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CHAPTER I
THE PROBLEM

The mechanizatioﬁ of Indiana coal minés presented
many new problems to the productiaon force, the chief pro-
blem being the training or education'of a personnel for
supervisors.

Mechanized mining is yet so new a field that tech-
nical men properly trained in the' practices of mechanized
mining -can not be secured as needed, and any attempt to
remnove trained men from existing organizations and put them
in newlybmechanized mines is unethical and unlikely to
produce satisfactory results.

The best solution, then, is the education of an
already existing personnel, accustomed to the problems of
the prbperties in which they are employed, in order that
they may become familiar with the scientific developments

and principles relative to modern mining.

I. THE PROBLEM

Statement of the problem. While a training program

for miners is necessary, the companies have been faced with
the problem of securing text material adequate for the needs

of the men employed. A rough survey indicated that the

average formal education of the men employed as sSupervisors




was below the ninth-grade level. This would seem to in-

dicate that to attempt to use existing texts covering the

fields of chemistry, physics, and engineering, as applied

to mine management, would be to insure the failure of any

such training program. Accordingly, before a training pro-

gram designed to meet the needs of the coal mining industry

can he inaugurated, it will be necessary:

(1)

(2)

To develop a text containing the essential
scientific information necessary for modern
successful mine management.

To present these scientific data in a simple
and condensed form, limiting their application
to problems affecting mine phenomena and ex-
pressing them in clear and simple terms so as
to be easily understood.

To prepare this material in such order as

“would enable a part-time vocational instructor

employed (because of state vocational licensing
requirements) from the coal mining industry,
and Without previous teaching experience, to
fall naturally into the manner of its presen-
tation and to perform effectively his in-

structional duties.

ITI. IMPORTANCE OF THE STUDY




The Indiana coal industry produées annually an
average of approximatelj 18,000,000 tons and has an
approximate pay roll ofl$25,000,000. The industry 1s
the largest single Industrial enterprise in southwestern
Indiana. The various companies, having become increasingly
aware of the need of a training prog¥am, appealed through
the State Department of Vocational Education to the Indiana
State Teachers College for sultable text material, In-
volving, as it doeé, preparation of material to serve as
recognized authority for the operating personnel, this.
study assumes a potentlal significance greater than is

usually attached to such research.
ITI. PREVIOUS STUDIES RELATIVE TO THE SUBJECT

Singularly enough, considering the needs of the
industfy, very little attention or study has previously
been given to the problem of educating an operating peﬁ-
sonnel for the mines of Indiana,

In 1933 Mr, Henry Wayne made a study to determine the
need for and the‘possibilities of offering industrial mine
education in Terre Haute, .He cited the need of "instruction
in the kinds of gases found in Indiana mines, methods of
dealing with them, proper methods of mine ventilation, ad-
ministration of first aid, blueprint reading as it is

related to Indiana mines, and the state laws regarding
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coal mining"; but he offered no material covering these
topics.,

Mr., C. A, Herbert, Supervising Engineer of the U, S,
Bureau of Mines, in 1953, prepared an Information circular

covering Explosions in Indiana Coal Mines, 1878 to 1933,

The purpose of the study was "to_prbvide thorough knowlsdge
of the factors that have led to these past explosions that
intelligent steps may be taken to prevent simllar occur-
rences in the future." An extension of this study was -
made in 1938 by Mr, W, H . Tomlinson for a similar purpose;l
but both these studles proved too sbatistical and technical
in nature to be used as text material,

The Indiana Coal Mining Institute has published
annually, since 1935, copies of its proceedings, but these
papers presented as addresses do not contain the backgroﬁnd

required for instructional classroom material.

IV. ORGANIZATION OF MATERIAL.

Before any attempt was made to prepare text material;
it was first necessary to determine exactly what technical
lmowledge was needed in the modern operation of a mine,

To determine this in a reliable manner and in a way that

would be in no way influenced by individual beliefs or

1 W, H, Tomlinson, Fatalities in Indiana Coal Mines

1934-38, Washington Bureau of Mines,




past experience of the writer, questionnaires were
employed. These questionnaires were submitted to two
hundred fifty miners collected in class meetings in the
fall of 1938 and similaf questionnaires were'submitted to
the members of the Indiana Coal Mining Institute in 1939,

A form of the following questionngifé was used,

Questionnaire to Develop Topics to be Taught in

Evening Extension Classes for Coal Miners

1. Do you believe that instruction through evening ex~
tension classes in related technical material would
be 6f value to men employed in Indiana coal mines?

Yes No

2, Do miners and foremen employed in coal mines need
instruction in related and technical subjects?

‘ | Yes No

5. Would instruction by a qualified person in evening
classes meeting once or twice a week meet this need?

Yes No

4., Do you know of satisfactory texts specifically adapted

to Indiena problems? Yes No

If so, name them and give any comment you care to make,

In which of the following topics should the miner and fore-

man receive instruction? Check them,
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1l.

2,
Se
4,
5.
6,
Te
8.

9

10.

11.
12,
15,
14,
15,
16,
17,
18,
19,
20,

21,

- B2,

23,

General chemlstry,

Chemistry of gases found in coal mines,

Composition of air,

General physics, |

Physics'of mine gases.

Methods of chemlcal analysis,

Determination of content of air through chemical analysis,
Physiological effects of the presence of gases commonly
found in mine air, ~
Means by which noxious gases are produced,

Methods by which the presence of noxlous gases are
deteéted.

Use of safety lamps,

Use of methane detector,

Use of Orsat apparatus.

Use‘of hoolamite detector,

Method of collecting air samples,

Chemical determination of percentage of gas present,
Use of barometer,

Use of thermometer,

Use of water gauge.

Use of anemometer,

Use ‘of hygrometer,

Use of impinger.

Methods of dust calculation,
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38,
39,
40,
41,
a2,
43,
44,
45,
46,
a7,

Methods of ventilation,

Theoretical

calculation of fan efficiency.

Methods of establishing fan design,

Mensuration,

Square root.

Cube root,

Methods of mine ventilation,

Physical laws goverﬁing mine ventileation,

Calculation
Calculation
Calculation
Calculation
Calculation
Calculation
Calculation
Caléulation

Calculation

of quantities,

of air velocitles,

of pressures,

of horse powsr.

of free splits.

of forced splits,

involving choice of design.

involving friction and rubbing surface,

involving variable speeds.,

Methods of coursing air,

Ingtruction

in the construction of stopping and doors.

Methods of cohstructing overcasts,

Methods of constructing undercasts.

Methods of constructing regulators.

Methods of using booster fans.

Selection of size of shaft,




48,

49,
50.
51,
52,
53,
54,
56.
56,
57,
b8,
69,
60,
61,

Selection of size of alr course.

Construction of rock dust barrlers,

Instruction in reading electrical prints.
Instruction 1n reading mechanical blueprints,
Instruction in reading mine maps,

Mine fires, |

Mine explosions,.

Use of explosives,

Use of cardos,.

Use.bf compressed alr in shooting.

Calculating movements of compressed alr,

Study of Indiena state laws,

Study of state laws of principal coal-producing states,
Study of federai and state laws concerning oil wells,

gravel pits, and coal mines,

List any other topics you believe should be taught.

1,
2.
Se
4,
5.

Two hundred ané filve returns were received from miners

and sixty-three from mine bosses, All topics were rejected
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that did not show either the interest of forty per cent of

the total returned questionnaires or seventy per cent of
the interest of one of the two groups, as it was believed
that topiecs that did not interest forty per c;nt of the men
in the entire group were not of pertinent interest unless
seventy per cent of the men in eithef group considered
above manifested an interest in the subject,

In the final summation of the questionnaires, it was
found that selections and rejections ran closer to eighty ‘
per cent selection or eighty per cent rejection, excepting
the topics covering theoretical calculations of air move-
ment, where elghty-~-two per cent of the foremen expressed
thelr interest in this subject in contrast to twenty-four
per cent of the group of miners, Nineteen topics were
eliminated by the questionnaires and fourteen new topics of
subdivisions of topics listed were added. Table VI shows

the exact tabulation of the results of this questionnaire,

V. SOURCE OF MATERIAL

In the preparatian of the text material coverlng the
topics selected by the questionnaire, all known available
research materlal printed in the English language was
seoured'pértaining to the topics desired, None of these

covered all the toplcs desired, and practically all were

of a too technical nature to be used in a text, After
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study of all material avallable on the topics, a chapter

was prepared covering those points essential to the ob-
jectlve of the lesson or chapter, but with only an occa-

| sional direct quotation from any text. |

' The lesson subject of each chapter, the topies to

| be studied, and the lesson objective’have been listed at
the beglnning of each chapter as a guide to the instructor

in lesson preparation,

[
k-2
4
E
4
k1)
‘
N
Ed
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CHAPTER II
NORMAL AIR

Legsson Subject:

Common terms used in speaking of gases; the gases
composing normal air; and the effects of their presence

or absence in mine sair,
Terms to be Studied:

Mixture, compound, chemical compound, diffusion,

diffuéed; occlusion, specific gravity,
Gases to be Studied:
Normael air, oxygen, nltrogen, carbon dloxide, argon,

Lesson Qbjectlve:

To learn: correct use of these terms; the amount
of each gas in normal air; its use; effect on air of passage
through the mine; method of detecting change; effect on

human life .
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CHAPTER II

NORMAL AIR

The subject of mine gases 1s an 1mporﬁant bne, for
every person engaged in mining--miners, fire bosses, fore-
men, énd superintendents--should haﬁe a thorough, practical
knowledge of the various gases met in coal mine operation,
Such a knowledge, propérly appiied, will greatly lessen the
hazard due to their occurrsnce in mines, “

" In the study of mine gases the best practice l1s first

to examine the composlition of normal alr and the nature of

the gases composing it, The first step 1n such a study
mist be the definition of a few terms which will be used

in the discussion of the various gases.

1

. Definition of terms. The first of these are two terms

which may well be considered together., These are mechanical

mixture and chemical compound. FPossibly the best way to

understand the meaning of these two terms is by the use of

a concrete illustration, For instance, if some sulphur and
i iron filings were mixed together, the sulphur and pleces of
‘f iron (while mixed together) would retain their seme form,

This mixture would be called a mechanical mixture, as there

has been no change save that of mixing, Now, suppose the

mixture were heated to a red heat ahd'then ellowed to cool,
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A great change would have taken plece, No sulphur or iron
filings could be recognlzed, but instead an entirely new
substance would have been found., Thus, it would be said

that the sulphur and iron had united chemically to form a

new substance, this substance being a chemical compound of

iron and sulphur,

- The next term to study is specific gravity. Briefly,

the specific gravity of any solid or liquid substance de-
notes how much lighter or heavier a volume of that substaﬁce
is than an equal volume of water., So, if it were said the
speciflic gravity of lead was eleven, 1t would mean that a
cub;c foot of lead was eleven times heavier than a cubic
foot of water, |

Similarly, when the specific gravity of a gas is
spoken of, it means how much lighter or heavier it is thén

an>eqﬁal volume of air at the same pressure and temperatufe.

