Is carbon monoxide combustible?

“Yese

Will carbon monoxide support combustion?
Noe

Will carbon monoxide support life?

. Noe

Is carbon monoxide poisonous?

- Yes, extremely so,

Does carbon monoxide have any color?
Nos

Does carbon monoxide have any odor?
Noe '

Does carbon monoxide have any taste?

: N‘Q.

What other names is carbon monoxide known by?
White damp and carbonic oxide gas,
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How is carbon monoxide formed?
It is always a product of incomplete combustiorn.

What is incomplete combustion?
Where there isnitb sufiicient oxyzen present to completely buth
all the carbon,

Wlhere in a coal mine would you have incomplete combustion?

Mine fires and explosions; +he explosion of black blasting powder;
permissible powder, and dynamite; andy the exnaust gases frem
gasoline engines,

, Why is carbon monowide combustible?

Because carpon moacxide 1g & sroduct of incomplete combustion,
4% can still take wp more cxygeul and burn to carbon dioxidee

ill carbon monoxide explode?
Yes, under certain conditions,

Under what conditions will carbon monoxice explode?
In mixtures of air and carbon monoxide where the carbon monoxide
is between 15 and 73 percente

, Why are explosions caused by carbon monoxide uncommon in coal mines?

Because carbon monoxide is very seldem found in any considerable
quantitye

Are minute percentages of carbon monoxide harmful to a person?
Yes, if breathed for a few hourse

"hat effect would breathing O.l percent carbon monoxide have on
a person? :

fie would be unable to walk in about 2 to 21 hours if at rest; but,
if walking instead of resting his legs would give way in about
an houre

Does carbon monoxide poisoning give any warning to a person?
No, a person usually just goes into unconsciousness, then death,

. Tn an atmosphere containing 0.5 percent carbon monoxide, how long

would it take a person to become unconscious?
After a few breaths had been taken,

. What color flame does carbon monoxide burn with?
, A pale blue flame,

. Can carbon monoxide be safely detected by using a flame safety lamp?
; No, because no gas cap coutd be seen unless at least 1 percent

earbon monoxide was present.

149
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What is the most practical working test for carbon monoxide?
The use of small birds such as canaries, if modern CO detectors

are not available,

W41l a small bird such as a canary he affected by carbon monoxide
before a human?

Yes, usually a canary or emall bird will fall from its perch before
sufficient carbon monoxide is present to effect a man,

Are there any other methods for detecting carbon monoxide?
Yes, several mechanical detectors have been developed,

What is afterdamp?
Tt is a mixture of gases resulting from a mine fire or explosion,

£A HYDROGEN SULPHIDE
What is the chemical symbol for hydrogen sulphide?
HoS :
2

What is the specific gravity of hydrogen sulphide?
A 19L :

' Is hydrogen sulphide combustible?

Yes,

Will hydrogen sulphide support combustion?
No,

Will hydrogen sulphide support 1ife?
No,

Is hydrogen sulphide poisonous?
Yes,

Does hydrogen sulphice have any color?
Ho,

Does hydrogen sulphide have any odor?
Yes, that of rotten eggs,

Does hydrogen sulphide have any taste?
Yes, a slightly sweetish,

B what name do the miners usually call hydrogen sulphide?
Stink damp,

Can minute quantities of hydrogen sulphide be detected easily?
Yes, bv the sense of smell,

150,



140, Q, Where, in general, is hydrogen sulphide found arownd = ccal minz?
A, Tt is sometimes given off b stagnant water, it is somatines
detected in aiterdamp, and it is sometimes found in water whica
seeps into a mine,
141, Q, At approximately what temperature does hydrogen sulphide ignite’
« At about 500 degrees Fahrenheit,

Q

A

142, Q, Is hydrogen sulphide usually found in largs quantities in coal
mines? ,

A, No, it is very seldom found in dangerous quantities,

Q

A

143, Q, Is air containing 0.05 percent hydrogen sulphide dangerous?
s Yes, at this percentage such things as giddiness and vomiting

will occur,
144; Q. What percentage of hydrogen sulphide in air would cause death in

about 'an hour?
A, About 0,07 percent hydrogen sulphide,

%4 ACETYLENE OR CATBIDE GAS

145, Q, What is the chemical symbol for acetvlene or carbide gas?
A, CoH,
146, Q, What is the specific gravity of carbide gas?
A, 0,908,
147, Q. Is carbide gas combustible?
Ay Yes, -
148, Q, Will carbide gas support combustion?
A, No, {
149, Q4 Will carbide gas support life?
A. NQ, e
150, Q, Dogs carbide gas have any color?
A, No,
151, Q, Does carbide gas have any odor?
A, Yes, peculiar and characteristic,
152, Q, Does carbide gas have any taste?
A, No,
153, Q.. Is carbide gas poisonous?
A, No, but if breathed in large quantities would cause suffocation, .

151,



154, Q. Is acetylene or carbide gas ever found naturally in & coel minc’
A, Yo,
155, -Q, Does a miner ever come into contact with carbide gas in a coal
mine? v
A, Yes, the gas which comes from the carbide lamps used by miners

is carbide gas,

156, Q. What is the chemical formula for what most miners simply call
"oarbide"?
A, Caly or calcium carbide,
157. Q, What is the principle of a carbide lamp?
A, Water (Hy0) comes into contact with caleium carbide (CaC,) and
the chemical product is carbide gas (Csz) and slaked %ime (Ca0),
158, Qo At whnt temperature will carbide gas ignite?
A, Approximately 6350 degrees Fahrenheit,
159, Q, Is acetylene or carbide gas explosive?
« Los,

A, From 3 to 73 percent acetylene or carbide gas,
d, What is the best way to insure against an explosion caused bv

carbide gas?
. Keep all caleium carbide stored outside of the mine,

Q
A

160, Q, Whot is the explosive range of carbide gas?
A
161, Q
A

h, HYDROGEN

162, Q. What is the chemical symbol for hydrogen?
A, H,
©16%, Q, What is the.specific gravitr of hydrogen?
-A, 0,070,
- 164, Q, Is hydrogen combustible?
f A-a YGS.
- 165, Q, Will hydrogen support combustion?
4 Ko NO.
186, Q. Will hydrogen support life?
: 4, No,

167, Q. Is hydrogen poisonous?
A, Npo, but if breathed in its pure state would cause suffocation,
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Does hydrogen have any color?
‘No.

‘Does hydrogen have any odor?

Noa -

Does hydrogen’ have any taste?
Noe

Where might hydrogen be encountered in a mine?

Small guantities occassionally are produced by explosives and by
explosions; however. ths most important source is the charging of
sto*agefbdttbrj incomotives where the electric current breaks
down water into hydrogen and oxygen.

.What color is the flame of burning hydrogen”
- Almost colorlesss

.Is a mixture of air and hydrogen explosive?
.Yes, : '

; What is the explosive range of hydrogen?
. Between 10 and 66 percent hydrogens

> Is there any 31mp1e or practical test for hydrogen9

Noe

i, OXIDES OF NITROGEN

, What is the most irritating oxide of nitrogen?
» Nitrogen peroxide,:

- What is the chemical symbol for nitrogen peroxide?
; NOos

. What is the specific gravity of nitrogen peroxide?

145894

What is the color of nitrogen peroxide?
ReddiSho

; What is the odor associated with nitrogen peroxide?

A burned~powder odor.
Where do the oxides of nitrogen come from in a mine?

From the burning, afterburning, and, under certain condltlons,
the detonation of high explosives,
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1A2. Q. What effect on man does the hreaxthing of axides of nibroggz h; ot
A. Thay eorrode tbe =wsplratory passage, and the breathing of rel
atively small amounts may cause death,

183. Q. What percent of nitrogen peroxide is fatal if breathed for abovi
= a half hour?
he 0,07 percent,

18lL. Q. What are "shucked" explosives?
A, Those with the wrapper removed from the cartridge,

185. Qs Why should "shucked" explosives never be used?

A. Because they usually produce harmful percentages of oxides of
nitrogen even when detonated properly.,

Js SULPHUR DIQXIDE

186, Qe What is the chemical symbol for sulphur dioxide?

187+ Qs What is the specific gravity of sulphur dioxide?
Ay 2426h. :

188, Qo Does sulphur dioxide have any color?
: A. No, i

189+ Qs Is sulphur dioxide a suffocating gas?
A. Yes. .

© 190, Qe Does sulphur dioxide have a smell?
— A, Yes, a strong pungent, sulphurous smell,

e Qs Where in a mine is sulphur dioxide liable to be noticed?
© Ae It may be given off by explosives or it may be present in gob
fires in which iron pyrite is burning,

192, Qe Is sulphur dioxide poisonous?
A, Yes,

193, Q. Can you usually detect sulphur dioxide before it reaches cone
centrations that are dangerous?
A. Yes, it is so irritating to the cyes and the respiratory passages
that it is very noticeable before it reaches dangerous concene
trations,
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4, DETECTION OF MINE GASES

What is the most common detector used for detecting the presence

of methane in the mine air?
The flame safety lamp.

Name the 3 most common types of electrical methane detectors,
M,5.A, methane detector (AP~6), M.5,A, methane detector type W8,
and M.S.A. methane detector type E-2,

_What, in general, is the principal of operation of the MeSels

methane detectors?

The detectors have a balanced electrical bridge with the filament
made of activated platinum, This filament is heated by an
electric current which burns any methane which comes into cone
tact with it., The burning of the methane increases the temp=
erature and electrical resistance of the filament; this change
of resistance unbalances the electrical circuit of the instrument,
The amount of unbalance is proportional to the amount of methane
present and is so indicated on a graduated scaleq

What supplies the electric current to the methane detectors?

A standard electric cap lamp battery,

What percentage range of methane can be detected with these 3
MeSeAs detectors?
From O to 5 percent,

" What is the M.S.A. methane alam?

An electrical instrument which samples the mine air continuously
and oives warning when a dangerous concentration of methane 1s
present in the mine air,

What bird or animal is the best live detector for carbon monoxide
?
gas !
<o

* The canary bird,

Once a canarv has been used to detect carbon monoxide, can the
same bird be used again?

-Yes, tests have shown th=t a canary does not lose its susceptibility

to carbon monoxicde after repeated exposures,

How are canaries used to detect carbon monoxide gas?

‘A canary will show symptoms of distress and usually fall from

its perch before the concentrations of carbon monoxide is
dangerous to man, i

What mechonical carbon monoxide detectors are in common use?

The Iodine Pentoxide or Hoolamite detector, the M S.A. color=
imetric carbon monoxide detector, and the M,S5.A, hand-operated
carbon monoxide indicator,
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What is the difference between the detector tubes of the hoolamite
and the colorimetric carbon monoxide detectors?

In the hoolamite the tube contains white granular impregnated
pumice stone and in the colorimetric the tube contains a yellow
silica gel.

What, in genéral, is the cperating principal of the hoolamite and
the colorimetric carbon monoxide detectors?

When air. containing carbon monoxide is rassed through the detector
tubes, the material in the tubes changes color, This color '
change then is the basis for determining the percentage of
carbon monoxide present in the air,

What, in general; is the operating principal of the 4,S.A, hand-
operated carbon monnxide indicator?