If it is sald that blackdamp has a specific gravity of 1.5,
it would mean that it was one and one-half times heavier
than air,

The next term to define is diffusion. Diffusion
means the gradual mixing or mingling of two or more gases,
Thus, if a smudge was placed in the middle of & room in

which no air was stirring, the smoke would gradually spread

to all parts of the room, This would be diffusion or the
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smoke would have been diffused. Once gases are mixed this
way, they will not separate or stratify again, This fact
1s very important, as will be seen later,

The last term 1s occlusion, which is just another
way of saying absorption or absorbed. Thus, when it 1s saild
a gas is occluded in the coal, it.mé;ns that the coal has
absorbed the gas end it is held in the coal and in the
joints and slips, : |

~ If the above four terms are well understood, they
will greatly help in the following discussion of normal air

and mine air and gases,

Composition of air. Air is a mechanical mixture of

oxygen, nitrogen, carbon dloxide, argon, and other rare
gases, These are found in the same proportions in the air,
no'matter in what part of the world the ssmples are teken,
By careful analysis 1% has been found that these gases occur

in air in the following per cent by volume:

Nitrogen (AN AR RN REE R AR NN NN ‘78.09%

;
;
;

Oxygen cseesersenseccres 20,94%
Carbon diox1de eeevoccooee «03%
Argon and other gases .ees e 94%
So, for all practical purposes, it may be sald that

normal air is seventy-eight per cent nitrogen, twenty-one

pbr cent oxygen, and one per cent of other gases,
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Oxygen. Oxygen, being the most important, will be
studied first., In order to shorten the work of writing,
the symbol O, 1s used to mean oxygen. The fo;lowing list
glves the chilef propertles of oxygen:

OXYGEN
Chemical symbol Og ' -th polsonous
Specific gravity 1,105 Colorless
Heavier than air  Odorless
Supports combustion . Tasteless

Not combustible

As mentioned previously, oxygen is the most import-
ant gas because it is absolﬁtely necessary to support life
and to support combustion., Life cannot exist or combustion
or burning teake place without oxygen. Oxygen is also
necessary for the growth of plants and for the rusting of
metals--the oxygen combining with the iron of the metal to
form a compound,

In a study of mine air, it 1is found that normael air
will be found at the first of the intake and that ﬁhe oxygen
in the air will become less as the air passes through the
mine., One of the reasons for this is that the coal on the

ribs and the faces absorbs the oxygen and gives off other

gases., Decay or rotting of timber taekes oxygen, The

bréathing of men and enimals and the burning of lights also




»
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use oxygen., If an ample current of air 1s circulated in
the mine, the oxygen content of the air will not be serious-
ly lowered; but, if this is not the sltuation, the oxygen
content of the mine air will be lowered and serious results
will follow., The effects on a man, on a flame safety lamp,
and on a carbide light are shown in Table I,

From Teble I it mey be seen that the danger may
easily be detected by a f1ame safety lamp or a carbide light.
When a carbide light begins to smoke heavily, it is time

for workers to get to fresh air,

Nitrogen., The next important gas in normal air is

nitrogen and the following is a 1list of its properties:

NITROGEN
Qhemical.symbol No Not combustible
Specific gravity .967 Not poisonous
Lighter than alr Colorless
- Will not support combustlion Odorless

Will not support 1life Tasteless

Nitrogen, so far as human llfe is concerned, has no
value or exerts no harmful effect in mine air, It ﬁill not

burn, is not poisonous, and plays no part in the mine

1 "Coal Mine Gases," Bulletin 39, Washington, D. C.,
United States Department of the Interior, 1936,




TABLE I

17

EFFECTS OF DEFICIENCY OF OXYGEN

Oxygen Present

Effect on Carbide
~Light

Effect on Man

21% burns normelly breathes normelly

19% light will smoke, breathes a little
begin to pull away more rapidly
from wlck or tube,
sputter or flicker

163% flame safety lamp bresthes faster,
will go out heart beats a

little faster

15% carbide light will becomes dizzy, ears
pull 1/8" away from buzz, headache,
tube rapid heart beat

124% carbide light will = knees weak, may

‘be put out

collapse, breathing
labored, men's life
in great danger
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atmosphere, save that it fills up the space not occupied

by oxygen or other gases, It should be remembered, though,
that nitrogen will not support life and that a man would
smother in it if the oxygén were removed,

Argon, being a completely inert gas and having many
of the same properties as nitrogen,_wiil not be considered

in our study of gas as found in normal air or mine air,.

Carbon dioxide. The last gas to study is carbon

dioxide,‘which occurs in very small quantities in normal

ailr, The following list of its properties is given:

CARBON DIOXIDE

Chemical symbol COg Non-combustible
i Specific gravity 1.529 Non-poisonous
| Heavier than air Colorless

Hés an acid taste Cdorless

This gas occurs as ,03 per cent in normal air and 1s
used bj some plants in their growth. Its presence in mine
ailr is increased by the breathing of men and animals, the
rotting of timbers, the burning of lights or fires, and

the fumes from explosives, It occurs occluded in the coal

T

and 1s given off at the face along with methane. It 1s

Sy

found in great quantities after an explosion or mine fire,

Mixed with some other gases, 1t 1s known as blackdamp and
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is dangerous if very much 1s present. Being heavier than

air, 1t will be found to lie next to the floor, in swamps,

and at the faces of working places going down hill, Table

I1 shows its effect on man when occurring as blackdamp,
The occurrence, detection, and effects of this gas

will be more thoroughly discussed in the next lesson under

the heading, “Blackdamp,*"
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TABLE ITI

EFFECT OF CONCENTRATIONS OF CARBON DICXIDE

: Per Cent in Alr Effect on Man2
f 1% will breathe more rapidly
? 219 breathing very rapid
y |
L 5% breathing very difficult, |
i legs weak

10% ' collapse

12% unconsciousness and probable

death ‘

© 2 J. J. Forbes and G. W. Grove, "Mine Gases and
Methods for their Detection," Washington, D. C., Superin-
tendent of Documents, 1938.
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QUESTIONS FOR CHAPTER II

e

1. What is meant by specific gravity?

2. What is meant by mecﬁanical mixture?

5o What is meant by chemical mixture?

4, If some sulphur and iron.filings‘ﬁere mixed together,
would this result in a mechanical or chemical mixture?

5. If the sulphur and iron filings were heated to a red
heat, what new substance would be formed?

6. What is meant by occlusion?

7. What is meant by diffusion?

8. Name the various gases of which the air is composed,

|

j ©. Name the physioal and chemlcal properties of oxygen.

10. How may the lack of oxygen be detected?

11. State what you would do if you were walking down hill
or into old workings in the mine and your light shot
out in a long blaze and began to smoke heavily.

12, What would you do in the above case if you were traveling
against the air? | \

13, You are going along an entry in old works with your lamp

on your cap or your safety lamp above your head. You
lower it knee'high—-it smokes, sputters, and goes out.
What has happened?

14. What per cent of oxygen must be present to support life?

1
1
f




15.

16.

17.
18.
19.
20.

21,

22,

23,

24.

25,

26,

27,

28,

29,

' Where will carbon dioxide most prdbably be found in

How will the lack of oxygen in air influence a man's
breathing?

How will the lack of oxygen in air influence a man's
heart action?

Is every headache occurring in thg mine due to bad air?
What is the specific gravity of dxygen?

What 1s the specific gravity of nitrogen?

What gas has no valué, as far as human life is concerned,
or exerts no harmful effect in.mine air?

What-gas is completely inert?

What 1s the specific gravity of carbon dioxide?

Why is it important to know the specific gravity of
carbon dioxide?

How is carbon dioxide produced in coal mines?

Namg one of the gases occurring in the fumes of powder.
What gases may be taken from the air and what gases

may be added to it in the passage through the mine?

What per cent of oxygen must be present for a safety

lamp to burn? |

What per oent.of oxygen must be present for a carbide

light to burn?

What per cent of carbon dioxide in the mine air is

likely to cause probable death?




a mine?®?
31, What more common name is known for the mixture of de-

pleted air and carbon dioxide?




CHAPTER III

§ MINE GASES

Lesson Subject:

i Noxious and explosive mine gases, their properties,

occurrence, detection, and prevention.

Mine Gases to be Studled:

| Firedamp; blackdamp; whitedamp; flashdamp; stink-

damp; hydrogen; and acetylene.

J Lesson Objective:

: To learn what these gases are, where they may be
\ expected to be found in the mines, what their effect is
on human 1ife, how they may be discovered, how they may
be guarded against, how they may be removed, and effect

of water vapor.




CHAPTER IIX
MINE GASES

In the last chapter; gases found in norﬁal alr were
studied., 1In that chapter, some terms used in the study of
gases were defined, the occurrence and-properties of the
gases forming normal ald were discussed and the effect on
normal air by its passage'through a mine was considered,
In this chapter, the common mine gases will be studiled.
From the study of these gases, the chief points to be
learned are what they are llke, how they occur, how they

may be detected, and what dangers arise when they occur,

Methane. The first of these and the most common is
methane, or as 1t 1s more commonly called when mixed with
air, firedamp or marsh gas, The followlng table shows its
prbperties:

METHANE (MARSH GAS)®

Cheﬁical symbol CHy Will burn

It is a chemical compound Explosglive
Will not support combustion Not poisonous
Specific gravity .559 | Cblorless
Will not support life Odorless

3 "Coal Mine Gases," Trade and Industrial. Series
No. 9. Bulletin #39., Washington, D. C. Department of
~Interior, 1931,
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Flredamp, the common explosive gas in mines, is a
mixture of methane and air and is found in almost all mines
at some time or other during their life, 'This‘is important
to remember, as there have been several mines which had been:
considered non-gaseous in which gas-later has been ignited
and severe accldents have resulted,. -

This gas occurs occluded in the coal and in the
faults, slips, and bedding planes of the seam, It escapes
from the coal by coming through verj small fissures in
cracks, called Teeders."” As working faces are advanced,
fresh feeders are encountered in each fall; consequently,
working places in new work will have more gas than old
works where the gas has a chance to “"bleed" off, A working
sectlion "on the move" or “in a squeeze" will also have more

gas because of the squeezing and bursting effect on the

.pillars. Also, some coal seams have methane in the slate

above the seam or in the fireclay below the seam, and a
squeeze will force out or turn loose this gas. Nuch methane
will also be found in a region of faults, slips, or rolls,
as the gas follows'these structures through the coal mine

Seam.

Methane is the only important inflammable gas issuing

"from coal, A mixture of it and air is explosive and can

~ be ignited when there 1s five per cent of methane in the

alr, The maximum explosibility of a methane and air mixture
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is reached when the methane present is about nine psr cent
of the volume, If there is more than fifteen per cent of
methane present, the mixture is not explosive and cannot
be ignited, Five per cent, the lowest explosive limit,
nine per cent the most intense explosive point, and fifteen
per cent, the 1limlt beyond which the gés is not explosive,

are points that should be remembered.?

Methans having a S§ecific gravity of .559 1s lighter ]
than air and will accumulate in entfies or rooms going up
hill; or on top of falls, or in other holes in the roof,.

It will also accumulate in the face of advance workings and
other places where there is not enough air in circulation
to dilute or carry it away. Methane once mixed with air
below the explosive limit will not again separate or stratify
- to an extent that it can be ignited,

Methane, being colorless, odorless, and tasteless,
cannot be detected by the sight, taste, or smell, although
sometimes other gases occurring with 1t will make its
detectlon possible by one of the senses} The safe method
of detection most éommonly used 1s by observing the effect
produced on the flame of a safety lamp, for the presence of
this gas can be deﬁected on & flame testing lamp by an
experienced fire boss when one per cent or more is present,

i

4 Coal Miner's Pocketbook. New York Clty, New York,
 MeGraw Hill Book Co., p, 850-853,
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Its detection by the safety lamp will be studied under the
next chapter. It should be noted before leaving thls subject
that, while methane is not explosive until five per cent is
reached, it has been provea conclusively that less than this
amount will generate an explosion when mixed with coal dust.®
In other words, mixed with very fine,caal dust in the air,
one per cent of methane may mean en explosive mixture., For
this reason, methane on the return should be kept below five-
tenths of one per cent, particularlj 1f the return is on the~

haulage road.

Blackdamp., This gas 1is a mixture of depleted ailr
and carbon dioxide but i1s not as commonly found as firedamp.,
However, it 1s often found in some mines, It 1is found at
the floor and in swemps, dips, low parts of the mines, in
sealed works, and in the return from mine fires, It is pro-
duced by any action that removes oxygen and adds carbon

dioxide to the air current, as for example, the burning of

lamps, breathing of men and animals, burning of mine fires,
and by the decaying of timbers, ties, etc, Sometimes, it
has been found occluded in the coal seam, While blackdamp

is not poisonous, a man will soon be smothered when it is

5 George S. Rice and H., P. Greenwald, "Coal Dust
Explosibility Factors Indicated by Experimental Mine In-
vestigations," Technical Paper 464, Washington, D, C.,
United States Government Printing Office, 1929.

) S e s
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present in large quantities thus materlally reducing the

oxygen content, It is easily detected by use of flame lamps,

i
|
|
|
!

and may be detected by the difficulty in breathing,

Flashdamp. Another mine gas that should be mentioned
at this time is ”flashdamp."6 This 1s the name most commonly
used by fire bosses., Flashdamp is a mixture of methane,

carbon dioxlde and nitrogen and is seldom encountered in the

mines, 1Its presence causes a testing lamp to glve a pecu-
liar flame which flares up with a characteristic methane cap,
only darker, then suddenly goilng out., Whether it is found
near the floor or roof depends upon the percentages in the

mixture of methane, carbon dioxide, and nitrogen.

L Carbon monoxide. The next gas in lmportance is

| carbon monoxide or whitedamp, as it is called by miners when

mixed with air, and the followlng list gives its properties:

CARBON MONOXIDE (WHITEDAMP)

Chemical symbol CO Will burn )

Specific gravity ,967 Is explosive

Is a chemical compound Extremely polsonous
Will not support combustion Colorless

Will not support life Odorlsss

<

6 J. K. Clement, "The Influence of Inert Gases on In-
flammable Gaslous Mixtures," Technical Paper 43, Washington,

D, C., United States Department of the Interior, 1913,
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Carbon monoxide is the product of imcomplete conm-
bustion--for example, the slow burning of gob fire in de-
pleted air. Considerable carbon monoxide is always found
in the return air coming ffom 2 mine fire and ié also pro-
duced to a limited extent in the explosion of powder in
blasting. About five and one-half qubic feet of carbon
monoxide is generated when one and one-hzlf pounds of
black powder is exploded;' Although this gas is infleammable
and explosive, it is not dangerous from this cause, as it
would require twelve and one-half per cent of CO to be
present to form an explosive niixture; and such a strong
percenpage in mine air is practically unknown.

Carbon monoxide is extremely dangerous as a poisonous
gas and a percenfage as small as two-tenths of one per cent
of this gas, 1if breathed for any length of time, is fatal. -
The effeét igs cumulative and will cause permanent injury to
the health. It has & poisonous effect, the victim becoming
weak, nervous, and helpless. A man inhaling a mixture con-
taining as little as one-tenth of one per cent of this gas
for one hour, would be unable to walk. This gas, being
lighter than air, will be next to the roof and cannot be
detected by a safety lamp; for, although it gives a.cap
similar to methane, only lighter, before enough of the gas
could be present to be detected by lamp, the atmosphere would
be fatal to breathe.
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Another source of this danger 1s from the exhaust
of gas engines, No form of gas engine as known-at present
should ever be operated underground; and on top every pre-
caﬁtion should be used to operate a car or gas engine in a
garage or cohfined space, as many people have lost thelr
lives in this way. A car running in ;n ordinary one-car
garage for fifteen minutes may create a deadly atmosphere,

Formerly, the ordinary means of testing for this gas
was by the use of canaries or mice; but lately a device has.
been perfecﬁed called the hoolamite indicator by which the
alr can be tested mechgnically for the presence of carbon
monox;de. This indicabtor is merely a little glass tube
filled with a powdered chemical, When air is drawn through
it, if any CO is present, the powder will change color, the
degree of change of color depending upon the amount of CO A

present,

Hydrogen. The gases that have been named are the
common mine gases,'but three more which sometlmes, although
very rarely, occur will be given., The first of these is

hydrogen and the chart gives its characteristics:

HYDROGEN
Chemical symbol Ho Is an element
Specifiec gravity .069 . Very explosive

Will not support combustion Non-polsonous

Will not support life Colorless
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OCCURRENCE AND EFFECT OF COMMON MINE GASES

Name Specific Dangerous Occurs
) Gravity Because
Methane occurs explodes, new works, rooms
as firedamp «569 burns and entries, going
: uphill places driven
ahead of air, places
: having no ventilation,
: in squeezes
. Carbon dioxide smothers dip workings, old
1 occurs as work not ventilated,
; blackdamp - 1.529 behind seals, return
; ‘ from mine fires
3 Carbon monoxide polsons in the return from .
occurs as : - smoldering mine fires,
whitedamp . «987 in cavities in roof,

near mine fire and
after fire
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The only source of this gas, so far as miners are
concerned, is in the charging of electric storage battery
locomotives and other batteryAequipment. For this reason
it is important that storaée batteries when beihg charged
should be in a good air current so there can be no accumula-

tion of this gas, as it is very exploSive.

Hydrogen sulphide. The next of these gases is hydrogen

sulphide or "stinkdamp" and its properties are:

HYDROGEN SULPHIDE (STINKDAMP)

Chemical symbol HoS Will burn

Specific gravity 1.,1908 Is explosive

’Is & chemical compound Extremely poisconous
Will not support combustion Colorless

Will not support 1life Smells like rotten eggs

Hydrogen sulphide occurs in the mine as a product of
the burning of black powder and is found sometimes, but rare-
ly, in blowers., It is also given off by decaying matter in
swamps or waterholes. It is very polsonous in as small quanti-
ties as fivé—thousands of one per cent of the ventilating
current. It is also extremely injurious to the eyes, It is
easlily detected, having a very offensive smell similar to
rotten eggs. Anyone smelling this odor should get to fresh

alir ‘or away from the smell.

i
I
!
i
i
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Acetylene. The last gas to be considered is acetylens,

The following chart glves its properties:

ACETYLENE
Chemical symbol 0234 Will burn
Specific gravity .906 Is a compound
Will not support oombusfion ' Has a sharp odor

Will not support life Colorless

The only way this gas is formed underground is by
the action of water on carbide, Care should be taken that
no great amount of carbide is stored underground or that
water does not come in contact with a large amount of car-
bide aﬁ one time, as it would make enough gas to seriously
burn a men. There is 1little liklihood of this happening,
however, if ordinaery precautions are observed. This gas is-
f sometimes‘brought into the mine for cylinder welding and
care shouldAbe used in handling these cylinders,

Water vapor, The presence and effect of water vapor

in the air also affects the safety and healtn of the miner
and the oondition of the mine, If the alr carries all the
moisture it will hold, it is said to be saturated, Such

an atmosphere is very uncomfortéble, as the perspiration

O i { s e onl N . .
R e L

from the body will not evaporate and any rise in temperature

Py

- will be severely felt,
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The effects of the amount of water in the alr also
have an important bearing on the safe condition of the mine,
In warm wegther when the ogtside warm air is moist or
“sticky" as we say In summer, the air 1s cooled on entering
the mine and drops some of this moisture on the roof and
rivs., This helps to keep the mine in é damp and safe con-
dition, In winter time this condition is reversed; the
cold air entering the mine is dry and as it warms up it
picks up moisture from the mine, making the mine dry. This

brings on a dusty condition and the danger of dust explosions

| is greater in the winter months. The greater frequency of

serious explosions in the winter and spring months than in
other months is due to this effect,

Another action is the effect of warm air on the roof,
This, due to a combination of causes, makés the roof hazard.
during the summer months much greater than during the winter,
In summer some types of slate are prone to cut because of
action of the warm air, and some companies use alr condi-
tioning on their intakes to overcome this., Rock dusting,

gunniting, or painﬁing is also used to protect the top.
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QUESTIONS FOR GHAPTER III

What 1s the specific gravity of methane and why is it
important?

What three‘ways can a miner lose his life through
contact with mine gases? '

What is the most dangerous mine gas?

How may marsh gas be.detected?

Where will it be found? B

Is it lighter or heaviér than air?

Why is 1t dangerous?

What mine gas poisoﬁs the most miners?

How can carbon monoxide be detected?

Is 1t heavier or lighter than air?

Where will it occur?

Why is it so dangerous?

Where will blackdamp be.found?

What causes it?

Is 1t heavier dr lighter than air?

How may 1t be detected?

What is the most difficult gas to clear and why ?
What dangers may arilse in charging a storage battery
locomotive?

Whatvprecautions should be used in handling carbide?

What 1s the most poisonous mine gas?
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Where 1is it found?
How is it detected?
Should gasolene pumps or motors be.used underground?
Is a mine having fifteen per cent oxygen in the air
more dangérous if six per cent of carbon dioxide is
added? -
How would you approach a mine fire?
Explain the action of air on a mine.in summer? In
winter? |

If you were & fire boss, how would you examine a mine?
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CHAPTER IV
SAFETY LAMFS

Lesson Subject:

The principle, construction, and use of devices

used in testing for the presence of mine geses.

Devices to be Studied:

s e i

Fleme safety lamps, M. S. A. methane detector,
:hoolamite carbon dioxide indicator. Use of birds and

animals.,

Lesson Objective:

To learn: the principle; construction, care and

use of various flame safety lemps; to learn: principle

and use of a methane detector and a hoolamite indicator.




CHAPTER IV

SAFETY LAMPS
In 1815 an Englishman, Sir Humprey Davey,7 made the
first safety lamp to be placed in use. From this early lamp,

the modern Davey lamp has been developed.

Principle of safety lamp. The principle developed

by Davey, which is still the one upon which the safety of
modern lamps depends, is that a fiame enclosed in a fine
meshed screen will be cooled enough by this screen that it
will not pass through and light a surrounding atmosphere
thaq is inflammable. That is, if an inflammable mixture of
gas or air is drawn into a safety lamp, the gas will be
ignited and may even explode within the lamp; but the flame
of such an ignition or explosion will be cooled enough by‘
the gauze which surrounds the flame of the safety lamp that
it will not light the explosive air that is outside the lamp.
This safety feature is true only so long as the gauze remsains
cool. If this gauze or screen becomes heated too much by ‘
carryingAthe flaﬁe of the wick too high, or allowing the lamp
 to remain in a body of gas too long, the flame may pass

through the gauze and set off the gas outside. For this reason,

' 7 James I. Beard, "Questions and Answers," Volume I,
New York, McGraw Hill Book Company. p. 209.
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flame sufety lamps should be used with care in testing for
gas and should be used only by persons who understand their
use and care, '

The original safety lamp as made by Davey consisted
only of a fount or oil chamber, a wick, and gauze covering
the flame, Later developments added tﬂe glass, the auto-

matlc lighter and the bonnet shielding the gauze,

Parts of a safety lamp. Today the essential parts

of a good, safe testing light are as follows:

(1) The fount or oil chamber which holds the fuel
and the wick.,

(8) The glass that surrounds the flame, which
allows the rays of light to be thrown off for
working purposes and permits a closer inspection
of the flame.

(3) The gauze that caps the glass and prevents the
flame from reaching the outside atmosphere.

(4) The metal shield or bonnet which surrounds the
gauze to protect 1t from injury and also to
»shield i1t from air currents of high velocity,

Besldes these fundamental parts, a good flamelight

also has an approved lighting device that permits the lamp
to be lighted without opening, washers to make all joints

air-tight, an expansion ring to allow for expansion as the
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lamp becomes hot, and a good locking device, ¢Of these
éecondary de%ices the expansion ring is the most 1mportant.
This ring is usually placed above the glass as phe top of
the glass expands when the lamp is lighted, This ring allows
the glass room to expand and also protects it if the bottom

is screwed too tight,.

Selecting a safety lamp. There are a number of good

flame safety lamps on the market today, and the following
points should be considered in selecting one for general use;
(1) The lamp should give enough light to serve as
& traveling light, if necessary.
() It should be of good construction, the bonnet
of strong material, and the parts of the frame
should be rigid and so placed as to protect the -
glass from injury,.
(3) It should have double gauzes, as it has been
'proved that double gauzes are much safer than
single gauzes, .
(4) It should have a durable and a rigid bonnet
ﬁith holes so arranged that the air current
cannot strike directly on the gauze.
(6) It should have a lower gauze ring so that the
airican feed to the flame from the bottom.

‘ (6) It should have a screw type of wick ad justment
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so that the flame may be raised or lowered easily.
It should have an expansilon ring.

It should have an efficient relighter.

It should have a rellable locking device.

Permissible lamps. The Buresau of Mines has the fol-

lowing requirements for a lamp that is submitted to them:

(1)

(3)

(4)

The

It must have a double gauze, the openings in the
mesh 6f which are not more than eight hundred and -
forty~one to the square inch, not less than seven
hundred and eighty-four to the square inch.

If standards are used, the standards must be so
arranged that a straight line touching two con-
secutive standards will not touch the glass.,

The lamp must be so constructed that it is not
possible to assemble the lamp with any of the
parts left out without easily detecting it.

The lamp must be equipped with an efficient lock-
Ing device and a well constructed glass globe., -

construction of flame lamps for testing purposes

only are essentially the same as those above, except a testing

lamp does not necessarily need to be of as rugged construc-

tion as a general purpose flame lamp. It is an advantage to

have a smaller lamp that can be placéd close to the roof, so

8 "Use and Care of Miners' Safety Lamp," Miners Circular

No. 12, Washington, D, C., United States Bureau of Mines.




that thin layers of gas can be detected.
There 1s a diversity of opinion as to the type of

wick most suitable. Two types are available, flat and

- round, and there are points in the favor of each,

There 1s also much difference of opinion as to how
small a percentage of gas may be detected with a flame test-
ing light. Many authorities state that gas cannot be de-
tected below one and one-half per cent and then only with
difficulty. (It is my own belief, anhd I am supported in

thils by many fire bosses, that less than one per cent may

be determined by an experienced man). The detection of a

low percentage of gas comes only with practice. The beginner
should be careful that he does not mistake a fuel cap for

a gas cap. It might also be said that it is best to be
mistaken on the side of safety, and if there 1s any doubt,

keep on the safe side,

Care of lamps., The same lamp should be used each time
by the same person, and the man using it should be responsible
for its care. In cleaning, filling, and putting together
a8 lamp, the following procedure should be followed:

(1) All removable parts should be detached and the

fuel chamber filled with naptha or gasoline.
When filling, the fluld should not be allowed

to run over., 1In fact, most safety lamps require
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only enough of either of these fuels to thorough-
ly saturate the cotton within the fount or fuel
chamber, The naptha or gasoline_should be of

good quality, héving a specific gravity of 0.7

"to 0,72,

The gauze should be brushied inside and out with |
a stiff bristle brush.and blown if posslible with
compressed air. The gauze should be carefully
exémined for broken wires orvenlarged holes, If
any gauze is found damaged, it should be smashed
and discarded. When a new gauze 1s installed,

it should be thoroughly burned out in the lamp
before being taken below,

The gless globe should bs wiped clean with a
clean cloth and both ends examined for nicks. -
The gaskets should be whole, should be fit snugly,
and should be free from grit and dirt,

The bonnet should be brushed inside so as to
remove any soot or dirt,

The lower ring gauze should be brushed and
examined for defects,

The lighter should be tested to see whether it

is in working order.