An air sample is first dehydrated and then brought into contact
with the chemical "hopcalite® which changes any carbon monoxide
into carbon dicxide. The heat generated by this chemical reaction
is directly proportional to the amount of carbon mecnoxide present -
in the air sample and is measured by differential thermocouplese

What is one instrument used to detect hydrogen sulphide?
The M.S.A. hydrogen sulphide detector,

What, in general, is the operating principal of the M.S:A. hydrogen
sulphide detector? :

A sample of air is passed through a detector tube containing silver
cyanide (AgCN4) on activated alumina (AlpO3), if there is any
hydrogen sulpgide present in the air it will react with the
silver cyanide and turn the white granules to a dark gray., The
percentage is then determined by comparing the resulting gray
to a standard color chart,

How can the percentage of oxygen be determined accurately?
The only accurate way is to collect and analyze air samples,

Is there any quick test for determining the rough percentage of
oxygen in mine air? : ; .

Yes, in the hands of an experienced user, the action,. color, and
illuminating power of the flame of a flame -safety lamp indicates
roughly the amount of oxygen within a range of 20,94 to 16 percent,

How can the percentage of carbon dioxide be determined accurately?
Only by collecting and analyzing a sample of ot

What, in general, is the operating principal of the i.3.a. sulphur
dioxide detector?

Ao A sample of air is pulled through a detector tube containing reagent

granules which are turned white if any sulphur dioxide is present
in the air, The length of travel of the discoloration is pro-
portional to the concentration of sulphur dioxide,
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5. FROTECTTON AGAINST MINE GASES

What is the best methcd of protection against mine gases during
the novmal. operation of a mined
By adequate ventilatione

What are the four methods used for protection against carbon
monoxice gZAas?

(1) ercction of baricades, (2) self-rescuer, (3) self-contained
oxvgen breathing apparavus, and (L) gas masks.

Can all four cf these methods be used in an atmosphere deficient

in oxygen?
No, only the self-contained oxygen breathing apparatus,

D, COAL MINE EXPLOSIONS

Can explosions be completely eliminated in coal mines?
No, because of the inherent dangers which exist in the mining of
coal, '

What are the three usual classificiations of coal mine explosions?

(1) gas explosions, (2) coalw-dust explosions, and (3) a combination
of gas and coal~dust explosionse

1l¢ GAS (Methane) EXPLOSIONS

What three factors are necessary to produce a gas explosion?
(1) sufficient oxygen in the air, (2) between 5 and 15 percent
methane in the air, and (3) a source of ignition.

If a variation occurs in any one of the three factors necessary
to produce a gas explosion, will an explosion still take place?
No, at least it is very unlikely even though the other two factors

are liright" for an explosion,

What are usually given as the explosive limits of a methane~air
mixture?
From 5 to 15 percent methane,

Are these explosive limits of a methane-air mixture always the same?
No, certain factors change the limits to an extent,
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7. Qo What factors can change the explosive limits of a methane-air
mixture? ,
A, The atmospheric pressure of the mixture, the temperature of the
mixture, the presence of carbon dioxide in the mixture, and a
decrease in the oxygen content of the mixtures -

8. Qo What is the source of ignition of a gas explosion?
A. ‘Heat P

9, Qe What type of heat must be present to ignite a gas explosion?
Ae. An open flame such as a match, an electrical arc, or a sparke

10, Q. Will any open flame ignite a gas explosion?
A, No, the flame must be hot enough and last long enough,

11. Q. How hot must the flame be to be the source of ignition of a gas

explosion?
Ay At least 1000 degrees Fahrenheite

2, COAL DUST EXPLOSIONS

12, Qe Will coal dust explode by itself?
As-Yes, providing it comes into contact with a source of ignition
and is dense enoughe

13.-Q.-What happens if there is methane in the mine air in relation to
a coal dust explosion?
A. It increases the possibility of a dust explosion and also makes a
dust explosion more violent when it does occur,

1l. Q¢ Is coal dust always explosive?
Ai No, only when it is raised in a dense cloudg

15¢ Qe Must the dense cloud of coal dust be large to be explosive?
A, No, only dense surrounding the source of ignitione

16, Q. Once a dust explosion occurs, does it require a dense cloud to
spread it through out the mine?
A. No, because the pressure produced by the explosion raises additional
dust in advance of the flame and thus carries along or propagates
the explosion,

17. Qs What are the seven factors that usually influence dust explosions?
Ae (1) size of the coal dust particles, (2) composition of the coal
dust, (3) amount of methane in the mine air, (L) quantity and
concentration of the coal dust, (5) distribution of the coal
dusts, (6) source and type of ignition, and (7) the surrounding
conditionss
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What size of coal dust particles are the most explosive?
The finer the coal dust, the more explosive,

Generally speaking, what size of bituminous coal dust particles
are explosive? ‘
Those that are finer then 20-mesh (0,025 inch openings).

What is in the composition of a coal dust mixture that influences
its explosibility?
Incombustible material and volatile matter,

What effect on the explosibility of .a coal dust mixture does
incombustible material have?

The higher the percentage of incombustible material the less
explosive the mixture until at 65 percent incombustible material
the mixture will not explode,

What is volatile matter in relation to coal?
It is the gassy matter given off by coal when heat is applied,

What effect on the explosibility of a coal dust mixture does
volatile matter have?

The higher the percentage of volatile matter in the combustible
part of the coal dust the more explosive the mixture,

What percentage of volatile matter in the combustible part of a
coal dust mixture is needed to make the mixture explosive?
Qver 12 percent,

‘What effect on the explosibility of a coal dust mixture does the

presence of methane in the mine air have?
The presence of a small percentage of methane will increase the
exolosibility, The higher the percentage, the more explosive,

 On an average, how much coal dust must be present in the dense

dust cloud immediatelv surrounding the source of ignition to
cause a coal-dust explosion?
More than 0,05 ounces of coal dust per cubic foot of air space,

What effect on a coal dust ecxplosion would a larger concentration
of coal dust have?
The larger the concentration the more violent the explosion,

Whv is the coal dust that is distributed on the ribs, overhead
timbers, cribbing, and lagging more dangerous than dust found
on the bottom?

Because it is much finer and because the dust on the bottom is
usually mixed with shale, sand, and other incombustible material,
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29, Q. What source and type of ignition can propagate a coal dust explosion?
A, The source can be the agency that raises the dust from its resting
place, such as a local gas e¥piosion or certain blasting powders;
also, such things as a metch; cpen light, electrical arc, or a

spark, Regardless of the scurce, the heat to ignite or propagate

T i

an explosion must be an open flame,

30, Qe What effect does the surrounding conditions have on a coal dust
explosiony A
A. The surfaes of the eatries may be ccal or rock, hard or friable,
wel or dry, rough or smooth, or timber lined; these conditions
will add inert dust, addi more fuel, or change the rate at which

&

the heat is «bsorbed from the moving flame of the explosione

3, PREVENTION OF COAL MINw BXPLOSTONS

1 31, Q. How can coal mine explosions be reduced?
A, By eliminating as nearly as possible all gas, coal dust, and sources
of ignition,

32. Qe What generally can be done to help eliminate gas, coal dust and
sources of ignition?
A. Adequate ventilation, use of water, use of rock dust, eliminate
use of open lights, use of permissible explosives, and safe use
of electrical equipment,

33, Q. How does adequate ventilation help to reduce coal mine explosion
hazards?
A, By diluting and making harmless any methane that may be given off
and by carrying away coal dust so as to prevent it from reaching
dangerous concentrationse

3. Q. How does the use of water help eliminate coal mine explosion
' hazards?
As Coal dust that is wet will cling together making the formation of
‘ a dense dust cloud difficulty

35. Qe Where should water be sprayed on the coal?
A, At the working face and at loading points because it is here that
most of the coal dust is formeds

364 Qe Will wet coal dust explode?
r A. Yes, if it comes into contact with a source of ignition apnd is in
a dense cloud; therefore, water prevents coal dust explosions
only when it wets the dust enough to prevent a dust clouda

37+ Qe What is rock dust?

A, Limestone or gypsum ground very fine so that all of it will pass
through a screen having 20 openings per lineal inch and 60 percent
of it will pass through a screen having 200 openings per lineal
inche
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How does the use of rock dust help cslirinate a coal mine explosion?
Rock dust is incombustitle and a coal dust wixbtare centainin 65

0

perceih incambustible ratorial will not cxpiodes

s present in the mine aiv, will A5 percent incombustible
materisl still mrevent an explosion?

0o, for eveuy Dol rercent methane ia the mine air 1 percent ine
combussible material should bs added to the 65 percent,
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What porticn of The passageways should be rock dusted?
The top, bottom, and ribs,

Once a mine is rock dusted, does it ever have to be rock dusted
again?

Yes, all rock dusted areas should be maintained so as to have at
least 65 percent incombustible materizl in a sample of a coal
dust mixture taken from the roof, bottom, or ribs,

How often should a mine be rock dusted to maintain 65 percent
incombustible material? 3
Every 3 months to a year depending on the amount of coal dust pre-

sent in the mine,

How is rock dust applied to the roof, bottom, and ribs of a coal
mine?

It can be applied by hand or by air pressure machines that blow
the rock dust through tubing which can be directed on the roof,
bottom, and ribs.

Should men applying rock dust wear any type of respirator?
Yes, they should wear a dust respirator to prevent the fine rock
dust from getting into their lungse

How much rock dust is needed to be sure there is 65 percent
incombustible material in a coal dust mixture?

As a general rule about 3 to Ly pounds of rock dust per lineal
foot; however, the only sure way is to take a sample after rock,
dusting to be sure of the 65 percents

What is one way in which some of the sources of ignition can be
eliminated?

By prohibiting the use of open lights in a mine (use permissible
electric cap lamps), by searching the men before they go in a mine
to be sure they are not carrying any matches or smoking materials,
and being sure that all flame safety lamps are correctly assembled
and in the hands of an experienced persons

161,



sorparavively short in

» Bxplosives
s bion temperature than,

leng il anc
Re Ulor dynemica,

50e Qe

i
A% axpiosicns cue to blastinge
Els Qa on soma of 1 e dnm which electriciiy e mesoonsible for
of cubting, driiling,
3 chher power couductors
short cirvcuits of poorly
5y g and ares frem electric
2, ; trolile 07
024-Qe What can we = el pine to Lelp eliminate the electrical
; : gource of 2 ? an explosiend
Aes Use ornly periils eleetric equisher i 2ll equipment
in a perd , Anaer, iasmseb and repais all electrical cohe
ductors frequenilyv. and permit only experiencer electriciane to
inspect and repair elecbricoi cguipme? and conanctors,
L~ COURSE OF ACTION AFTER AN
53. Q¢ Do the men working in a mine need to know the entrances and exits
other thzn those that they use every day?
A, Yes, because when an explosion occurs the regular exits may be
3 i
closed and tha men, if they don't know of another exit, may be
trapped unnecessarilys
Blie Qe If a man undergrowad survives an ex losion, what can he do?
3
As He can take a chsnce on getting out of the mine or he can erect a
barricade and remain in the mine until rescuede
55, Qe What are fwo mein hazards that threaten a miner that has survived
sglony?

Ae The asphyxiation oy carbon monoxide and suffocation from lack of

564 Q, What is & self roscuer?
A, It is 4 respirator that removes the hazard of carbon monoxide for
one«half hour or more,

57+ Qe What is the primary purpcse of the self-rescuer?