After the lemp 1s lighted and warmed for a minute

or two, the wick should be adjusted to a low
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flame, all parts put in place and adjusted, and
the lamp locked, The tightness of the joints
should be tested by blowlng against the chimney
joints while the lamp 1s slowly revolved,

If these directlons have been followed, that 1s, the gauze
properly cleaned, and all parts assembled correctly, it 1s
now in condition to be used ih 8 gassy mine and, properly
used, it may be handled without danger in any kind of a
gaseous atmosphere. As a further safeguard, some companies.
require their fire bosses to test their lamps in a box con-

taining an explosive atmosphere before going below,

Safety precautions 1n using lamp. The following list

of rules in handling a flame safety lamp is taken from a
bulletin prepared by Pennsylvania State College9 for exten-

gion work:

(1) Be sure the lamp is locked before taking it
in the mine,

(2) Take care of your own lamp,
(3) Do not carry a key or other unlocking device,
(4) Do not carry matches,

(5) Do not attempt to open your testing light in
the mine unless in the presence of another light,

(6) Do not set your lamp down; it may upset and be
extinguished, or damage to the lamp may result.

‘ 9 "Extension Course in Coal Mining," Volume I,
Pennsylvania State College, State College, Pennsylvania, P.
245,
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(7) Do not allow the flame to smoke§ soot may f£ill
the gaugze.

(8) Before entering a room or "tight" end, examine
the flame of your lamp and make frequent tests
as you advance,

(9) Avoid testing for gas while shots are being fired
close at hand, as the concussion may knock the
flame through the gauze,

(10) When the gas flames on'yoﬁr lamp, withdraw the
lamp slowly, smother it, and return it to fresh
air before attempting to relight it,

(11) If your lamp flames and the wick goes out, be
sure to examlne the gauze, because the gas may
still be burning within the gauze,

(12) Having detected gas, do not repeatedly put your
lamp back into it,

The following paragraphs are also taken from the same

bulletin:

Testing for Gas (Methane) with the Safety Lamp.

The detection of gas on the flame of a safety
lamp consists of noting the lengthening of the flame
due to the burning of the gas in contact with the
flame, There are three general methods of testing
employed by persons authorized to handle safety lamps:

(1) By using the normal flame, such as is used
for lighting purposes, For even approximate
detection the height of the flame or length
of the flame in fresh air should first be
noted, after which the increase in flame
length due to the presence of gas will in-
dicate the percentage of gas present. This
method can only be an approximation, as
fresh air may be some distance from the
gaseous mixture tested, and accurate results
could be obtained only by use of a measuring
device to show the lengthening of the flame,
Less than three per cent of gas would not be
shown unless a marking devlice was used, This

‘ type of test 1is used quite often by machine
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men or helpers in testlng for gas before
preparing to cut a coal face.

(2) By using a short or intermediate flame,
about one-half the length of a normal light-
ing flame, The same difficultles found in
accurate testing with the normal flame are
present with this type of flame also.

(3) By using a "cap' flame which is blue, rather
than yellow in color; it is also called a
non-luminous flame, By this means, the
presence of more than one per cent of gas
mey be detected under ordinary conditions.
This type of test does not require observa-
tion of the testing flame in fresh air first,
hence, it i1s the most sultable for testlng
for small percentages of gas.

Adjustment of Normal or Short Flames. 01l lamps
frequently have the flame shortened and a crust
accumulates as the wick burns, This requires
frequent adjustment of the wick, at which time
the pricker 1s used to dislodge the crust and
the end of the wick is snuffed. Long practlce
has taught the miner to maintaln the flame at a
height which will provide a good light, and this,
the normal flame, 1s the one frequently used for
' testing purposes.

.Naptha or gasoline lamps do not have trouble with
a crust on the wick, but the heating of the fount
or fuel container has tendency to increase the
length of a normal flame, requiring frequent ad-
justment of the wick, Still air naturally allows
more heat to accumulate and the flame has a great-
er tendency to increase in length than in a rapid-
ly moving air current., Testing for gas under four
per cent with a normal or short flame requires ad-
justment of the height of the flame in fresh air,
regardless of whether the lamp burns oil or naptha
or gasoline,

Use of the "Cap" or Non-luminous Flame., The ‘cap"
flame 1s by far the most reliable for gas detection
since it requires no previous adjustment in fresh

color disappears and a blue flame remains, This

|
t
|
g air, The normal flame 1s reduced until the yellow
{
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does not interfere with seeing the '"gas cap"
unless the miner has nystagmus or other eye trouble,

The height of the "“gas cap’, of course, is the
measure of methane content in the alr, each type
of lamp giving different heights of caps., For
instance, a flat wick will not necessarily give
the same result as a round one, Two lamps burning
two different kinds of fuel will not give the

same flame helght in the same gas mixture. The
temperature of the flame governs the height of the
cap, and the temperature depends upon the nature
of the fuel used, The proper procedure is to have
each person authorized to carry a safefy lamp lissue
and be given the same lamp every shift; then have
that person test his lamp frequently in gaseous
mixture of known methane content; in this manner,
more accurate results will be possible for every-

day testinge.

Quite often a small “cap" is noticed in fresh air
over the regular “cap flame", This 1s due to the
heat of the flame turning some of the fuel Iinto

ges which forms the "fuel cap*, ‘‘his cap depends
on the kind and quality of fuel being used and is
qulte distinet in a naptha or gasoline burning
lamp., Practice in fresh alr in observing this fuel
cap will remove the tendency to count it as a gas
test since it has & round or mushroom appearance
whereas a gas cap has a pointed appearance,

It is exceedingly dangerous to place willfully a

safety lamp in an atmosphere containing more than
five and one-half per cent of methane or other
explosive gas., ‘Tests have indicated that even per-
missible safety lamps under certain condit ions
(exaggerated gas content, high velocity, long ex-
posure) are not safe; hence proper handling is

very Ilmportant in 1ts safety, and use of the lamp
under extreme conditions constitutes & hazard,

Frequently, fire bosses, assistants, and mine fore-
men, persons who should be able by reason of thelr
long experience to detect methane with some degree
of accuracy, have failed to detect gas within one
‘per cent of its correct proportion in air as in-
dicated by an approved methane detector. On the
other hand, there are ilnstances of persons who
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have successfully detected methane &s low as
three-tenths of oné per cent of the flame safety
lamps, the result being checked by an approved
methane detector. This would indicate the neces-
sity of having all persons on whom there is any
responsibility for the detection of gas in mines
undergo a regular examination on their gas-testing
ability with the flame safety lamp, the tests
being checked with an approved methane detector.
In this manner, the fire boss or other responsible
persons, should have his gas testing ability
sharpened by the comparison with the methane de-
tector instead of relying on older methods of
determination of gas content. :

Making examinations. After the fire boss has properly

prepared his lamp, he should first examine the fan chart, if
a recordiﬁg device be kept on the fan, to see that the fan is
performing properly and that there has been no sudden change
in pressure. Falls and partial stoppage of the ventilating
current can sometimes be spotted from the chart of fan per-
formance. The fire boss should then take a barometer reading.
For the fire boss's benefit, the barometer should be read and
recorded at least five hours before he comes on a shift. By
comparing these two readings and observing whether the baro-
meter is rising or falling, he can, if he is well acquainted
with his mine, somewhat forecast the cohditions he will find
below. A falling barometer will indicate an increase of gas
in the return and at the working faces. Sealed areas in the

mine will also blow heavily owing to the change in atmospheric

pressure that the falling barometer indicates.
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A good average reading for a barometer in Indiana
mines is 29,6 and twenty-nine to 28,5 indicates a serious
low. During periods of pronounced lows, everyone in the mine
should be especially vigilant'in regard to ventilaticn and
gas, as there 1is a great increase in the amount of gas given
off in a mine during such a low, Particular attention should
be given to seals during such é peribd.

There can be no definite rule given as to the route
a fire boss shouid follow In examining a mine, When he first
goes below, he should check his return at the bottom; then
the course of his examination will be determined by the state
law and the physical characteristics of the mine, For safety,
a fire'boss should always examine with the air thus insuring
a fresh air supply. DMany fire bosses examine against the air,
as it is cooler walking, but this is a bad practice, especially
in mines where blackdamp is encountered frequently. Places
that are believed by the fire boss to be dangerous should be
examined at the start of his shift and again at the close of
hils examinatlon before he goes on top to report the mine. 1In
examining, remember the physilcal properties of the gases, and
| look for firédamp next to the roof, in up-~hill places, in
| ﬁorking places shead of the air, over falls, in areas on the

squeeze and in old works where the ventllation is poor, He

should watch the air in the mine, especially the current,
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| Experience will help to teach one to judge the amount of

f air moving in each part of the mine; and if the quantity of
f air does not seem right, he should look at once for an open
| door or a fall that may have blocked the ventilation,

.3 A fire boss should watch swamps, old workings, and
any works in which the air has not been circuleting for the
accumuletion of blackdamp. Hé should never go down a shaft
that 1is not working without testing for blackdamp from the
surface, A fire boss should never spproach a mine fire on
the return side. Fires mey be easlly detected by the sense
of smell, and if a flre is suspected, approach it on the
intake side,

' He should keep on the alert for any change in the
physical conditions of the mine, If time permits, examine
the top carefully, watch the pillars in working panels close-
ly, especially if the sectlon 1is about worked out, as the
condition of the pillars will predict more accurately than
broken props the approach of a squeeze, O0Often props are
broken by bottom coal or fire clay having heaved, expecially
1 :if the bottom has become wet, before much welght comes on

the panel,

How to'safely predict the time and speed of a squeeze
5 comes only with long experience and knowledge of the mine in

which the squeeze 1s occurring. Squeezes act differently in

i




4
i
3

e L 7t

EAGAsre e

=y P e e . i :

‘ , 52
various mines and sometimes differently in different locali- °
tiesvof the same mine.- The action is determined largely by
the thickness and nature of the overburden, However, in any
mine if a working panel begins to have sharp "snaps' or
"bumps" in the strate over the seam and there is a continued
dripping of small particles of slate from the roof, it 1s

safe to say that psnel is no longer safe to be worked., 1In
squeezes, as in all other safety questions, it is best to

be on the safe gside, It.is foollsh to take physical risks

and elso to risk losing thousands of dollars worth of material

for the sake of a few more tons or days loading in the section.

A fire boss should always be thorough in an examina-
tion. A The fact that he has examined a place a hundred times
and never found gas is no indication there will be no gas
there the next time. He should examine every day, as thorough-
ly as.if‘that were the first time an examination had been made
for a month and nothing was known as to the condition of
the mine. The fire boss, more than any other man in the coal
mine, can make no guesses; he must know and be responsible
for the safe condition of the portion 6f the mine in his

charge when he reports it safe.

Mechanical detectors.lo There are a number of mechanical

~ 10 J. Je. Forbes and G. W. Grove, "Mine Gases and Methods
. for their Detection", Washington, D. C., United States Depart-
. ment of the Interior, 1938,
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methane detectors in use today, the one sold by the Miné
Safety Appliance Company being the most popular. This new

f methane detector, which 1is already approved by the U. S,

f Bureau of Mines, is designed to test mine air for methane
quickly and accuraﬁely. It is direct reading, completely
self-contained, light in weight, and very easily operated.

A sample of mine air is taken into this instrument
by squeezing an asplrator bulb which serves as a suction
unit end prevents any lag in obtaining the readings.

The auto-potentioniometer electrical circuit gives
the detector a high degree of sensitivity and accuracy, so
that concentrations of methane in mine air as low as 0,05
per cent can be detected accurately, Concentrations of
methane as low as 0.01 per cent have been estimated with a
falr degree of accuracy. There are two scale ranges on the
indicating meter, one of which reads from zero to five per
cent methane, graduated to 0.0l per cent, and the second
scale which reads from zero to two per cent methane, graduated
to 0,05 per cent methanse,

When less than two per cent meﬁhane is indicated in
preliminary tests, the scale reading from zero to two per

cent of the methane 1s to be used in order to obtain more

sensitive and accurate readings. A toggle switch in the
electrical circuit--located on the top panel--makes it easy
for the operator to change quickly from one scale range to

the other,

]
e
!
i
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In use two platinum wire filaments in the instrument
are heated to a definlte temperature by current from the
electric cap lamp battery, and one of these filaments is
exposed to the action of the gas sample,. Methane in the
sample is oxidized or burned on this platinum wire, and the
increase in temperature from the combustion increases the
electrical resistance of the Wire in proportion to the amount
of methane present. Thls Increase in resistance from the
burning of the methane 1s Indicated by the millimeter, the
scale of which 1s callbrated to give readings directly in
terms of per cent of methane, Accurate readings can be made
in air currents in which sampling may be done, since the
sample is under positive suction from the aspirator bulb and
there 1s no dependence on the principle of diffusion,

In all gas detectors operating on the "hot wlre™ prin-
ciple, the zero setting of the meter is disturbed by a decrease
in the battery voltage and by the evaporation of the heated
platinum wires, However, in the M. S. A. methane detectof,
the zero setting can be easily and quickly adjusted, even in
e gaseous atmosphere, by means of a special current check
arrangement without the necessity of returning to fresh air.
The current check arrangement in the instrument Insures both
e definite initial temperature and applied voltage at the

detector unit, so that the sensitivity and accuracy of the

active platinum wire filament in the detector is constant
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during its life., There are two models of this detector.

Type A. P. 5 contains two No. 6 dry cells in the same box
with the meter and has no light attachment. ‘'ype &, P, 6

is comblined with an Edison battery and cap lamp.

Carbon monoxide detectors.ll 1In sampling for carbon

monoxide, the use of small anlmals, especially canaries and
mice, has long been recognized as a means of detecting the
presence of carbon monoxide in the atmosphere, Canaries are
kept as part of the standerd rescue equipment of the Bureau
of‘Mines'and are also kept by some of the larger mining com-
penies, Many tests have been made in relation to the use
of smgll animals for carbon monoxide detection, and much has
been written on the subject, The tests show that they may
be used repeatedly in mines to indicate the presence of carbon
monoxide without danger of losing their susceptibility to
thatrgaé.

Up to the present time, canaries have been the best
of all living detectors. Thelr grestest advantage over the
common mouse 1s that they are more accustomed to human belngs '
and are more naturally active in their presence., The mice,
being easily frightened, will crawl into a corner of the cage

and remain quiet. In this condition they must be observed

‘ il J. J. Forbes and G. W. Grove, "Mine Gases and Methods
for their Detection", Washington, D, C., United States Depart-

ment of the Interior, 1938,




- 56
closely to detect any polsoning effect. On the other hend,
‘the canary becomes more active when frightened, Thils acti-
vity will quickly reveal any unsteadiness in its condition
due to the effects of gas., Canafies are usually easlly ob-
tainable and, 1f handled intelligently, will seldom die as
a result of exposure to an atmosphefe-containing carbon
monoxide. |

Tﬁe main objectlon to the use of such subjects for

carbon monoxide detection is the physical difference which .

may exist between two subjects, even of the same specles,
Because of this, 1f living detectors are to be used, thelr
reslistance to the effects of carbon monoxide should be
tested before they are put into actual use. One canary may
be more resisteant to the effects of carbon monoxide than
another, Frequent observation has proved this ts be & fact,

and for.this reason an accurate mechanical detecting device,

such as the hoolamite detector, is always preferred to the

more variable lliving detectors.

12

Hoolamite indicator, The hoolamite or activated

i

;

! : ‘

E iodine pentoxide indicator for carbon monoxide is used in
£

rescue and recovery operations. This device, to a great

extent, haS'been rep1acing canaries and mice in rescue and

E for their Detection," Washington, D. C., United States Depart-

43 "_ .,' 12 J. J. Forbes and G. W. Grove, “Mine Gases and Methods
{ ment of the Interior, 1938.
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recovery operations, since it requires less care and attention'
under the same conditions and is more accurate,

Hoolamite, the material used in the indicator, is a
mixture of ilodine pentoxide and fuming sulphuric acid on
granular pumice stone. When in contact with carbon monoxide,
iodine is liberated and the whilte granules of hoolamite change
to bluish green, deepening in color to violet-brown and fin-
ally to“black. The color 1s dependent on the concentration
of carbon monoxide,

?he complete indicator consists of;

(1) A metal barrel filled with activated charcoal
through which the air is drawn before entering
the hoolamite tube,

(2) A rubber hand bulb containing a valve which
causes the air to be drawn into it through the
activated charcoal ana expelled through the
hoolamite,

(3) "The glass tube containing hoolamite.

(4) The color tube, having five permanent colors in
pumice stone, graduated ffom 0,10 to 1.0 per
cent of carbon monoxide and held in place beside
the hoolamite tube for ready comparison.

It has been found that various gases, other than

carbon monoxide, will also readily affect the hoolamite 1if

séme method is not adopted to prevent it. For thils reason,
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the tube containing the activated charcoal is interposéd '
between the intake and the hoolamite., <This charcoal will
extract all gases except carbon monoxide contained in the
atmosphere that will affect the hoolamite.,.

All of the organic compounds capable of oxidation,
with the exception of methane, react with hoolamite, This
would seem to indicate that hoolamite may be used for deter-

mining many gases and vapors other than carbon monoxide.

This matter has not been thoroughly investigated as yet,
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QUESTIONS FOR CHAPTER IV '

1. What is meant by a working or testing lamp?
2., What is the principle of flame insulation discovered by
Davey? Describe the make-up of the originél Davey lamp.
3. What are the advantages of the features that have been
added to the Davey lamp?
4, What are the essential featureé of a modern safety lamp?
S, Desofibe the gauzes used in safety lamps today.
6. What features should the bonnet and standards have?
7. What. does the Bureau of Milnes requlre of safety lamps?
8, Describe the cleaning, filling, and reassembling of
a safety lamp.,
9. Wﬁy should a fire boss always use the same lamp?
10. What are some of the failures that may make a safety
lamp unsafe for use in a gaseous mixture?
11, Will all naptha burning lights give the same cap height
for the same percentage of gas?
12, What bad feature does naptha have when used for a fuel
in a testing lamp?
13. Describe the procedure in testing for gas.
14, Where is marsh gas found?

15, Where would one expect to find carbon dioxide?

f 16, Where would carbon monoxide ordinarily be found?

ﬁ' 17. For what things must a fire boss be constantly watching?




CHAPTER V

MINE GASES AND VENTILATION

Lesson Subject:

Ventilating systems, and what 1s necessary to have
a good ventilating system.
Instruments used in measurements of ventlilatlon and

ventilation standards.
Types to be Studied:

Natural ventilation, artificial ventllatilon, blowing
and exhaust system, plans of development for proper ventilla-

tion,

Instruments to be Studied:

Barometer, thermometer, hygrometer, water gauge, and

anemometer,

Lesson Objective:

To learn: the best ventilation system, the proper

standards of ventilation, the correct use of ventilating

instruments,
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CHAPTER V

MINE VENTILATIOW

The past chapters have described how dangerous or
noxious gases are produced. It has been shown that in the
passage of normal air through the mine, oxygen is absorbed
by the coal or used up by the breathing of men and animals,
the burning of lights, and the oxidation and rotting of
mine materials. It has also been shown that this air current.
while loosening its oxygen content is also made foul by the
addition Qf carbon dioxide, methane, and other gases produced
by various agencies in the mine.

., From these facts it is readily seen that no feature
of coal mining is more important than proper ventilation at.
the face, for the health and safety of the miner depends
directly upon the condition of the atmosphere in which he
works. It is not sufficient that an ample guantity of air
is introduced into the mine for its needs; but it is also
necessary that this air be conducted to all openings and
working faces in quantities sufficient fo comply with the
state mining law and to provide fresh air and proper
ventilating conditions for men and animals. There must also
be enough air to avoid excessive moisture and to dilute,
render hérmless, and remove explosive and noxious mixtures

or gases.
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Alr required., ‘he statutes of the State of Indiana

(page 21, paragraph 1, Sec. 10) reads as follows:

"Phe operator of every mine shall provide and
maintain, hereafter, for every such mine, a suf-
ficlent amount of ventilation affording not less
than one hundred cubilc feet of alr per minute

for each and every person employed thereln, and
three hundred cublc feet per minute for each

mule, horse, or other animal, In said mine,
measured at the 1lntake of the split or subdlvision
of the air, and as much more ag the circumstances
require, It shall be forced and circulated a-
round main entries, cross entries, and working
faces throughout the mine, so that all open places
shall be free from standing gas of whatsoever kind,
to such an extent that the entlire mine shall be

in a fit state at all times for the men working
therein, and will render harmless all noxious or
dangerous gases generated therein."

To comply with these standards, the limit of the per-
centages of gases that is to be allowed in the ventllating
current must be established before it 1s considered noxious
or dangerous. These standards are not fixed by law in this
country as they are in Europe. Certain per cents, however,
have been recommended by the U. S. Bureau of Mines, and the
larger mining companies have adopted and accepted them as
standards. Mine returns are considered satisfactory when no
trace of CO or HgS is present, the conﬁent of CHy 1s below
one-half of one per cent, COg 1s not over one per cent, and

the oxygen content 1s not lower than nineteen per cent.;é

13 TMine Safety Board, Decision No. 8%, Information
Circular No, 6198, Washington, D. C., Superintendent of

Public Documents. November, 1929, p. 9.
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If the retﬁrn in any split which ventilates‘any group of. A K
workings is over one per cent, it is a dangerous condifion.
Any Working place is considered in need of added véntilation
when a lamp held in any part of the room not nearer than four
feet from the face and ten inches from the roof shall indicate
more than one and one-half per cent of CHy. Also, if a work-
ing face shall be found to contain over two and one-half per
cent of inflammable gas, it shall be considered unsafe and
noe one should enter it eicept a person properly protected

and designated to improve the ventilation.

Reguirements for good ventilation. To meet these

requirements there are essentials in a ventilating system.
The fi£st of these is to have proper air courses of such
size and condition as to allow the passage of a sufficient
guantity of air. The size of these entries will be deter-
mined—by‘the number of entries to be driven, that is,
whether a 2, 4, or 6 entry system of developmént is used,
the probable life of the mine, and the extent of the te rri-
tory to be mined. Such entries should be driven at least
ten féet wide ander any condition and from twelve to sixteen

feet is more often recommended.

The next neCessity is a definite intake aznd returnm

syst@m. All cozl mines meeting the requirements of the state

'f;'
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downcast and the other is the return and upcast. For the
coursing of the air from these two openings, development
work should be plamned in view of conducting the ventilating
current through a series of entries through all the workings
and returning it to the upcast through other entries. This
is as much of a problem as haulage and should be carefully
planned when the mine is first sunk.

Thé third essential for a ventllating system in a
mine is a method of artifically circulating the air. Mine
ventilation is divided into two classes, natural and arti-
ficial. In natural ventilation the ventilation depends upon:

(1) Diffusion of the gases.

» (2) Wind pressure on the openings of the mine--
one of which may be facing the wind.
(3) Or the difference in weight of the air in the

two openings and the difference in elevation.
o0f these, the third is the most Iimportant. In small truck
mines if a difference in elevation does not exist, a wooden
stack is sometimes built over one of the openings. In deeper
mines this action is aided by the difference between the
weight of the air in the intake and return due to the differ-
ence in temperature. Such a system of ventilation is very
uncertain. If the outside is cooler than the mine air, the

air current will flow out the higher outlet; but if the out-

side atmosphere is warmer than the mine air, the air will
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reverse and the lower opening will become the upcast. Such -
a reversal of air current, which at times can be very rapid,
can bring about a very dangerous condition, even in a small
mine, and for this reason some system of mechanical ventila-
tion'should be used even in the smaller mines.

Five instruments are used in connection with mine
ventilation in order to observe and measure the effect of
the ventiiating system and its efficiency. These are the
barometer, the thermometer, the hygrometer, the water gauge,

and the anemometer.

Barometer.l4 "he first of these, the barometer, is

used to measure the variation in the pfessure of the atmos-
phere. The normal atmospheric pressure is 14.7 pounds per
sguare inch at-sea level, exerted on the earth's surface by
the weight of the air above. This pressure may vary as &
result 6f differences in elevation and of atmospheric change.
Such a variance of atmospheric pressure Willvgreatly affect
the amount of gas given off by coal faces and by seals in a
mine, for, as the pressure is lowered, more gas will be
allowed to escape owing to lessened pressure. For this
reason, the barometer is used to measure these changes.