Ae It is ©o Lelp miners esnape at times ol mine fires or explosions by
providing temporary protsction from carbon monoxide gas,
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E, COAL MINE FIRES

o Y N,

Can fires in coal mines be completely eliminated?
No, because of the highly combustible nature of coal, timber,
explosives and other material usually abundant in coal mines,

When bituminous coal is heated or burned, what is liberated?
Volatile constituents that are flammable and explosives

Can this volatile matter liberated during a fire make a non-gassy
mine gassy?

Yes, a mine that under normal conditions does not liberate explosive
gas may during a fire become an extremely gassy minee

During a mine fire, what dangers or hazards are encountered?

The danger of a gas explosion; the hazard of a small gas explosion
setting off a large coal dust explosion; the danger that a fall
of roof may throw a dense cloud of coal dust into the air which
will come into conbact with the flame of the fire and ignite
or propagate a coal dust explosion; the asnger that a roof fall
will injure or kill men engaged in fighting or sealing the fire;
and, the danger of men being asphyxiated by smoke, fumes, and
poisonous gass
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What are the primary causes of min 1ir
Electricity. cpen flzmas e, explosions, friction, spontaneous comes
bustion, and pessibly 1ACPndL14M1

What are the two primary electrical causes o
Electrical arcs and short circuivs,

Where in a mine are slsctrical arcs 1iable to ba found?
From electrical parts of culting, drilling, and loadIng machines
and from the trolley poles of elecziric locomctives:

How can =n electric are or a short circui®t start a mine fire?

.If the arc comes into contact with combustible material or the

short circuit occurs in an electrical conductor that is in cone
tact with combustible material,

How is a mine fire usually started by an open flame?
The open flame comes into contact with the coal, paper, wood,
oily rags, or other combustible material and a fire results,

What may happen if a weak detonator is used to set off an ex=.
"plosive charge?
It may cause the explosive to burn instead of exploding, thus
setting fire to the coal,

How has black blasting powder caused mine fires?

It has caused many a mine fire because of the long-flame which is
produced when the powder is exploded; and also, black blasting
powder itself is easily ignited by an open flame and for this
reason can be the cause of mine fires,

_Should black blasting powder be stored inside of a mine?

No, unless it is stored in a fire proof container,

Generally speaking, how can friction start a mine fire?

" The heat generated by, or a spark produced from, friction has

coused a fire when this heat or spark came in contact with
combustible material,

What are two ways a hoisting rope can cause friction?

By*the rubbing of the rope on a "frozen'" roller and by the rope
being improperly guided and continuously rubbing on a mine
timber,

hot is spontaneous combustion of ccal?

It is the selfw-ignition of coal caused by the heat produced from
a chemical change that takes place when certain coals are loose
and finely divided,
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19, Q. What typs of electric motors should z2lways be used inside a coal
" mine? ‘

A, Permissible electric motors.
. How should permissible electric moters he maintained?
. In a permissible condition at all times,

20,

Q
A
21, Q, Where should electric trollev locomotives not be used?
A, In any atmosphere where the arc from the trolley pole is liable to
ignite a gas-air mixture,

22, Q, In an atmosphere where gas is known to be present, what type of
electric locomotives should be used?
A, A permissible battery locomotive,

23, Q, When should electric conductiors or wires be replaced?
A, At the first sign of wear or at any time they are damaged during

the mining operationa,

24, Q, How is the best wav to prevent a mine fire from being ignited by
an open flame?
A, To prohibit any open flame inside the mine,

25, Q. What type of explosive should be used in a coal mine to minimize
the danser of a mine fire being ignited during the blasting
operation? i

A, Permissible blasting powder,

26, Q4 What is the maximum number of holes that should be fired at one
time when blasting in a coal mine?

Ag Onea
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Can a2ll mine fives Dbe fought in the same way”
No, each fire has its own sharacteristics and must be Tought

accordingly.

What are the three most common methods of controlling and fighting
mine fires?

(1) direct attack, (2) enclosing the fire area with tight seals,
and (3) flooding the fire area wilh water,

What is the best method of fighting & mine fire?
By direct attack, if possible,

Why is it not always possible to fight a mine fire by direct attack?

Because of late discovery; lack of water; materials, equipment, or
essential facilities; ory improper procedure in the early stages
of the fires

What are the common ways of fighting a mine fire by direct attack?
Water, fire extinguishers, and rock dust.

How can water be made available in a mine where it is not possible
to pipe it to all working faces?
By the use of water boxes.

What is a iwater box?

A storage for water, they can be mounted on wheels and transported
on the mine track, or they can be in the form of barrels and
stored at regular intervals through out the mine, -

What other equipment should be stored with each water box?

Two large buckets, and if possible a hand pump with at least a
50 foot piece of flexible hose attached.
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What type of fire extinguisher should be used on a fire when i%

. 48 first discovered? , : .

During the firgt few minvtes of a fire almost any firs exviaguicher
will put it out unless a large quantity of gas 15 burnings

What are the L common types of portable five extinguishers used
around coal manes?

(1) soda-acid, (2) carbon tetrachlorvide, (3) foam-type. 2nd th)
carbon dioxides

What, in general, is the principal of the soda-acld fire sxtingeisher.
Carbonic gas is generated by the chemical action of acid on sodag
then the carbonic gas forces the water in the tank through the
hose and nozzle.

Approximately how far away from the fire is the soda~acid portable
" fire extinguisher effective?
Bgtween 30 and LO feet,

Should the soda-~acid fire extinguisher be used on electrical fires?
No, because water is an electrical conductor; therefore, there ia
an electrical shock hazard to the person using the extinguicher,

Can a carbon tetrachloride fire extinguisher be used on an electriw
cal fire?
Yes, because carbon tetrachloride is a non~conductor of electricity,

Aye the vapors from carbon tetrachloride dangerous?

Yes, because these vapors may be decomposed by the heat thus pro-
ducing hydrochloric acid, chlorine, or phosgene, all of which
are dangerous to the respiratory systems

When should a carbon tetrachloride fire extinguisher not be used?

This type of extinguisher should not be used unless there is a
sufficient ventilating current to carry away the carbon tetram
chloride vapors,

What, in general, is the principal of the foam~type fire extinguisher?
It produces a foam blanket containing carbon dioxide which when
spread over the surface of a fire smothers its

What chemicals are used in the foam~type fire extinguisher?

An agueous solution of sodium bicarbonate containing a foaming
ingredient in the outer tank and an aqueous solution of aluminum
sulfate in the inner cylinder,

Should the foam-type fire extinguisher be used on electrical fires?
No, because the foam is an electrical conductor the same as water,

Approximately how far away from the fire ié the foam=~type portable
fire extinguisher effective?
Between 30 and LO feet,
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What twvps of ; f4ire extinguisher chould be used
o

or cther Yebreisum predust firev
The foam-ijpe Iire exiinguisher,

Where should fire exhbinguishers be storad in a mine?

A small portab.e fire & -Jln\uLuher‘r“.an iith carbon cetracllo“iae
should be sbhored on each and every electrical machine
acid or foam-iype portable fire extinguisher shculd be @vallabLe
‘at all working places.

What type of fire extinguishers should be stored near a gasoline
engine?

A Poarniype fire extinguisher and a small carbon tetrachloride fire
extinguaisher

Is rock dust effective in fighting fires?
Yes, it is effective in fighving &all fires when they first starte.

Why is wock dust offective in fighting mine fires?

The fine limestone rock dust covers the fire and smothers it; and,
at the same time, the heated limestone dust gives off carbon
dioxide which also aids in smothering the fire.

Should rock dust, other than that used for actual rock dusting, be
stbored ia the mine?

Yes, a liberal supply should be stored near each working face and
at all places through out the mine where a fire might start,

When direct fire fighting ies impracticable, what is the most ef=
fective method for controlling and extinguishing a mine fire?
To enclose the affected regicn with tight sealss

Why does sealing the affected area with tight seals extinguish
the fire?

Tt excludes the air from the fire and extinguishes it through
the lack of oxygen necessary to support combustion,
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When building the permancnt seals, what provision should be made
in the sesls themselvaesY

Provisions for sampiing gases and for taking water-gage and Teme-
erature readings behind the seals

What can defeat the efforts to deplete oxjren end make the firve
difficult or ‘mpossible to extinguish?

Leaks around or through the sealis; cracks or breaks in the rocf from
the fire area to the ventilated part of the mine; also; any breaks
to the surface from the fire areas

When should samples of the atmosphere in a sealed fire area be
taken?

Only when the pressure is outward from the seals because if samples
are collected when the pressure is inward they can be contaminated
by the air outside the seals,

How often should samples of air behind the fire seals be collected?
Once every 2L hours for several days after the fire.

When the analysis of the air behind the seals shows a gradual and
continual decrease of oxygen, what does this indicate?
It indicates that the seals are tighte

What does the presence of carbon monoxide in the mine air behind
the fire seals indicate?
Tt indicates an active or a recently active fire,

What does the absence of narbon monoxide in the mine air behind
the fire seals indicate?

It indicates that the flame and active combustion probably have
ceasedy
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Qe Does carbon dioxide influence the explosive range of methane -ai™
mixtures when it is found within a sealed area¥

‘Ae No, the influence of carbon dioxide on the explosive range ok

methane-air mixtures within a sealed area is very 2lighh,

Qe What should the percentage of oxygen be reduced to within a sealwd
area before the area is unsealed?
A. To at least 12 percent, and preferable reduced to below 3 perceinba

Q. What two factors must be considered before a fire can be controlled
by flooding?

A, (1) the fire location must be such that water pumpec into the mine
will flood the affected area, and (2) there must be enough water
available for floodinge

.Qo Why should a mine fire be controlled by flooding only as a last

resort after direct attack and sealing have failed?
A, Because of the uncertainty of the effectiveness of flooding and
because of the damage done to the mine and equipment by floodinge

Q¢ If a fire is small when first discovered, what should the person

do who discovered it?

‘A, He should use water, rock dust, fire extinguishers, or whatever is

st hand to smother it and at the same time call for helpe

Q. If a fire is large when first discovered, what should the person
do who discovered it?

A, He should call all sections of the mine by telephone, if available,
or he should run to the nearest men, telling them of the fire and
have them spread the word through out the mine,

Qe What should the mine foreman (who should be notified immediately)
do when the men notify him that the mine is on fire?

A, He should immediately notify the mine manager and notify and
organize the fire fighting partyes

Qe What men should be allowed in the mine?
Aes Only those men that are actually engaged in fighting the fire
should be allowed in the mine,

Qe If it is decided to reverse the fan, when should this be done?

‘A, Within 10 or 15 minutes after the fire starts as later is generally

to late to accomplish anythinge

Qe Who should authorize the reversing or stopping of the mine fan2
A. The man officially and legally in charge of the mine,

Qe What equipment is available for the protection of fire-fighters?

A, self=contained oxygen breathing apparatus, and all-service gas maskse
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What are the four mos ifotox;
involved hetusen sesilog at

86aL g aine fires
(1) the owxygen content within the seal gieoa. (2, the carben
monoxice ccntent within the sealed arca, {3} 4he exbent and
intensity of the fire at the time of sealing, and (L) Lhe

character of the burning materialg

Which type of fire will cause the oxygen content within the sealed
area to diminish the most rapid e an active fire or a smoldering
fire?

An active fire,

Why does the extent and intensity of the fire at the time of seal=
ing effent the time involved between sealing and unsealing a
mine fi.re?

The extert and intensity of the fire determines how long is re=
quired for the area to cool down after the fire becomes inactive,

What acre the fact-rs that may influence the rekindling of a mine
firs when fresh alr is admitted?

The charaster of the burning material, the rate of burning, and
the change of gas composition. '

What coals burn faster and are more likely to rekindle when fresh
air is admiched?
Those that are high in volatile~combustible matter,

What type of material should the fire seals be made?
Incombustibles

When building a fire seal, what provisions should be made for col=-
lecting air samples within the sealed area?

Pipes with suitable valves, reducers, etcas, should be placed in
“the seals as they are being builte
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oL, Qe What are ths 7 preparations which mirst be made bafore
area can be wnsedlel?

he (1) oo 0-&1H"uq-&'u wust be formed including comle
oxygen breathling-appeireit 1 gas mask crews, (2
peopie that are achuaily pact of the .organization s uuwli ho
permitied in and a tha sreay, (3} ell nocessary equipmsnt
and material shc wtor the sealed area, (L) all

apsemblad o%

electric curreat should be shuht oif, (51 alkl v70pes, entries,
Ccross cubuq ete. nesr the sealad area should be heavily Tosk
dusted- xb all brattices needed bo insure that the air from the
sealed area will go directir to the ouvside should be erected
before the area is opened, and (7) an attendant should be con-
veniently lccated to warn the men if the fan does not continue

to operate properly,

95, Qo What are the 2 methods generally used for recoverying a sealed area?
A Recovery by use of air locks and recovery by use of reventilatione

96, Qe When is the air lock method preferred?
A, When the fire area is large, the fire inaccessible, or bodies are
to be recovered.

97+ Qe When is the reventilation method preferred?
A, When the fire arez can be explored by rescue crews under reasonably
safe conditions and where there is every indication that the fire
has been extinguisheda

98, Qe What is an air leock?
A, It consists of two stoppings about 15 feet apart each equipped
with doors, one of which must be kept closed at all times.

99+ Q¢ What, in general, is the principal of the air lock system of recovery?
A. An airlock is constructed culhy whe fire seal on the intake side;

then, fully equipped oxygen-breatuing apparatus crews advance
through the air lock, remove the fire seal; and explore ahead for
approximately 500 feet. If all is well, another air lock is built
here, the first air lock ram~ved, and the 500 foot area reventilateds
Aster this is completed, the process is repeated again and again
until the whole sealed area is reventilated,
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recovery?

An air lock is constructed outby vhz fire seal on the intale oilog
then, a fully equipped oxygen~breathing apparatus Ci ] 26
through the air lock, removes the fire seal. and explores
fire area, If all is well, the fire seal on ths return side 13
removed and the doors of the air lock opened,

F, RESCUE AND RECOVERY OPFRATIONS

What are the most important things for a successful rescue and
recovery operation following a mine fire or explosion?

(1) efficient organmization, (2) adequate anc proper equipment,
(3) sufficient materials, and (L) proper procedure,

1, ORGANIZATION

When should the organization of mine rescue and recovery CIrews
take place?
Before a fire or an explosion occurse

Who should be notified in the event of a fire or an explosion?
All mine officials, oxygen breathing apparatus and gas mask crews,
doctors, and other government officials connected with mininge

What precautions should be taken before men are permitted to enter
a mine after a fire or an explosion?

A1l men should be searched for matches, lighters, and other smokerts
articles; arrangements should be made to check all men in and out
of the mine; permit only permissible equipment to be carried by
the men; and issue flame safety lamps only to those authorized
to use them,

Who should be in charge of each underground shift?
A man experienced in mine rescue and recovery operations

What should be marked on the up-to-date mine map furnished by the
engineer to the man in charge of the shift as recovery work
progresses? '

Areas explored; stoppings erected; ventilation restored; location
of bodies, cars, pumps, mining equipment, and falls; and any
other important datase
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' 7 Qe Why should the change of underground shifts be made as CUIiAy
i possibie?
£ Ae To prevori interyptlon O

| 8¢ Q¢ What is ube mimimum mutbsr af moyeen braglthing
that showld be empioyed undergrouwad during rose
>]

operationss
Ae-At least twoe

¥ 9, Qe When an oxygen breathing or gas mask crew is working, where shoi
1 a reserve oxygen breathing avparatus crew be stationea?

A, At the fresh air basec.

1 10, Qo What are the duties of the hrattice crews
! Ao To erect in fresh air, temperary steepings or line brattices
w where necessely

11, Q¢ What are the duties of the track crew?
Ay To repair and clesn brack in order to facilitate the movement of
material to the advance workers., :

12.. Q¢ What are the duties of the maberial crew?
Ao To handle and transport material such as brattice cloth, boards,
timbers, etc,, from the rine portal to the advance crews,

13, Qe What other crews are necessary in a properly organized mine rescue
and recovery operation?
Ay Timbermen; laborers to clean up falls, electricians, stretcher
" bearers, and first aid men,

i i i . o .

: 1, Q. Who is in charge of the foremen in charge of the brattice crew,
the track crew, the material crew, the other various crews?

Ao The person in charge of the underground shifta

15, Qe Who is the person in charge of the underground shift responsible to?
| A. The person in charge of the rescue and recovery operations,

16; Q. Who should be permitted underground during rescue and recovery
' operations?
Ao Only those directly engaged in the operations

17, Q¢ What personnal should the surface organization include?

- Ao The personnel necessary to handle the equipment and material required
‘ in the underground work; to provide facilities for housing and
feeding the underground and surface workers; and to adequately
operate the general headquarters, the lamp house, the apparatus
room, and the emergency hospital,
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196

204
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224

23,
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250

26,

274

Qe
A

Qe

A,

Qe
A.

Qe
Ae

Qe
A,

Qe
A,

Qe

A,
Qe

A.

Qe

Qo
Ao

What equipmunt she 2N} vgailabie for- vescwe ool PeCOVErY CTES
Protective, detecorv:

What type of eguipment should be available to protect the tescus
and recovary crews?

Self~contained oxygen breathing apparatus, alli~gervice gas macks
and self«rescusrss

What type of equipment should be available to furnish adequabe
light for the crews?
Permissiltle vlectriz cap lampsg permissible flash lights, 2::d

=2
permissible iloon lights,

[

i=te

What type of equipment shovld be available to detect the various
mine gasasy
Permissibls flame safety Jamps, carbon monoxide detectors, msthane

&

detectors, and gas-analysis outfits,

What type of fire-~fighting equipment should be available for use
of the crews?
Portable fire extinguishers, rock dust, and water or water boxesa

What miscellaneous type of equipment should be available for use?

Mapsy hand tools, telephones, locomotives, cars, animals, pumps;
anemometers, thermometers, water gagesy, oxygen inhalers, stretchers,
first~aid equipment, life lines, buckets, eicC,

What type of equipment will protect the wearer against poisonous
mine gases regardlesc of concentration or against atmospheres
containing little or no oxygen? :

Only the self~contained oxygen breathing apparatuse

Name the different types of self-contained oxygen breathing
apparatus available today,

Two~hour McCaa, IM.S.A, one~hour oxygen breathing apparatus, liSed.
demand apparatus, and M.S.A. chemox oxygen breathing apparatus,.

ae McCaa 2-HOUR SELF~CONTAINED OXYGEN BREATHING APPARATUS

What are the essential parts of the McCaa?

Steel cylinder or oxygen bottle containing oxygen, valves to cone
trol pressure and circulation, cooler, rubber breathing bag,
breathing tubes, mouthpiece, and regenerators

What is the pressure of the oxygen in the steel cylinder?
2250 pounds per square inch,
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32,
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35.

36,
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Qe
Ao

Qe
Ao

Qe
A,
Qe
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Qe
A.

Qe
A.

Qe
A.

Qs

What is the function of the by-pass valve?
To furnish oxygen direct to the wearer jndependent of obler work .

ing parts.

What is the function of the reducing valve?
To reduce the high pressure of the oxygen bottle to a lower pret-

sure suitable for breathings

What controls the admission valve?
The demand of the wearer's lungse

‘When the wearer jnhales, how does the oxygen get from the oxygen

bottle to the wearer?

The oxygen goes from the oxygen bottle through the closing wvelve

to the reducing valve; thence from the reducing valve through
the supply tube and the metal tube in the cooler to the admise»
sion valve, From the admission valve the oxygen goes to the
breathing bag then to the cooler then through the inhalation
tubes to the inhalation valve in the mouthpiece. The oxygen
then goes from the mouth piece to the lungs through the wearer!s
mouthe

When the wearer exhales, were does the exhaled air go?
On exhalation the air passes through the exhalation valve, the

exhalation tube, and on into the bottom of the regenerators

rom the regenerator through the Heardoxide™ to the cooler where
it is enriched with pure oxygen supplied through the admission
valve, Then the air passes to the breathing bag from which
breathable air is drawn by the wearer at the next inhalation.

How much does the McCaa two=hour apparatué weigh?
Approximately LO poundse

be MeSoAs OWE-HOUR OXYGEi BREATHING APPARATUS

What is the operational principal of the one~hour M,S.A. breathing

apparatus?

The same as the twoe=hour McCaa oxygen breathing apparatus.

How much does the model which is worn on the back weigh?

A.., 2)-1- pounds ¢

Q. How much does the model which is worn on the chest weigh?
A, 16 pounds. ;
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38.
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Lo.

L.

L2,

- L3

Ll

L5,

L6.

L7,

L8.

Qe
A,

Qe
A,

Qe
A'

Qe
A.

Qe
A,

Qe
Ae

Qe
As

Qe

- Aa

o M.S.,A. DEJAND AFPPARATUS

o

5

For how long a period of service time is this apparatus approves

30 minutes.

How much does this apparatus weigh?

32 pounds,

How is the oxygen or air supplied to the wearer?

The air is supplied from a bottle of compressed oxygen or air
through a demand type regulator to the face piece of the wearer.

Where is the exhaled breath expelled?

Direct to the atmosphere through an exhalation valve in the face
piece,q

d, M.S,A. CHEMOX OXYGEN BREATHING APPARATUS

Is this a self-contained oxygen breathing apparatus?
Yes.

Does this apparatus contain compressed oxygen?
Noe

Where does the oxygen come from since this apparatus does not cone
tain any oxygen under pressure?

The oxygen is furnished from a replaceable canister which contains
a chemical that liberates oxygen in more than sufficient amounts
when this chemical comes into contact with the moisture from
the exhaled breath. ‘

How is the carbon dioxide in the exhaled breath taken care of?
The chemical in the canister absorbs the carbon dioxide.

Does the chemox apparatus give complete protection in all atmospheres?
YeS. .

What is the service time of the chemox?
A minimum of L5 minutes.

How much does the apparatus weigh?
13% pounds. '

How long can a chemox canister be stored before it is opened?
Indefinitely.s
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54,

55,

56,

57,
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59.

What is the proper procedure ii discarding a vsed chemsx
After the canister is removed Irom the apparatns it shou
punctured on front, hatx. and on the botLum with'a small
nail and placed in a neasly full bucket of water, Alters th

bubbling ceases, lhe bl

5

; nardster can be aissarded, The water;
which 1s caustic. shouvld be pourcd down a drain,

In addition to the timer, what other indications are there that
hing the end of its service 1ife?
! 2

The lens fezs durirg inhaiation snd the breathing bag graduelly
deflates,

What %5 the varpors of Lhe manual pressurs relief valve”

It is a mezns of relzaging s¥cess pressures which might baild

up in the breathing sysiam.