There arc two types of barometers in use, the aneroid

. 14 "Ooal Mine Ventilation," Washington, D. C., Federal
Board for Vocational Education, 1931.
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and the mercurial. The mercurial consists of a glass tube
about thirty-four inches long filled with mercury. This
tube is open at one end and, after being filled, is inverted
and placed with the open end downwards in a small vessel
filled with mercury. In this position the column of mercury
will fall to a certain distance from the upper closed end,

and the height of the column left in the tube will be ap-

| proximately thirty inches. This colunn of mercury is now

held in the tube by the atmospheric pressure on the surface

o of the mercury in the vessel, and the space in the upper end
| of the tube is a vacuum. Any change in atmospheric pressure

i will cause the mercury to move up or down in the tube, and

the tube being graduated in inches, the change in pressure

' | can he determined.

1 The pfessure of the atmosphere at sea level is O. F.
and averages about 14.7 pounds per scuare inch. Dividing 14.7
by .49, the weight in pounds of a cubic inch of mercury,
gives thirty which represents the height in inches of a
column of mercury reguired to balance the weight of the air
at the temperature at that elevation. Also the weight of
the atmosphéric pressure can be secured by multiplying the
height of the mercury column by .49. Also the reading on a
barometer will vary about one-tenth of an inch for each one

!
E hundred feet. Suppose for instance, the approximste depth
!

of & shaft was desired. If the barometer twenty-nine inches
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at the surface reading and 30.2 inches at the bottom reading
were used, the difference between the readings would be 1.2
and 1,2 times one hundred equaling twelve hundred feet or the

approximete depth of the shaft.

15

Thermometer., Thermomebters are used in mine work to

ascertaln any temperature change in the return or in old gobs
that are expected to heat, They are also used to measurs the
temperature of sealed areas where a fire has started or where
a fire might be expected. Thermometers come marked either |
fahrenheit or centigrade scale. On the fahrenhelt scale
freezing is marked at thirty-two, on the centlgrade at zero.
Boilipg on the fahrenhelt scale is two hundred and twelve and
on the centlgrade one hundred, In order to change a fahrenheilt
reading to centigrade, the formula 1s 5/9(F-52) and to change
from centigrade use 9/5 -4 32. Another useful formula that
giveé the woight of a cubic foot of air at any temperature and

pressure - 1.3272 X B | yhere B equals the barometer reading
460 4+ T

and T the temperature.

Hygrometer;l6 Another type of thermometer used is the

wet bulb thermometer, which is a standard thermometer with its

156 "Coal Mine Ventilation,” Washington, D. C., Federal
Board for Vocational Education, 1931,

: 16 Ibid.
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buldb covered with a cloth sack, When this is wet and the

thermometer is placed in a moving current of air or is
whirled through the air, the bulb is cooled as a result of
evaporatioh and the temperature drops. The reading thus
obtained is called a wet—bulb reading, and the difference
between this and a dry-bulb readingyis_called the depression
of the wet bulb., From this, the amount of saturation in the
air can be determined by the use of tables, This combination
of wet and dry bulb thermometers makes what is termed a
psychrometef and 1s usually arranged on a board with a handle

so that it may be whirled in the air,

Water Gauge.lr7 The water gauge 1ls one of the simplest

instruments used in mine ventilation. It consists of a U-shaped
tube about half filled with water, Both ends are open and a
scale 1s attached between the tube sides. As pressure 1s
neceésar& to eirculate air through a mine, the water gauge

is used to determine such differences in pressure, If a

rubber hose is placed on one end of the U tube and run through
s stopping between the intake and return alr courses, the
difference -in pressure between the two entries will lower the
water in the tube on one slide and raise it on the other, This

»'difference between the two elevatlions would be the reading

= 17 "Coal Mine Ventilation," Washinghon, D, C,, Federal
Bgard for Vocational Education, 1931.




69
of the water gauge. This may be measured from the scale or
measured with a rule,

Water-gauge readings are always reported in inches,
but it is Important to know the pressures corresponding to
water-gauge readings. If a cubical box were built one foot
on & side, Inside measurement, and filled with water, the
welght of the water would be 62.5 pounds, The area of the
bottom of the box is one square foot, hence the pressure on
the bottom 1s 62.5 pounds per square foot. If the box had
only one inch of water in 1t, the weight would be 62,5
divided by twelve or 5,2 pounds and the pressure 5,2 pounds
per équare foot.' Therefore, one inch depth of wéfer exerts
a pressure of 5.2 pounds per square fdot, and hence every
inch of water- gauge reading represents a pressure of 5.2
pounds per square foot., Thls method of obtaining pressure
expressed as a formula 1s: p = 5.2 1, in which "p' equals
pressure in pounds per square foot and "i" equals the inches
of water gauge. In other words, the unit pressure, in pounds
per square foot, is equal to the water gauge reading multi-
plied by 5.%<. |

In ﬁodern plants recording pressure gauges are gener-
ally installed in the fan house. Such gauges operate on the
same principle as a barograph, except that instead of the

pressure of the atmosphere, it 1s the presaure of a blower

fan or partial vacuum produced by an exhaust fan that causes
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the record to be made. Through an internal mechanism oper-
ated by a diaphragm, pressed by the air, a pen traces a

curve on a chart which is driven by clockwork, The mechanism
is arranged so’that the markings will correspond to the read-
ings of the water gauge. Such recording gauges are most valu-
able to indicate immedlately any dangerous short circuiting

of the air under ground or thé stoppage of an important airway
by a fall of roof., Also, if an explosion occurs in the in-
terior of the mine, it is lmmediately indicatea by a sharp
peak in the line traced by the pen on a chart. The mining
laws of most coal-mining states require the use of such
gauges. They are usuaily placed 1n the engine room of the
fan house and connected by a pipe which opens into the fan

drift,

Anemometer.18 The asnemometer is an instrument used

in minelwork to determine the velocity of the air current,

It resembles a small disk mine-fan in constructlon. When

the ailr strikes the fan blades, it causes them tc revolve
and.thé instrument 1s so geared as to indicate on the dials
the number of feet of alr passing through 1t. In use the
instrument is held in the air current for one minute and then
the dials are read. This reading is the veloclty of the air

in feet per minute, and this, rmultiplied by the area of the

18 "Gosl Mine Ventilation," Washington, D. C., Federal
Board for Vocational Education, 1931.
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entry, 1s the number of cublc feet per minute that 1s passing
along the entry. The formule @ = AV expresses thils, that is,
quantity = area times veloclty--the area being determined by
use of a tape and the velocity secured by use of an anemo-
méter. This is the most useful formula in mine ventilstion,

Veloclties that are too slow to be measured by use of
the anemometer may be measured by measurement of the speed at
which smoke travels in the alr. ‘Uwo persons are required to
do this and a distance, say one hundred feet, is measured off
on the eptry. Fuse or powder 1is then burned at the 1intake
end of the measured distance, and then the time is secured
that it takes for the smoke to travel the dlstance measured,
Also part of the entry may be bratticed off with curtains and
the velocity increased enough, in a smell opening, to turn

the anemometer,

Psychrometer.19 The ordinary stationary hygrometer

which is merely a dry bulb thermometer can be used with a

fair degree of accuracy when the velocity of the alr current
is three hundred feet or more per minute., If it is less than
this, a sling psyéhrometer should be used, The standard form
of sling psychrometer is that devised by the United States

Weather Bureau. This type 1s unpfdtected and would be easily

19 "Coal Mine Ventilation," Washington, D. C., Federal
Board for Vocational Educaetion, 193l.
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broken in a mine. The usual type is that used by the United

States Bureau of Mines, 71his has a handle to which the
freme of the instrument is attached by a swivel., “The handle
i1s grasped in the hand and the psychrometer whirled rapidly.
This produces the same effect as if the psychrometer were
held in a strong current of alr., As previously described,
these instruments have a dry bulb thermometer and a wet bulb
thermoméﬁer, the latter having a wet muslin cap, The water
of this cap, in en atmosphere that is not fully saturated,
evaporates in proportion to the degree of saturation, thus
cooling the bulb. This 1s because the effect of a liguid
vaporizing l1s to cool adjacent objects; so the wet-bulb
thermometer reads lower than the dry-bulb thermometer. The
difference is read and referred to a table that indicates
the relative humidity et the point of the test. The test
should be repeated several times to insure accurate figures,
The use of the hygroﬁeter and sling psychrometer came
into prominence some years ago in an attempt to bhumldify
the mine air in the winter, In mines, except in the arid
climate of the Rocky Mountaln coal’fiélds, the dust is damp
in summer hear the intekes and exceedingly dry in winter,
This is due to the difference in moisture carried In or

taken out of the mine by the ventllating current.

Water vapor., An ailr current which is only partly
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saturated 1s a good drying agency. The drying of wet clothes
hung in the wind illustrates this fact. they soon become dry,
The molisture from the clothes is evaporated. If an air
current enters a mine at & temperature considerably lower
than that of the mine, it carries ocut of the mine immense
quantities of moisture coming from the strata. Even i1f the
cool air goes into the mine fully saturated, when it is heated
by the mine walls 1t becomes undersaturated at the higher
temperature., Hence 1t absorbs moisture along its path and
usually becomes saturated before it leaves the mine, Con-
sequently the air current carries molsture out of the mine,
leaving coal dust present in a very dry condition and a
very dangerous one, if it 1s not properly treated by rock
dusting. This is what happens In the cold or winter months
of the ye;r, and it produces conditions ideal for the pro-
pagation of a dust explosion, if thorough rock dusting has
not been done in accordance with the state law or the recom-
mendations of the United States Bureau of Mines.

In the summer time when the Iintake alir may have a

- temperature of 1OOOF. and is forced into a mine whose tem-

perature 1s about 60°F., the temperature of the entering air
is gradually reduced to that of the mine. As the temperature
of the air is reduced, the capacity of the gir for carrying

moisture is likewise reduced and the excess moisture is

deposited on the sides, roof, and floor of the mine.
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Humldifying the mine alr by exhaust steam from fan
engines, hoisting englnes, compressors, and similar equip-
ment has been tried for the purpose of keepling the dust in
the mine from becoming excessively dry and therefore more
subject to ignition. Boller plants have been erected for
no other purpose than to raise steam for humidifying purposes,
Some companies have installed redistors in the fan intakes
or in the intake airway to heat the air before humidifying,
thus increasing its capacity to abgorb water from sprays or .
wet curtains. In other mlnes steam jets have been used which
both heat th? alr and give molsture, There is less tendency
to fog the air when it is heated before the steam ls furned
into 1t. There is some claim that in mines not humidified
the natural alternation in winter and summer of dry and
moist condition of the intake causes the roof to slack and
fall, Oﬁher mines pass their intake air through cold sprays
of water in summer in order to keep it as near an average
temperature as possible and to avoild roof cutting.

Although watering is no longer regarded as an effi=-
clent method of preventing dust exploéions, there is &
growing teﬁdency today to conslder the establishment of a
certain degree of temperature and the humidification of the
ventilating current as desirable to obtain uniform atmos-

pheric conditions in the ordinary shallow mines in summer

and winter, and to lessen the damaging effect of alternation
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of wetting and drying on the mine roof. Some coal mining
companies are serlously consldering the merits of humldify-
ing with this objective in mind, Humidification lessens the
drying of the coal dust and cuts down the requirement for
rock dusting.,

As has been previously mentioned, there are two types
of ventilation, natural and mechanical, As naturael ventilation
is unsatisfactory and seldom used, some method of artificial
ventiletion exlists at pfactically all mines, The first of
these to be/used was furnace ventilation., In thls system a
brick-eﬁclosed fire grate was used to heat the column of
outgoing eir., The fire grate was placed, in or near, the
upcast shaft and always ventilated the mine by the exhaust
system, The temperature of the air in the upcast beling ralsed
several hundred degrees by the furnace would be much lighter
than the cold air in the downcast. The use cf a furnace was
never considered safe in a gaseous mlne, and few are now

found in use.

Ventilating fans. Today the only practical use of

extensive ventilation is by the agency of fans and thls means
is required by all state laws in mines employing more than
a few men, Mine fans are clasgsified into two types, the

screw type and the propellor type. The screw type 1s usually

in the form of a desk fan snd resembles an anemometer or an
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ordinary house fan. These fans are light, chcap, easily '
moved, and are good for emergency use. They are very limited

as to the pressure they will overcome =nd hence in the guan-

tity of air they can circulate. As a rule, they will not work

against a water gauge of over one inch.