What is the purpese of the braathing bag?

To provide a breathing reservoir and to cool the oxygen coming
from the canister,

What is the purpose of the hard rubber tubes in the breathing bag?
To insure proper circulation of the oxygen through the breathing bage

What is the purpose of the plastic spacer between the inhalation
elbow and the plunger casting?

To serve as an insulator using the air space to prevent heat
transfer and thus aid in maintaining cooled oxygen for breathing,

-

What is the purpose of the metal deflectors in the facepiece?
To insure that the dry inhaled oxygen is directed across the lenses
preventing fogging,

What is the purnose of the lip around the inside edge of the
facepiece? )
To prevent leakage and provide a comfortable fit,

Explain the circulation through the chemox,

The exhaled breath passes from the facepiece through the exhalation
check valve and exhalation breathing tube to the canister,
passing down the center and up through the chemical removing
the exhaled carbon dioxide and moisture, and evolving oxygen
to mix with the exhaled oxygen, The oxygen flows into the botw
tom of the breathing bag on the exhalation side through a hard
rubber tube and is directed to the inhalation breathing tube
then through the inhalation check valve to the facepiece,

At what temperatures should the chemox be stored and started?
Above freezing or 32 degrees Fahrenheit,

After the chemox is started, at what temperatures can it be used?
At any temperature above a minus 20 degrees Fahrenheit,
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e, 11,Sih, ALL-SERVICE GAS iSK

604 Qs What are the limitations of this gas mask?"

A4 It must not be worn in an atmosphere where a flame safety lamp will
not burn or an atmosphere containing more than 2 percent by
volume of any poisonous gases including carbon monoxide.

o sk
61+ Qe Does this gas mask protect the wearer against smokesy dusts, vapors,
or mists?

A, Yes, providing there is sufficient oxygen and not more than 2 per=

cent poisonous gasesS,

62. Q.‘tht is the normal service time of the all<service canister?
A, Two hours of continuous or intermittent uses

63. Q. Does the M.,S.A, gas mask have a timer?
A, Yesa

6lie Qo What prebéﬁtidh,&houid be ‘taken with regard to the timer when a
new canister is inserted?
Ao It should be set back to zeroi

65, Q. How do you test an alleservice gas mask forf leaks?

A, (1) see that all gaskets are in place, (2) comnect timer to canis
ster and mask, (3) adjust mask to face and head, and (L) hold
hand over opening in bottom of canister and inhale gently, If
there are no leaks the facepiece will collapse on the faces

66, Qe After a cenister has been used, what should be done with it?
A. It should be plainly marked and then thrown away.

67+ Qe What instrument should always be carried with a gas mask?
A, A flame safety lamp.

I SELF-RESCUER

68, Qe What is the purpose of the selfw-rescuer?
Ae To provide an individual with protection from carbon monoxide for
at least a half-hour in an atmosphere containing enough oxygen
to support life,

69, Qe Who should carry a self-réescuer?
A. All men engaged in rescue and recovery operations,

70¢ Qo Is the self=rescuer intended for use by parties attempting the rescue
. of others?
As No, it was designed purely as an emergency device to help a person
escape from a mine in which a fire is burning, an explosion has
occured, or his other protective devices have failed,
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Qe
A.

Qe
A.

Qe
A,
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A.
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804

81,

Qe
A.

How much does the self-rescuer weigh?
13% ounces ready for use.

How does this self.-rescuelr provect a person from carbon monoxlc2?
It contains a chemicl koovn a5 Hhencalite" which charges gavioes
monoxide into carocn dioxides

How does this self-rescuer protect a person from smole?
It contains cotton filter pads which filter oub the smokea

After the self-rescuer has Leen vsed, can it be used again?
Yes, providing the roolaceable caitridge containing the cotton
filter pads and the hopcalite is replaced,

What is the procedure for using the 1M.8,A, selfwrescuer?

(1) remove the unit from the case and nlastic bag, (2) break the
seal of the cartridge by 1ifting up tne lever, (3) push the
plunger located at the center of the cartridge, (L) place the
mouthpiece and nose clip in the proper position, and (5) tighten
the neck strape ‘

3, MATERIALS

What are the two most common uses of brattice cloth?
For temporary stoppings and line curtains,

What materials are used in building a permanent stopping or a
fire seal? \
Bricks, rocks, cement; and mortar.

What materials should always be available to mine rescue and re=
covery crews?
Brattice cloth, timbers, bricks, and mortar,

What other materials are some times needed?

Lumber, nails, cement, pipe, pipe fittings, mine ties, mine track,
spikes, switches, frogs, and repair parts for available equipment,

4¢ RECOVERY PROCEDURE

What is a rescue crew?
A group of men trained and equipped with gas masks or oxygen
breathing apparatus,

What are the duties of the rescue crew?

. To explore azhead of fresh air, to reach live men, to locate bodies,

test the mine air, look for fires, zand erect stoppings where res-
piratory protection is requireds
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87,

| 88,

‘ 89

90«
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93e

‘As BetWeen the advang

Qs What is a recovery cvew*
A, A group compc:eu esttine men. troasporbatlion men, tels
attendamos, Ul rd tha man necsessary wo Cal

o Yecoval

<

Qe What ar: uoe datios
A, To perifonm G
in FReSE ai-.

Qe After au
Aa B

e e
Sorec. &8

B tht sheud
A. Repairs o
recoveiy T

J5tlie or no

Q. Where should =he froch-air e e b

' By

Ae Just outby thetv poinut where ;enbiltation hag been destroyeds

esh-air base?

Qe Should the recovery crew advencs farther tran :
ospiratery pro=

A, No, only the rescue crew nioperiy equipped Wit
‘Y

2

tection should advance paz® The fresh-air

Qe When rescue and recovery cre. v exbar the mine; what precaution
should be taken?

A, A11 men should be checked to 5ed - “hoy ace properly equipped,
and that only persons whose s21vices mey be of definite use are
allowed to enter,

Qe Between whet psrties should tel=phone conmanications be maintained?
4 ' ¢ freshealr base,

Qe What tvo. of L=lephones should be used underground during rescue
and vecovery operations?
A, Permissible portable telephones.

Qo When can gas mask crews explove ahead of the fresh-air base?
A, Wnen it 12 known that the bad air contalns sufficient oxygen to
support 1ife and not more than & peycent toxic gasese

&0 When gss mask crews are used for exploration work, what type of
eni saonid be kept in reserve at the freshwair bhase?
A. A rﬂc*qv crew equipped w1tn oxygen breathing apparatuse

Qo If an czwen breathing apparatus crew is used to explore ahead of
should a reserve crew be standing by?

.sevve crew equipped with oxygen breathing apparatus
sheulc be at the fresheair basee
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When should advance rescue crews make locg trips shaad of ihe freshe
air base?

To save lives or when a leng trip is neccssary Lo €O W sl lvely
requirec for the conbinuance cf the recovery operstic

What instsvctions shcuid be given teo ths capiain of the rescus

crew before they advance past the [regimalr base?

The instructions should include such thirgs as the extant of the
trip, distsnce to travel, things to cbeesve, time 1o be Taker
in making ths trip, emergency signals, eic.

)

2

Who should give the captain of the rescue crew these instructions?
The man in charge of the fresh-zir base,

ithen the rescue crew leaves the fieshezir base, how should they
advance?
Slowly, in single file, and abouabt 5 feet apart.

Ag the rescue crew advances, what shuuld they mark with chalk?
The direction of travel, arrows pointing to the fresh.air hase,
i

the name of the crew captain at the fartacet point of the trip,
and the day, month, and year on the faces of all places inspected,

‘What should the advance rescue crew inspect?
They should examine the roof, the roadway, and carefully note the
conditionse

If the advance crew finds that there is no indication of fire in
the area examined, what is the next step they should take?

They should erect the necessary stoppings so that ventilation ca
be restored to the explored areas

After ventilation is restored in the area explored by the advance
crews, what should then be done?
The fresheair base should then be advanced and another area explored;

How long should this process of examining an area, restoring venti=
lation to the area, and advancing the fresh-air base be kept up?
Until ventilation is restored through out the entire mine,

Where should temporary stoppings be built in relationship to the
break~thru or cross cut?

They should be built far enough inside the cross cut or other
openings in order to leave space for later construction of
permanent stoppingse

Qe When a large number of temporary stoppings are in use, what pres=

Ao

caution should be taken to insure that they remain airtight?
Men should be appointed on each shift to patrol and keep these
stoppings as nearly airtight as ppssible‘
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When ventilating any portion of a mine after sn syplosicn, DoW

should the afterdamy be conducted to the outeile?

By the most direct routec

Should air be permitted to travel through unezplored porviocns ol
the mine?

No, because if this is permitted an explosive mixture of cas mey
be brought in contact with 2 firey thereby causing asotuen
explosion,

. If a ressue crew finds a fire smoidering or an active fMre, wWwhab
o’

should they do?
They should immediately attempt to put it oub wivh water, rock dust,
or fire extinguishers before the fresh air is advanced,

If the rescue crew can not put a fire out by direct methods, what
should they do?
They should seal off the fire area promptly and effectivelys

Usually live men found after an explosion are suffering from
poisonous gases, burus, or injuries; what shoulc a rascue c¥ew
do if they find live men in an atmosphers containing afierdamp?

Men thus found should have an oxygen breathing apparatus or, if
sufficient oxygen is present; a gas mask or selfl-rescuer placed
on them immediately and then carried to fresh airs

If 1live men are found behind a barricade, what precautions should
be taken in rescuing them?

Great care should be exercised to prevent poisonous gases from
entering the barricade while the men are being rescued,

How is the best method to rescue live men from behind a barricade
to prevent poisonous gas from entering the barricade during the
rescue?

By advancing the fresh air to the barricade before attempting to
rescue the men.

After live men have been rescued, where should they be taken?
They should be taken to the hospital for further observation
and treatment,

Ag soon as possible after an explosion, what should be done to the

main haulage road? ‘
It should be retimbered, and the track cleaned and repaireds
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4o PROH FALLG OF ROOF BND COATL

i i 5 A g

s When are falls of mine reof most common?

Within a short time after the roof is firet exposed by the minin
of coal.,

When. 15 o fall of Lhs roof, face, or rib congiderad ar acsident
When it felis u#expucuedlyq

Are mine workers who trawvel around the various parts o¢f the mine
a8 Likely G0 be Injured by a fall of the roof, face, or ribs
as the mins workes who wnrks in one placa? i

No, because he that travels is only expoced a relatively short
time to any one section oI the mine.

Why is moisture from the air TnJ" it
sidered a cause of roof falls

on the monf cone

(93]
D
(0]
g
2
i
i
<
D
&

- This moisture roduces the strens Lh of the wogf rook by its -

weathering action and causes the Toof rock to swell, creck,
and spall off,

What is a "bump"?
It is the sudden rupture or settling of coal pillars or of coal
from an advancing entry or room face,

Are bumps very common in coal mines? :
Not as a ceneral trule; however, manv miners refer to the popping %
noises as bumps,

What usual“y occurs in a mine when there is a bad bump?

Coal is thrown from the face or ribs, the floor is upheaved,
timbers are broken or thrown out, cars are overturned, draw
slate or pieces of roof are tqrown down, and a wind blast
produces a dense cloud of dust,

Does the minlng method have any bearing on the roof condition?
Yes, a mining method that does not suit the natural conditions
of a mine can be the cause of a bad roof,

Where the mine roof and floor are strong, what happens when too
small pillars are left?
The pillars will begin to crush or squeeze,

Where the mine roof and floor are weak, what happens when too
small pillars are left?
The pillars will push into the roof and floor,
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What effect on the roof does working areas to close to the haowliage
road have?
It tends to weaken the roof, thus making it more likely to have

roof falls along the haulage roade

What is the greatest factor in the prevention of accidents caused
by falls of the roof?

Constant inspection of the roof by all men working in the mine,

How is the roof generally tested? i
By striking it with a bar or other tools

If the roof is solid, what type of sound is produced when it is
struck by a bar? :
A ringing or bell~like sound,

If the roof has a break in it, what type of sound is produced
when it is struck by a bar?
A drummy or hollow sounds

How often should the roof be tested in a working place?
Very frequently and in some cases every few minutes,

Generally speaking, where is the most dangerous zone in a coal
mine in relation to falls of the roof, face, and ribs?
Within 25 feet of the face,

What two ways is timbering responsible for falls of roof?
By insufficient or improper timbering and by delay in setting the
timberse

What should be done in the face region while it is being cleaned
up in preparation for timbering?
Safety posts should be set,

What is the best method to insure adequate timbering?
To have a systematic timbering plan which is always followed,

What is a good policy or motto to follow in regards to timbering?
If the roof is sound, support it and keep it good; if the roof is
bad, support it to prevent it from fallinge

When a miner is taking down draw slate or loose roof material,
what should he make sure of?
That the place where he is standing has a good roof and is safe,

o FROM HAULAGE

ormrcotnes

What two classes can haulage accidents génerally be grouped?
Those do to physical defects in haulage equipment and those due to
human failurese
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2li, Qe What are a few of the things that can cause defective navdags
o, Y equipment? , : :
A, Poorly maintained equipment; poorl.y alinsd, cleaned; aad amuiataiaed
track; cbstructions on main hauh.age roads; poorly instailed
switches; inadequate cide and ovsrnead clearances; etl,

254 Qs What are a few of the things that can cause human failuces?
" A, Such careless practices =s juaping on and off of meving trips,
“" eoupling moving cars, cpferating equipment too fast, the wearing
of loose or torn clothing, anc above all the failure to obey
instructionss

264 Q, What is the foundaticn of a good haulage system?
A, The roadbded,

27+ Qe What all should be done to insure a good roadbed?
A, It should be properly graded. adequately drained, have properly
spaced track ties, and a good ballast,

28, Qo What size track should be used on the roadbed? ‘ .
A, Heavy enough to handle the weight of loaded cars and locomotives,

294 Qe When possible, how much clearance should there be along the clear
gside of the mine track?
A, At least 30 inches from the nearest obstruction to the farthest
projections of the moving equipment,

30 Qe Where along the haulage road should man holes be placed?
A, They should be on the clear side, suitably marked, and free from
any loose rock, coal, or supplies.

3l. Q¢ What is meant by the clear side?
A, The side opposite the trolley wires

32, Qs Should lights be provided on mine cars?
Ao Lights should be placed on the front and back of every trip of
| mine cars =~ if only one car is hoisted at a time then it should
be equipped with 2 lights.

33, Qe When hoisting mine cars up a slope, what precaution should be taken?
Ae. A safety drag should be attached to the last car to prevent the
trip from going backwards in the event of a hoisting rope or
hoist failure,

3Ly Qe When hoisting mine cars up a slope or a shaft, how often should the
" rope, links, chains, and rope sockets be checked?
Ae At least once every 2L hours, ‘

35.. Qe When cars are left standing in a mine, where should they be? ‘
A, On a side track, never leave mine cars standing on the main haulage
roade

&
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When is it permissible to couple meving carsi
liever, cars should always be compietely stopped bercre the arfs
coupled together,

rips

Where and how should men trips be operaied?
They should be operated at a safe speed end not behind ~ther
on ascending grades or in front of other trips on descending

gradess

At man trip leading and unloading points. what should be done?
A safe and suitable place shouid e provided for the men and all
trolley wires in the area should be adequately guardeds

Can explosives be carried in a man trip?
Noy they should never be carried in a man trip.

Can tools and supplies be carried in a man trip?
Yes, providing they are carried in a separate care

What precaution should be taken when a man trip is operated on a
slope or incline? '

A safety rope which is connected to the main rope at a point above
the regular hitching and extending around or through all man
trip cars should be provideds

3e FROM ELECTRICITY

What type of accidents, not classed as electrical, are actually
due to electricity?

Accidents caused by mine fires and explosions from electrical origin
or accidents caused primarily by electrical contact by which a
person is thrown under or against haulage or mining equipment,

What is the main cause of electriceshock accidents in coal mines?
Contact with trolley wires,

What happens when an unprotected person touches a trolley wire?
The electric current which is being carried by the wire passes
through his body and into the grounds

Why are some electrical cables in a coal mine a shock and fire
‘hazard?

Because they are usually of a temporary nature and are repaired in
a slipshod manner when they breake

Why are the metallic frames of some electrical equipment considered
shock hazards?

Because the frame has become "alive", This is caused by failure of
insulation or the frame has come into contact with a "live" wire.
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What is the best way to prevent a plec of electrical sguipment
from becoming a shock hazarc?
By being sure that it is properly grounded

.
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What is cardox?
It is a blasting device composed of a strong, nellew, oylindrical,
steel shell charged with 1iguid carbon dioxide ab high piessure,

In general, what is the principal of cardex?

The liouid carbon dioxide is gasificd; this prnduces enough
pressure to shear the replacsable stesl dick allowing the gas=
ified carbon dioxide to escape :1to the bore hole at high enough

velocity and pressure to dislodge the coal.

How is the liquid carbon dioxide gasified?

An electrical heater element is inssrted in the steel shell and
when an electric current is applied to the heater the heat thus
produced converts the liquid carbon dioxide into gas almost
instantaneously.

- What is the principal hazard of cardox?

The danger of the shell flving out of the bore hole when fired
and expending its energy in the mine workings near the hole,

What is the best method of preventing injuries due to blasting
with cardox?

Everyone should be at least a hundred feet awar from the bore hole
and have two or more intervening right angles between him and
the shol,

What is airdox?

It is similar to cardox except that the pressure is released by
s valve instead of through a steel rupture disk and it is charged
with compressed air instead of liguid carbon dioxides,

At what average pressure 1s the compressed air compressed to
when charging an airdox shell?
Approximately 11,500 pounds per square inchs

How many times can an airdox shell be used?

Unlimited amount of times, The shell simply has to be replaced
in a bore hole, recharged with compressed air and it is ready
for use, This process can be repeated over and over again,

Is there any gas or dust explosion hazard with airdox?
No, because only compressed air is usede
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‘Are there any hazards connected with vsirg
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What is a permissible expLosLve?

It is essenbially Gynamiie that has veen modified so that the
flame produced when guploded is smalier in volume . shorter it
duration, end of a ilower temperature than thet of black biagting

powder oI Cymami.tee

Generally speaking. wWny is black blasting powder Jengevous ho use
araund & oue 1ne?

iy la dEn

of the wase of ignition by flema oy SDArkSy

the ca nendiing of metal kege, the texdce
gasew 4 o duration. large Voles
ume, high teamperatore Ll L when Iirede

Why are fuses canZewoud 4o use in blasting coal?
They are dangerowus because U auwiye an cpen light to ignite

thems
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At what rate of speed does the average fuse burn?
Fpom 30 to 4O seconds per foob, :

What material shouwld never be uged as stemming material?
Coal dust, wads of paper, or any other combustible material,

What should tamping bars be made out of?
They should be made entirely out of woods

What does an electrical detonator consist of?

Tt contains a detonabing compound. consisting of a pressed primer
load, a loose ignition charge, and an electric firing element
with leg wirese

What are the leg wires usually made out of?
Out of iron covered with white, wax-impregnated, cotton insulating
material and w.th the cnds twisted together,

When should the ends of “he leg wires be untwisted?
Just immediately belove ccnnecting them to the shot=firing circuits

How should the shobt-firing csble be made for use in coal mines?
It should be made out of shirgy, flexible, rubber insulated wire
with one wire sligntly shorter than the others

How long should a shot-Iiring cable be?
At least a huncéred feeta

When should the shunt at the battery end of the shotefiring cable
be removed? _
Arter all is ready to fire or immediately before connecting to the
battery or blasting unit,
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What are the four tynes of blasting uvrits in use
(1) dry cell, (2) wet cell, nseally the cap-damp batbery, !
magneto, and ‘i) generators

Before loading the explosive charge into the bore hole, what should
be done?

The bore hole should be cleaned out so as to prevent the cuttings
from getting between the cartridges of explcsives.

How should the primer cartridge be placed in the bore hole?
With the detonator pointing toward the bulk of the charge,

How should the entire charge, including the primer, be loaded into
the bore hole?

It should be loaded in the hole with the cartridges placed end
to end and pushed gently toward the bottom of the hole until
seated.

After the charge is placed in the hole, what should be done with
the remaining space in the hole?
I+ should be filled with incombustible stemming materiale

When ready to fire the hole, what type of warning should the shot=
firer give?

He should yell "fire" three times at 2 second intervals before
firing the shote

In the event of a misfire, how long should the shot-firer wait
before examining the misfired shot?
At least 10 minutess

How many holes should be fired at one time?
Only ones

H, FIRST AID

What is first aid?
I+ is an emergency treatment of a person who is injured or ill
to protect him until medical or surgical aid can be obtained,

What are the 5 objects of first aid?

(1) prevention of further injury, (2) checking conditions known
to be endangering life, (3) protecting injuries from infections
and complications, (L) making the patient as comfortable as
possible, and (5) transporting the patient, if necessary, to
medical assistance without injuring the patient further,
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What is included in the head?
The skull and face.

How manv bones are in the head?
R

What is included in the trunk?

In the upper portion there 1s the chest, its cavity and organs
and in the lower portion there is the abdomen, its cavitr and
organs, The upper and lower portion is separated by a muscular
partition known as the diaphragm,

How many bones are in the trunk?
54

What is included in the upper extremities?
The upper extremitv on each side consists of thé shoulder joint,
the arm, the foreamm, the wrist, and the hand,

How many bones are in the upper extremities?
%2 on each side or a total of 64,

Whot is included in the lower extremities?
The lower extremity on each side consists of
thigh, the leg, the ankle, and the foot,

the hip joint, the

How many bones are in the lower extremities?
30 on each side or a total of 80,

How manv bones are in all the extremities?
124

o

that are the two types of bandages generally used in fivst aid:

The triangular and the cravat,
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What is a triangular bandene?
It is made Swour z piecc of clolh one neter sguare by folding b2
square diizonnlly and ~ubting along the folid,

What type of knot is used to tie the ends cf 1 triangular bendege?

- A square or reef knot.

t

What is a bandage comprese?