The propellor type is the centrifugal fan and is the
most efficient. In this type,'the air is drawn in at the
central part of the fan from onc or both sides and turned
toward the blades. The air entering between the blades by
the applicaﬁion of the centrifugal force imparted by the
rotation of the fan is thrown off at & high velocity by the
blade tips. These fans are also divided into two classes,
the forward zna backward curve faeuns, this cesigneting the
curve of their blades. However, space does uot permit the

discussing the merits of euch.

Blowing and exhaust systems. Two methods of circulat-

ing the air through a mine are also practiced. In onsg, the
blowing system, the air is forced through the mine by a fan
which blows the air into the mine. In the other, known as
the exhaust'system; the air is drawn out of the mine by the
fan. Both are equally efficient, but the blowing system is
most usually used due mainly to the desire to keep the hoist-

ing shaft free from ice in the winter and the bottom as warm

as possible to facilitate the handling of cars.
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Fan locations. Mine fans should always be plsced on

the surface although they are more sefficlent if placed below.
If below, the faﬁ would be likely to be destroyed by an ex-
plosion or fire, and there would be no way of ventilating
the mine for recovery opefations until another fan was in-
stalled, Mine fans should always be placed at one side of
the mine shaft, and there shoﬁld be explosion-relief doors
opening fhe full area of the shaft and in direct line with
it. There shouid also be explosion-relief doors in the fan -
conduits, The fan, the fan house, and the fan drift should
be built of fireproof material and substantial construction.
Trap doors should be arranged, sc that in case of
need the direction of the air from the fan could be reversed,
If possible, two sources of power for the operation of the
fan should be available, KEither steam or electricity may
be used.” Both have thelr advantages and disadvantages, al-
though modern installation favors the electrically driven

fan,
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QUESTIONS FOR CHAPTER V

Why is mlne ventilatlion needed?

What are the requirements of the state law of Indiana
in regard to ventilation?

Would a mlne always be safe if this amount of air was
circulated through 1it? |

Who is the proper authority to designate how much air
must be circulated through the mine?

Is there any danger in opersting a small mine wifhout
some method of mechanical ventilation?

If the fan should suddenly break down in a mine that
was gassy, what should a mine foreman do?

What is the highest per cent of CHyg allowable on the
return, of CO, of COg, of HeS? What is the highest
per .cent of CHy allowable on a panel split? Beyond
what per cent of CHy should a fire boss mark off a room?
What are the requirements in Indlana in regard to mine
openlings?

What instrument 1s used to measure atmospheric pressure?

What 1s the atmospheric pressure at sea level?

How many inches of mercury ls this?
If the barometer reads twenty-eight inches, what would
the atmospheric pressure be?

How much does the barometer vary per hundred feet?
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Of what practical use is the.barometer in the operation
of coal mines?

Describe the construction and use of a water gauge.,

If a water gauge reads twenty-four inches, what unit
pressure does it show?

If the mine water gauge usually registers two inches and
one morning it is found registering four inches, what
would‘probably be the cause?

If, on the other hand, it only registered one inch,
what would you suspect?

If the pressure producing ventilation in a mine was
twenty-five pounds per square foot, what would the
water gauge be?

What is the water gauge reading at your mine?

What 1s the anemometer and for what is it used?

How many readings should be taken to get the true
velocity?

If an entry 1s ten feet wide and five feet high and the
veloclty three hundred feet per minute, what quantity
of air is passing?

Neme asnother way of measuring the alr velocity.

What does the state law require with reference to
measuring the a1r in Indiana?

Explain the formula @ = AV,

27, bescribe briefly furnace ventilation,
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Can a furnace create a force system of ventilation?
Is there any daenger of passing mine air over the furnace?
Do the laws of Indlana prohibit the use of furnaces?
What are the two systems of ventilating a mine by fans?
What 1s the principle of the blowing system?
Name some of the advantages and disadvantages of the
blowing system.
Name some of the advantages and disadvantages of the
exhaust system,
What are the disadventages of having crushers or
screens bullt over a mine intake?
What are the two types of mine fansg?
What are the two types of centrifugal fens?
How should a mine fan be installed?

What is a booster fan?

When should a booster fan be used?




CHAPTER VI

METHODS OF VENTILATION

Lesson Subject:

The control and direction of ventllating

Structures to be Studiled:

Stoppings, doors, overcasts, undercasts,

regulators.

Lesson Objective:

To learn: the proper use and placing of
doors, overcasts, and regulators, To learn the

ventilation splits,

currents.

and

stoppings,

value of
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CHAPTER VI

METHODS OF VENTILATION

The body of air whiéh 1s moved through the mine to
keep it free of gas and in a workable condition is called the
ventilation currenﬁ, and in order to’have a continuous current
that reaches all faces and openings it 1s necessary to direct
its movements, This direction 1s accomplished by the use of
stoppings, doors, overcasts or undercasts, regulators, and
line brattices,

When the ventilating current is first conducted into
the mine, it passes through a shaft, slope, or drift, The
passagé through which the air enters the mine is called the
intake, and the passage through which the air is returned to

the outslde is called the return. These openings from the

surface may be lined with brick, cement, or wood, and it is

important that the passages have sufficient crbss-section area
to keep the velocity of the intake air as low as possible, as
any power losses by reason of improper size will assume huge
proportions in years of operations. It 1s very important
that the right-sized shaft be selected,

At the bottom of the intake it is alsb important that
the alr current be deflected from its original course and
started into the mihe entries by as smooth corners as possible,

It has been proved by experiments that as high as twenty per
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cent of the power used in ventilatinggo 2 mine is used up
by the passing of air around shearp curves or angles in an air-
way. To eliminate this as much as possible, it is the bect
policy to round off the openings into the air shaft and also
to round off the corners or use air vasnes in the entries
meeting the intake shaft bLottom.

In coursing the air from the bottom, the system of
miﬁing used will determine the wethod used. 1In general, the
six-entry method of development is recommended. By such a

plan, the air can be split to the different parts of the mine

- at the bottom thus keeping all future seals on the intake.

In flat-seem mining a great deal of preliminary drilling is
necessary to secure elevations before the working plans of
the bottom are made. |

As the working entries are advanced, it is necessary.
to close the openings that are made between the intake and
return for face ventilation. These are usually closed first
with temporary stoppings that may consist of & board frame
covered with brattice cloth, & pack wall of rock or slate,
or constructed entirely of lumber. These temporary stoppings
are in turn replaced in all but room entries by stoppings of

tile, brick, stone, or concrete. Table IV shows a relative

. 20 C. A. Herbert, "Some Factors Effecting line Venti-
lation," Indiana Coal Mining Institute, 1934.
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comparison of different materials.21 In this table a com-
parison was made as to first costs, strength, and tightness
of stoppings constructed of different materials. In the com-
parisons made the stopping of lowest cost was rated 1, that
of greatest stréngth 1, thav or greatest tightness 1, and the
others rated from this point. & study of table IV will show
that the most satisfactory stopping from the standpoint of
durability, strength, low‘maintenance, and lightness is one
which 1s constructed of brick or paﬁlng brick. These stoppings
should be bullt with a layer of wood blocks on top to prevent
cracking, and if the stopping is of fairly short 1life, a lime
cement mortar may be used to permit the recovery of the bricks.
Stoppings when bullt should be placed in the middle of the X
cut and well hitched in the floor and ribs.

The Importance of alr-tight stoppings cannot be too

strongly emphasized.22 In a study of sixteen mines it was

found that only from seven per cent to thirty-five per cent
of the air was reaching the working faces, and that in one
case a power savings of 49 KW per month was effected by re-

pairing the‘stoppings and cutting down the amount of air

2l S. J. Craighead, “Efficient Coal Mine Ventilation,®
Explosives Engineer, 1934.

22 C. A, Herbert, “Some Factors Effecting Mine Venti-
lation," Indiana Coal Mining Institute, 1934.
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EFFICIENCY AND COST OF STOPPINGS
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Type of Stoppings First
Cost

Strength

Tight-
ness

Rough board lumber, 1l-in,
by 12—11‘1. e e e st sl
Tongue and groove board lumber
l"‘in' by lz-in' R R
Concrete block, 8~in, by 16-in.,
laid in cement mortar ...
Hollow tile, 5-in, by 8-in, by
12-in., laid in cement mortar
Hord slate wall, 12-in. to 18-in,
wide, plastered with cement
mortar ® 0 &0 08 080 s a0
Gob stopping, two 12-in to 18-in,
boney or slate walls with
2-ft, core or refuse .....
Wall, 4-lin, wide of double-size,
vitrified brick, laid dry and
plastered on one side, with
Pllaster eieeiecoccoccccss
Well, 8=-1n. wide of double-size,
vitrified brick, laid in
cement mortar, with pilaster
Wall, 4-in, wide of double-size,
vitrified brick, laid in
cement mortar, with pilaster
Wall, 8-in. thick of non-reinforced
monolithic concrete +.cees
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necessary to pass into the mine. It is possible if the
stoppings are properly constructed to carry at least eighty
per cent of the ventilating current to the working faces.

If such efficiency is to be secured, the use of doors
nust be reduced to a minimum, es 1t is not uncommon for a
door to leak from four to five»thousand feet of air into the
return. Their construction depends largely on the type of
service to which they will be put. They are usually built
of lapped lumber, strongly braced and with long hinges to
prevent ségging. In all ventilation-door construction it
is very necessary that as complete a seal be made as possible.
Large peaders and door posts should e used and tightly
fitted flaps used to prevent leaks. Air locks cen be made
by placing dcoors far enough epart to allow the length of a
trip between them. Hxtre doors should be built that can be
placed in service in case an accident causes the destruction
of a regular ventilating door. Some compenies also construct
doors at inlet and returns of all working panels. Tastened
securely open they are maintained there in case of fire when
they can be‘closed.and plastered with wood fiber quickly seal-
ing the panel. The use of doors is one of the gravest hazards
in mining today owing to the passing of the custom of having
trapped at each important door. Where such doors are in use,
some device should be developed that would give prompt warning

if a door was left open too long or failed to close after the
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passage of a motor trip.

Overcasts are used to conduct intake and return air
currents across eacn obher., Overcasts are most commonly used
because of the tendency of undercasts to become‘filled with
dirt or water, Overcasts should be built of fireproof
material, the best ones being bullt of concrete or brick.

A good method of construction is to build the wings and walls
of reinforced concrete. ‘Steel rails are then laid aofoss the
walls to form the overcast floor. Brick is laid between the
rails and supported by the flanges of the rails. A coat of
concrete 1s then poured over the tops of the brick and rails.
The areas of the overcast should be as large as the alrway
loading to i1t; and the approaches, both floor and roof, should
be sloped to cut down air resistance,

Air 1s divided and forced through tne varlous splits
in a coal mine by devices known as regulators. There are two
forms in use, the box regulator and the regulator door, The
box regulator consists of a solid board stopping or of a door
with a hole dut in the center and provided with a shutter that
can be slid over the opening so as to regulate the size of
the opening through which the air is allowed to pass. Such ‘ . .
a regulator should be placéd at the outer end of the ailr §
course which it controls.

. The door regulator is a door provided with a lock or

chain so that it may be fastened at any position desired,
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It is always placed at the mouth of zn entry and is so
arranged that it may be swung to one side or the other so as
to increase the amount of zir passing in the other entry.
The area to be left open in a regulator may be calculated
theoretically by the formula A = .00040, but in actual practice
is gecured by trial. .

In small mines and in mines being developed, it is
pogsivle to conduct the air current around all the faces
without dividing it; but as the mine grows larger, it is
necessary to divide the mine workings into sections for pur-
posés of ventilation. The state laws of Indiana provide that
not more than seventy-five men be worked on any one split,
and there are a number of other reasons for splitting an air
current. The most important of these is that the mine is
dividgd into separate districts, each of which has its own
ventilating current. This in a geseous mine reduces the
danger of an explosion occurring in the mine because the air
travels at less velocity, carries less cdust, and is not as
likely to form an explosive mixture as when the air is conducted
in one continuous current. Should an explosion occur in one
section of the mine, its effects would tend to be localized
and not affect thé workings on the other split.

The split system also reduces the functional resist-

ance of the mine because the same quantity of air is circul-

ated at greatly reduced velocity, and the mine resistance
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varies as the square of that velocity.23 Thus, for the same
amount of rubbing surface in the mine, an éir current travel-
ing in two equal splits will meet with but one-fourth the
resistance offefed when the same volume of alr is circulated

| in a single current.. Since the mine resistance varies as
the square of the veloclty, the power will vary as ﬁhe cube

of the velocity taking the formula, H = KSVO and forming

| 33,000
(Ksvd)1
a proportion %% = ggvoog and canceling all the
33,000
Hl = V19

numbers that are the same, leaves HZ2 V2° opr the first

horse power is to the second norse power as the cube of the
first velocity is to the cube of the second velocity.