- It consists of & :"“ made of sveral thicknessecs sf sterilo

o,

gauze sewed vo the middie of a strip ol nha¢lno

What is a towmiquei?
It is an apyﬁjuhuc uoed to check severe bleeding Irom oo ariary,

What are splints?
Thay are aprliances usually made cut of wood and are used to

“support and protect injured parts such as fractures and dislocationsi

What is respiration?
It is breathing by which air is taken into the lungs during inspire
ation and forced out durimg expiration,

What is artificial respiration?

It is a method by which normal respiration is imitated, by manual
movements, to induce breathing in persons whose respiration has
stopped,

What type of injury usually ealls for artificial respiration?
Electric shock, gas poisoning, drowning, and suffocation from
various causess

What is the circulatory system?
It consists of the heart, arteries, veins, and the capillaries by
which blood is carried to and from all parts of the body.

Approximately what percent of the weight of the human body is blood?
Between 7 and 8 percent,

What does blood consist of?
A fluid called plasma, red blood cells, and white blood cells,

What is the purpose of blood in the human body?

To carry nourishment to all the tissues of the body, furnish heat
and oxygen, and remove waste matter from tissue activity to the
excretion organs,

What are the excretion organs?
The lungs, skin, kidneys, and bowels,

29¢ Qe What is the heart?

As

It is a hollow, muscular organ, about the size of a fist which by its
* pumping action keeps the blood circulating through out the bodys
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What are blood vasselz?
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p 9
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What is lLhe average time required for the hlood te meke cne conplete
ecircuistion of the body?
About 1% minutese

What is blesding?
The flow of blood from an artery, vein, or capillary,

How do you teli whether an artery, vein or capillary is bleeding?

If the blood is bright red and comes in spurts, it is au arterys
if the blcod is dark red and flows steady, it is a vein; and it
the blood just oozes from a wound, it is a capillary.

How much blood can an average person loose before it becomes serious?
One to two pints, the lose of 3 pints can be fatals

If the principal blood vessels in the arm or thigh are cut, how
long will it take a person to bleed to death?
Between one and three minutes. :

What are the three main methods used to control bleeding?

(1) pressure applied at a pressure point, over the wound, or near
the wound, (2) the position of the wounded part of the body, and
(3) the appliciation of cold packs near the wounde

How would you control arterial bleeding?
By placing a tourniquet over the pressure point between the heart
and the wound, and by finger pressures

‘How would you control venous bleediné?

By constricting the part below the wound away from the heart or
by pressure over the wounds

How would you control cabillary bleeding?
By applying pressure directly over the wounds

What is the nervous system?

Tt is made up of nerves which keep in touch with all parts of the
body and control the various body functions, It is divided into
two parts, the cerebrospinal and the sympathetic.
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What does the cerebrospinal part of the nervous system consist of?
The brain and the spinal cord.: :

What is the brain?

The brain is the collection point of nerve centers,

What is the spinal cord?

The spinal cord is that part of the body which passes down through
the center of the backbone and holds the trunk nerves which enter
and leave the brain,

What are the two type of nerves in the spinal cord?
The sensory nerves and the motor nerves.

What are the sensory nerves?

They are the nerves which convey impressions of sensations such
as heat, cold, touch, and pain from different parts of the body
to the braine

What are motor nerves?

. They are the nerves which convey impulses from the brain to the

muscles, causing movement of the muscles,

What does the sympathetic part of the nervous system consist of?
A series of nerve centers in the chest and abdomena

What part of the body does the sympathetic part of the nervous
system control?

The heart, blood pressure, digestion of food, excretory organs,
and breathing,

What is physical shock?
The state of collapse that interferes with normal action of the
heart, respiration, and circulation.

What causes physical shock?

The lack of proper balance within the sympathetic nervous system
caused by injuries, severe pain, loss of blood, severe burns,
accidents due to electricity or gas, poisons, exposure to extreme
heat or cold, fright, anger, joy, etc,

What is fainting?
A temporary loss of consciousness caused by an inadequate supply
of blood to the braine

What is an Abrasion?

It is an open wound caused by rubbing or scraping of the skin
leaving a raw bleeding surface, The bleeding is usually
capillary, ‘
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What is an incised wound? s
It is an open wound caused by a sharp cutting ecge such as a xniie,

TN .

. il B S
An inedised wound wvawdi)y hlepds I EeLY

What is a lacerated wound?

It is an oren wound with ragged edges caused by bthe skin being
torn or mashed by a bLluat instrument, A lacerated wound usually
does not bleed to freely.

What is a pwicture wound?
It is an open wound caused by a pointed 1nstrumenb such as a
needle, A puncture wound usually bleeds very little,

What is a bimise?
A closed wcund caused by a blunt instrument striking the body and
injuring the tissues beneath the skina

What is a strain?

A closed wound caused by sudden movement, by exertion in lifting,
or by moving heavy weights and overstretching a muscle or a
tendon of a muscle;

What is a sprain?
A cleosed wound caused by a sudden twist or wrench and stretching or
tearing the ligaments or other tissues around a joint,

What is a rupture?

It is the protrusion of a portion of an internal organ, usually
the bowel, through the muscular wall of the abdomen, Most rup-
tures occur in or just above the groin; however, they may occur
at other places over the abdomeng

What usually causes a rupture?

Ruptures are usually caused by muscular strains from lifting or
pushing, violent coughing, sudden jars in Jummlng, and similar
acts,

What should a first aid man do about foreign bodies such as dirt
sand, cinders, coal, fine pieces of metal, etc, which lodge in
the eye of a patient?

If they cannot be easily removed the patient should be sent to a
doctor at once.

What is a burn?
An injury caused by the body coming into contact with a dry heat
such as fire or heated objects, electricity, chemicals, etc,

What is the difference between a burn and s scald?

A burn is an injury caused by dry heat and a scald is an injury
caused by hot solution, hot vapors, or steam,
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What is the chief conse of demth which ogcurs in the first day or
two after a person has been sericusly turned?
Physical shock,

What is a first degrese burn?
The outer skin is reddened and there is slight swelling.

What is a second dezzec burn?
The underskin is affected and blisters are formed,

What is a third degree burn?

The skin is destroyed, and tissues underneath ars onmﬂ"ed‘ In
severe cases, muscles, nerves, and blood vessels may be destroyed
and the whole area charred.

How much of the surface of the human body that has been injured by
a second degree burn is usually considered fatal?
one~third of the surface,

What is the primary emergency or first aid treatment of a burn?
The exclusion of air from the burned surface,

When a person is burned by a chemical, what treatment should the
first aid man render?

He should thoroughly wash the surface with clean water and then
dress the area the same as for any burn,

What is a fracture?

; A broken bonee

What is a simple fracture?
Where the bone is broken but no wound extends from the broken
ends of the bone out through the skin,

What is a compound fracture?
Where the bone is broken and a wound extends from the bone out
through the skina

What is a Joint?
Where two or more bones come together w1thout any bony union be-
tween theme

What holds the bones together in a joint?
The strong, fibrous tissues known as ligaments,

What is a dislocation?

It is the slipping out of normal pesition of one or more of the
bones forming a joint,

What happens to the ligaments of a joint when a dislocation takes
place?

They are stretched and sometimes torn looses
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After a patient has been treated for his injuries and must be
moved, how should he be meved?
A patient shculd always be carried on a stretcher,

What is sungtioke?
A sudden atteck of illness from prolongec exposure to the direct
rays of the sun or tc cther high temperatures.

What are the symptoms of sunstroke?

Intense headache and dizziness before bscoming unconscious: the
face is red and Flushed; the skin is hot, dry, with no perspir.
atica; pulsze is surong and rspid; breathing is labored; and the
pupils of the eyes are enlarged, but of equal. size.

What is the treatment for sunstroke?

The treatment centers around reducing the temperatuvre of the body
such as moving the patient to a cncl place, applying cold appli=-
cations etc, Rub the patients limbs toward the heart and if he
is conscious give him cool water, Never give him a stimulant.

What is heat exhaustion?
A collapse from the effect of heat.

What are the symptoms of heat exhaustion?

The patient is very weak, usually conscious, his face is pale and
covered with cold perspiration, His pulse is rapid but weak and
his breathing is shallow, i

What is the treatment for heat exhaustion?

The same as for physical shock; namely, keep the patient lying down
with head low, body wrapped with blankets, apply hot applications,
use stimulants, rub the extremities, and call a doctor.

What are heat cramps?
The cramping of the muscles of the abdomen or extremities caused
by the loss of the body's salt content through sweating.

What is the treatment for heat cramps?
For a mild case increase the salt intake, warm baths, and rest. Fer
a severe or persistent case call a physician,

What is frostbite? ‘

An intense coldness and numbness, usually of the nose, cheeks, ears,
toes, and fingers, caused by prolonged exposure to severe cold. .
The frostbitten area is usually dead white,

‘What is the treatment for frostbite?

As quickly as possible the affected area should be gradually warmed
by placing the area in luke warm water, Never use hot water,
heat lamps,-het-water bottles, or stove heat to warm a frost-
bitten areas
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Apoplexy, cerebral hemorrhage, or stroke is spontaneous rupture of
a blood vessel within the skull causing a hemorrhage into the
brain tissuese,

What are the 3 general groups of poisons which enter the human
body by way of the mouth?
Corrosive poisons, irritant poisons, and systemic poisons.

What does a corrosive poison do to the human body?

It corrodes, burns, or eats into the tissues when it comes in con=
tact with the mucous membrane of the lips, mouth, throat, gullet,
and stomachs

What does an irritant poison do to the human body?
It sets up irritation within the stomach which causes distress,
nausea, vomiting, and severe paine

What are the two general groups of systemic poisons?
The depressant poisons and the convulsant poisonss

How does a depressant poison affect thé human body?
It progressively lowers the vital functions of circulation and
respirations

How does a convulsant poison affect the human body?
It produces convulsions with rapid paralysis of the vital functions
of circulation and respirations

How does a person contact rabies?
The salvia from a rabid animal enters the wound caused by the bite
and the disease is transmitted to the person bitten,

How does the poison from a poisonous snake get circulated through
out the body?

The poison from the snake enters the skin through the bite of the
snake and is then circulated through the body by the venous
circulation system,

What are the 3 most common poisonous planis?
Poison-ivy, poison-oak, and polson=sumace

s A e e e
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APPENDIX

SUGGESTED TEACHING OUTLINE

B . e

The roman numerials found below designate section numbers
of the text "Safety in Coal Mining for Afghanistan"; other numbers
and letters also refer to the text "Safety in Coal Mining for
Afghanistan",

Each lesson is designed to last approximately one and one-

half hour; however, due to circumstances which may arise in class
they may varv by as much as an hour,

IESSON NUMBER

1, Purpose and organization
a. General explanation of what will be taught
b, Organization of course e.8. time, place, and names

2, Flame safet lamp and associated mine gases
a. Oxygen (III-E-1)
b, Methane (ITI-E-3)
aa, Methane detectors other than safety lamp ( T1TuPul)
c. Flame safety lamp (I~El-a,b,c,d)

5, Flame safety lamp and associated mine gases
a, Witrogen (IIL-E-2)
b, Carbon dioxide (ITI-E-4)
¢, Flame safety lamp (I-E~l-e,f,g)

4, Flame safety lamp
a, Class participation in assembly and nomenclature

5, Measuring mine air
2, Anemometer (I-E=2)
b.. Amount of air required (II-B)
c, Measuring mine air (II.C)

6, Carbon monoxide gas and various detectors
a, Carbon monoxide (III-E-5)
b..Hoolamite carbon monoxide detector (I~E-3)
c. Other detectors for carbon monoxide (III-F-2)

7. Fire bossing
a, Lecture (I-A,B,C,D)

He



g 8, Review
/ a, Fire boss (IX-4)
’ B, Flame safety lamp (TX-A-1)

9, Review s ‘

a, Anemometer (1.A-2,
! By Deen (13.0.5.2)
{ c. Nitrogen (IX-C..5-b)

10, Review

i a, Garbon morcoxide detector (IXwA-3)

b, Methane (IX C-3.c)
1 . ¢, Carbon dioxide {IX.C-3.4)

d, Carbon monoxids (IX.C.3-e)
1 11, Mine gases

a, Propertv of gases (III-D~1)
b. Normal air (III.B}
¢, Mine air (III.C)

12, Mine gases
a, Those that are sometimes found in coal mines, but only
rarely (III-E.8,7,8,9,10) ,
b, Review carbon monoxide (IX-C=3=e)

13; Gas mask and self..rescuer
a, Lecture (VI.Ca2)
b. Lecture (VI-Ca3)

14,4 Gas mask

a, Demonstration to class of how to put on and wear all service
] . gas mask
‘ b, Class practice in putting mask on

15, Gas mask :
‘ a, Class participation in demonstrating effectiveness of
mask in room filled with coal smoke

; 16, Self-contained oxygen breathing apparatus
as Various apparatus other than chemox (VI4Calsab,c)
by Open discussion on all service gas mask

i 17, Chemox
a, Lecture (VI-C-l-d)
b, Demonstration to class on how to put on chemox apparatus
and how to insert canister,

18, Chemox

1 a, Demonstrate to class the effectiveness of chemox -- wear
.apparatus for 45 minutes '

b. Demonstrate to class how to destroy a used canister
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Chemox
a, blass participation in wearing chemox for 45 minutes ..~

L class only

Chemox
a, Same as 19 only with other half of class

Heview
a, Oas mask (IX-F..2-e)
b, self-rescuer (IX-F.2.f)
¢, Chemox (IX.F.2.d)

Peview ;
a, Methane (IX..C.3.c)
b, Flame safetv lamp (IX-A-1)
c, Fire boss (IX.A)

Review
a, Carbon monoxide (IX.Cu3-e)
b, Carbon monixide detector (IX-A-3)
c. Anemometer (IX-A-~2)

Review
a, Air (I¥<Cel)
be Carbon dioxide (IX-C-3-d)
ce Oxvgen (IX.Cm3-a)
ds NltTO gen (IX~C~3-b)

Heview
a, Other gases (IX-Cw3-f,z,h,i,3)
b, Property of gases IX~u»2$

Chemox
« Class participation 1n wearing chemox for 45 minutes
while doine work -- % class only

Chemox
a, Same as 26 only with the other half of the class

Discussion
a, Yhen vou would wear chemox in actual practice
b, When you would wear the all service gas mask in practice
¢. Questions “rom class

Mine fires
a, Introduction (V-4)
b, Causes (V-B)

Mine fires
a, Prevention (V-C)



31,

524

33,

54‘

35,
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38,

59

40,

41,

42,

43,

44,

Mine fires
a. Fighting (V=D-l-a,b)

Mine fires :

a, Fighting (V-D=l-c & VD2 ,3)

Mine fires
a. Unsealing (V-E-1,2)

liine Fires
a. Unsealing (V-BE=3,4)

Review
a, Gas masks ( KoFulan)
b, Carbon monoxide ( TX~CuBme)
¢. Flame safetr lamp { TRl )

Gas mask
a, Class participation in wearing gas mask while building a
wall in a room filled with coal smoke 4

Anemometer
a, Review (IX-A-2)
b, Class participation in determining amount of air flowing
in an entry in the mine

Coal Mine Acecidents
a, Falls of roof and coal (VII-A)
b, From haulage (V1I-B)

Coal mine accidents '
2, From electricity (VII=C)
b. From explosives (VIL.D)

Discussion
a. Answer questions from class concerning anything taught
up~to-date

Review
a, Mine Fires (IX~E~1,2)

Review
a, Mine fires (XeEa3)

Review
a, Mine fires (IX~Fmd)

Coal mine explosions
a,. Introduction (IV-4)
b, Gas (IV-B)
¢. Coal dust (IVC)

iv



45,

48,

48,

49,

504

51,

ST

53,

57%

Coal mine explosions
a, Prevention (IV-D)

Coal mine explosions
a, Course of action after (IV-E)

Chemox
a, Review { TuFugud)
b, Class demonstration to me of how to put on and start
apparatus

Chemox
a, Class participation in wearing the chemox apparatus for
45 minutes while doing work in the mine -- % class only

Chemox
a, Same as 48 only with the other half of the class

Mine ventilation
a, Introduction (II-A & Thalicl)
b, Amount of air (II—B,C)

Mine ventilation
a. Ventilation plans (II-D~2)
b. Ventilation pressure (II-D=3)
c, Mine resistance (II.D=4)

Mine ventilation
a, Control of air (II-D-5)
b, Splitting the air (IT-Deg)

Mine ventilation
a, Fan { ITala)
b, Supegestions (II-Z)

Review
a, Coal mine accidents (IXwGel,2)

Review
a, Coal mine accidents (IX-G-3,4)

Review
a, Fire boss (IX~A)
b, Anemometer (IX-A-2)
c. Safetr lamp (TE-Asl)
d. Carbon monoxide (IX=C=3-e)
e. Oxygen (I¥~C-3-a)

Firé bossing
a. Review (IX-A)
b, Class participation in making a fire boss run of the mine




58, First aid
: a, Introduction
b. Object (VIII-A)
¢, Whet to do (VIII-B)

59, First aid
a., Anatomy (VIII-C-1)
b. Dressings (VIIT-CaR)
c. Artificial respiration (VIII~C-3)

80, First aid
a, Control of bleeding (VIII-C-4)
b, Vervous system (VIII-Ca5)

81, Review '
a, Coal mine explosions (LDl 42}

62, feview
a, Coal mine explosions (IX-D-3,4)

63, First aid
: a, Jounds (VIII-C-6)

64, First aid
: a, Dressings for wounds (VIII.Ca7)
b, Demonstrate to class the dressings on pages 53.58 of USBM
publication, FIRST AID¥,
6. Class participation in demonstrating these dressings

65, First aid
a, The same as 64 above

66, First aid
" a, Burns and scalds (VIII.C-8)
b, Review dressings on pages 53-58 of USBM publication,
. RERST AID

67, Heview
a, Mine ventilation (IX-B,B-1)

88, leview ;
a, Mine ventilation (IX~B—2,S)

69, Chemox
a, Class participation in wearing chemox for 45 minutes while
doing work inside the mine -- % class only

70, Chemox .
a, The same as 89 only with the other half of the class

% = A publication by the Bureau of lMines, United States Department
of the Interior, titled "FIRST AID, A Bureau of Mines Instruction
manual", '
vi
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72 e

To%

6,

7,

78

7%

804

Bl,

First aid
a, Demonstrate to class the dressings for wounds on pages
59-85 of USBM publication, FIRST AID
b, Class participation in demonstrating these dressings

First aid
a, The same as 71 above

Review
a, Mine fires (IX-E)

Review
a, Mine accidents (IX=G)

Rescue and Recovery
a, Introduction (VI-A)
b, Organization (VI-B-1,2,3)

Rescue and Recovery
a, Auxiliary equipment (VI-C-4 thru C-12)
b. Auxiliary material (VI-D)

Rescue and recaovery
a. Procedure (VI-E)

First aid
a, Demonstrate to class the dressings for wounds on pages
67-71 of USBM publication, FIRST AID
b, Class participation in demonstrating these dressinsgs

First aid
a, The same as 78 above

First aid :
a, Review of dressings on pages 53-71 of USBM publication,
FIRST AID

Review
a, Coal mine explosions (IX~D)

Review
a, lfine ventilation (IX-B)

Pirst aid
a, Handling patients (VIII-C-11)
b, Sunstroke (VIII.C-12)
c. Heat exhaustion (VIII.C-13)
d, Heat cramsp (VIII-C-14)
e. Frostbite (VIII.C=15)



f____if_________________________________________f_____________________f________________—==f—————=

. 84, First aid
! a, Apoplexy (VIII-C-18)
b, Poisons (VIIL.C-17)

85, First aid
a, Fractures (VIIL.C-9)
b. Dislocations (VIIT~Cw10)

86, Review
a, Mine gases (IX~C)

87, Review
a, Safety lamp (IX.A=1)
‘ b, Carbon monoxide detector (IX-A-3)
» ¢, Anemometer (JX-A~2)
d, Gas mask (IX-F-2-e)
e, Chemox (I{~F-2-d)
£, Self rescuer (IX-F.2-f)

88, First aid
a, Demonstrate to class how to use splints for fractures on
" pages 88-93 of USBM publication, FIRST AID
b. Class participation in demonsirating how to use splints
for these fractures,

89, First aid
a, The same as 88 above

90, Review : ‘
a, Rescue and recovery (IXuF.l, Fe2-a,b,c, F.3)

91, Review
| a. Rescue and recovery procedure (IX-F-4)

92, First aid
a, Demonstrate to class how to use splints for fractures on
pages 94-99 of USHI publication, FIRST AID
b, Class participation in demonstrating how to use splints
for these fractures

93, First aid
; a., The same as 92 above

94, First aid
| a, Demonstrate to class how to use splints for fractures on
| " pages 100-~103 of USBM publication, FIRST AID
b, Class participation in demonstrating how to use splints
for these fractures

95, First aid
ae The same as 94 above

viii



96, First aid

a, Demonstrate to class how to use splints for dislocations
on pages 104.110 of USBM publication, FIRST AID

b, Clasze participation in demonstrating how to use splints
for these disiocations

97, First aid
a, The same as 96 above

98 Review
a, First aid (IX-H1 thru HS50

8.

100,

101,
102,
103,
104,
105,
106,
107,
108,
100,
110,
111,
112?
118,
114,
115?

116,

Review

a, Yirst ald

Discussion

a, Questious
bs Questions

First
First
First
First
First
First
First
First
First
First
First
First
First
First
First

First

aid
aid
aid
aid

aid

aid
aid
aid
aid
aild
aid
aid
aid
aid

ald

same

same

same

same

same

1 same

same

same

same

same

same

same

same

same

same

same

(1%.151 thru H101)

fiom ciass concerning anything on first aid
from class concerning anything on safety
as 58

as 59

as 60

as 63

as 64

as 66

as 71

as 78

as 80

as 83

as 84

as 85

as 88

as 92

as 94

as 96



Y

117, First aid same as 98
118, First aid same as 99

119, First aid
a., Demonstrate to ¢lass how to dress burns and scalds on
" pages 73-78 of USBM publication; FIRST AID
b, Class participation in demonstration of these dressings

120, First aid
a. Dame as 119

NOTE ;s

This is the scheduled lessons for a complete course and is
estimated that it will require at least 200 hours of teaching, If
the class is sufficiently versed in mine safety at the close of lesson
120 then a new class will be started =~ using two members of the old
class as teachers,
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