For ease in figuring, let us imagine veliocity of only
two feet per minute produced by five horse power. Now suppose
it is desired to increase this velocity to three ifeet a minute.
Substituting these figureé in the formula givén, we should
have 5 x as (2)5: (3)3 or 5: x :: 83 27; solving for x, we
get 8 x 135 dividing by 8 would give x = 17 or more than three
times the first horse power to produce its increase in velo-
city required., From this it can be seen that fast velocitiles

in a mine are very expensive as well as dangerous,

25 Willliam J. Montgomery, "Theory and Practice of
Mine Ventilation,“ Columbus, Ohio, Jeffrey Manufacturing
Company, 1936, p. 285.

----
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The limit of the desirable point in splitting theZ4
air 1s reached when there is danger of reducing the velocity
of the air too low. If 1t is reduced too much, the air in
circulation will not sweep away the gases collected in holes
in the roof and at working places., Methane at the face of
an uphill room or blackdamp at the face of a dip or in a
swag is difficult to move and requires considerablé velocity
of the air current., Under ordinary conditions the velocity
of air passing worklng faces should not fall below threé
hundred feet per minute, In a mine generating gas, the
veloclty should be malntained at three or four hundred feset
a minute depending on the quantity of gas given off at the
face.

By the use of rock dust barriers and dusting, it is
also easier to confine the force of an explosion to one aif
split. Many of the explosions 1n recent years have been
checked in this manner, resulting in a great saving in 1life

and propertcy.

. 24 '"Coal Miners' Pocket Book,™ New York, N. Y., McGraw
Hill Book Company, p. 918.
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QUESTIONS FOR CHAPTER VI

l, What are stoppings and why are they used?

2. Why should wood, gob, and canvas be used for only
temporary stoppings?

3. In what way does the presence of leaky stoppings
affect the ventilation or a mine?

4, What is a line brattice and how should 1t be constructed?

5. What is the purpose of ventilating doors?

6. Why are doors in a miné objectionable?

7. When is the use of doors advisable?

8. On a main ventilating current, what provision should be
made to prevent a short circuit while trips ure péssing
through a door?

9. How should a door be hung?

10. Doors shoutd be swung to close in what direction?

11, What is a regulator?

12, What is its purpose?

13, What types of regulators are used and where are they
uSuallyAplaced?

14, What is an overcast?

15, What 1s an undercast?

! 16, Why are overcasts preferable to undercasts?

17. How should overcasts be constructed?

18, What are the main requirements of an overcast?
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19, What are some of the common errors in building overcasts?
20, How do overcasts ald haulage?
21, How do overcasts ald ventilation?
22, Wnat is meant by splitting the air?
23, What 1s to be gained by splitting the alr?
24, How does splitting aid in'preventing explosionsg?
25, What determines the 1imlit of splitting the air?
26, How does increasing the size of an entry affect the
quantity of air that will pass?
27. How would this affect the power used?
28, How does increasing the speed of a fan increase the
power used?
29, What 1s the benefit of decreased mine resistance when
it 1s not necessary to lncrease the quantity of alr
in circulation?
30, For efficient ventilation what snould be the minimum
ventilation velocility?
31, For efficient ventilation what should be the maximum
ventilation velocity?
52, As a géneral rule what should be the maximum ventilation
pressure to secure efficient ventilation of the mine?
33, Why is a multiple entry system of development recommended?

34, On & blowing system of ventilation how may all mine

i

seals be kept off the haulage roads?
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Why 1s the use of booster fans in a mine objectionable?
What effect does the blowing system of ventilation have
upon the omission of gas from old works and seals?
How does the mine resistance vary in respect to the
ventilation?
Where should mine ventilation fans be installed?
Where should mine fans be located with respect to
openings?
How is a mine fan installation brotected from an
expldsion?
Why should mine fans not be located inslde?
What are the common apparatus used by a mine foreman
in measuring mine air?
How may a mine foreman determine from a fire boss's

report whether the ventilation in a sectlon is adequate?
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CHAPTER VII
MINE MAPS

Lesson Subject:

Mine maps, thelr use, construction, and purpose for

whicin they are made.
Points to be Studied:

Methods of reading mine maps, scales used, directions
of ventllaiing current, nature of top as read from maps,
methods of making sketches of mines, state laws 1in regard

to mine maps.

Lesson Objective:

To become familiar with the methods, use, and purpose
of mine maps and to be able to read and interpret them

correctly.
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CHAPTER VII !

MINE MAPS

All maps are made and used as a pictoriai representa-
tion on a small scale of the area they are drawn to represent,
with symbols to represent the features they portray. In
mining it is of utmost importance to make and meintain an
accurate mine map shoWing all the eirways, haulage, roads,
‘traveling ways, rocms and other openings exactly as they
. exist in the mine. The map should show the thickness and
character of the ccal, the inclination and depth of the sean,
and the elevations at different parts of the workings. It
should also show the position of surface boundary lines,
buildings, streams, bodies of water, roads and 211 such sur-
face structures as might be affected by or affect the mine
workings. The direction and manner of the ventilation current
should be shown and the location of all ventilating equipment
and passageways between the returns end fresh ailr intakes.

The map should also show all prospect holes and drill holes
with a key to the‘records of their logs.

If an accurate map of mine workings was not maintained,
which showed the éxtent and exact location of the workings
underground, with respect to surface property lines and other
features, numerous difficulties could arise. The workings

would be likely to cross property lines into coal that did
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not belong to the company--giving rise to lawsuits and claims
for demeages. When special precautions need to be taken in
driving under streams or roads, an accurate mep is needed.

If a mine is to be abandoned, e survey should bé wade showing
the extent of the workings, as a knowledge of their location
will ke of utmost importence to any mines developed in that
vicinity. Besides showing the relationship to surface work-
ings, the map must show the relation to the various openings

or workings in the mine to each other so as to avoid accidenﬁs
caused by breaking into abandoned workings containing dangerous
accunulations of gas or water.

'Never is an accurate mine map perhaps appreciated so
greatly as upon the opening of a long abandoned property.
Such mines are usually flooded, and when new work ic under-
taken in connecting with works of an adjoining property or
sinkiﬁg é new shaft to be connected with the old works, the
danger may be reduced to the minimun if the maps are accurate.
Use of maps also promotes systematic workings and avoids the
loss of much coal through squeezes by lack of proper pillars
or failure to extréct pillars at the proper points.

A good map, that shows the record of prospect holes
and the thickness of the coal seam with the elevations of
the coal at different points, also enables thé operating
force to plan the future development of the mine intelli-

gently and to obtain the best haulage and drainage systems
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possible. By scaling the map, it is possible to determine
the distance between different points in the mine. This is

useful as the work develops.

Making mine maps.25 In making mine maps, 2 base is

first established on the surface and its position secured by
a tie to a govermment survey. VA surVey is then run from this
base to the underground workings and zll points in the mine
are established by referring to the base. Lines are drawn
‘east and west and north and south on the map from the base
to use in locating the points to be placed on the map. Any
distence east or west of the base is called the departure of
the point to be established and any point north or south of
the base is called the latitude. Any point may then be loec-
ated by giving its latitude and departure and measuring them
on the map.

Mine maps are made with different scales per inch.
One inch on the map represents two hundred feet of the work-
ings is usually used for complete maps of the mine, and one
inch representing one hundred feet of the workings is used
for small territories. The scale should be marked plainly
on all maps, also the name of the mine, and its location as
to county and state. The range and township in which it lies

should be shown and also the section lines. The true north

25 John Clayton Tracey, "Flane Surveying," New York,
N. Y., John Wiley & Sons, 1907, p. 672.
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should te mafked on the map, and ﬁhe name or names of the
engineers making the surveys should be given. |

Proposed plans of new works are usually drawn on mine
meps as line draﬁings, a singie line representing a proposed
workings. The distances between proposed entries, between
room centers, and other necessary infommaticn as to distances
are given.

In the making of maps after the survey is made, the
measurements secured are first "plotted" or drawn on a good
paper with a cloth back. This is called a hard map. A
tracing is then made, from this drawing, on a piece of linen
cloth that has been made transparent by the use of chemicals.
Each sdccessive survey 1is pleaced on the hard map and on the
tracing, and blue prints are made from the tracing whenever
needed.

7In‘making mine maps, & definite code of symbols has
been adopted to designate different structures. It is de-~
sirable that these symbols be followed so that any one who
becomes accustomed to one map will not be confused by a map
showing different symbols. A definite system is also used
in naming entries. The main entries off the bottom are
usually called the Main North, Main South, Main East, or Main
West by the direction they travel. Cross entries are
numbered as they are turned and are numbered away from the

bottom.
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State laws. The state of Indlana has some specific

laws as to the drawing and use of mine maps which read as
follows,., Section 2a, page 5, reads as follows:

Maps--Maps of Mine--~Refusal--Inspector.<®
"Section 2. (A) The operator of eachn mine shall
make or cause to be made, an accurate map or plan
of the workings of such mine on a scale of not
less than two hundred feet to one inch, showing
the area mined or excavated, the arrangement of
haulage roads, air courses, breakthroughs, brat-
tices, alr bridges, or overcasts, and floors used
in directing the air currents in such mine, the
location and connectlion with such excavetion of
the lines of all adjoining lands with the names
of the owners of such land so far as known, marked
on the map. Such map shall show a complete work-
ing of the mine, and, when completed, shall be
certified to by the operator, agent or engineer
making the survey or map to be a true and correct
working map of said milne,

(B) The operator or agent shall deposit wilth the
chief inspector of mines a true copy of such map
within thirty days after the completion of the
survey of the same, the date of whilch shall be
shown on each copy, the original map and survey
to be kept at the offlice of such mine open for
inspection of all interested persons at all
reasonable times, Such map and copy thereof,
shall be extended each year between the first day
of May and the first day of September, and shall
be filed as required in making the original sur-
vey showing the exact workings of the mine at
the date of the last survey.

(C) At the request of the operator of any coal
mine, the owner of the land, the miners working
therein or other persons interested in the work-
ings of such mine, the chief inspector of mines
shall make, or cause to be made, an accurate
map of the workings thereof, on a scale of not
less than two hundred feet to the inch, showlng

26 "Mining Laws of Indiana," Indianapolis, Indiana,
Bureau of Mines and Mining, 1941, p. 5.




100
the area mined or excavated and the locstion and
connections of the mines of all adjoining lands
therewlth, and the names of the owners of such
lands so far as known, Such map shall be sworn
to by the surveyor to be a correct map of the
workings of such mine, and shall be kept on file
in the office of the chief inspector of mines
for examination at all times, All expenses shall
be paid by the party causing such survey and map
to be made, In case the operator of any mine
shall fail or refuse to furnish a map as required

by this law, it shall be the duty of the chief

inspector of mines to appoint a competent mining
engineer to make the survey and maps and file and
deposit them as required by law, and for his
service he shall be entitled to a reasonable fee
to be pald by the party whose duty it was to make
such survey and map, and shall be entitled to a
lien on the mine and machinery to the same extent
as is now provided by law for other work and labor
performed in and about the mines of this state,

(D) Upon the payment of the fees, the chief in-
spector of mines shall make within a reasonable
time, and deliver to the party so demanding the
same, an accurate copy of any map or plan on file
in his office,

(E) The original map or plan of any coal mine or
the copy filed with the chief inspector of milnes
or a certified copy, issued under the hand and
seal of such inspector, shall be evidence in
any court of record in this state,

" (F) In order that the maps, reports and other

records, pertaining to the office of the chief
inspector of mines may be properly preserved,

a room shall be set aside and furnished 1n a
sultable manner as an office for said inspector.

(G) It shall be obligatory upon the operators of
adjoining coal properties to leave, or cause to
be left & pillar of coal, fifteen feet 1In width
on each slde of the property line in each seam
or veln of coal worked by them.

Mine Working--Map--Engineers and Land Surveyors.
A1l maps requlred to show the underground workings
of any mine, within this state, shall be prepared
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by a professional engineer or land surveyor,

and shall be certified and sealed by such pro-
fessional engineer or land surveyor, (Acts 1935,
page 522),

Rights of Adjoining Land Owners,

Section 3. (A) The tenant or occupant of any land
or lands on which a coal mine is opened and oper-
ated, the person or persons operating such mine,
or the agent of any of them, shall permit any
person or perscns lnterested in or having title
to any land or lands conterminous with the land
or lands on which such mine is located, to have
Ingress and engress together wilth surveyors and
assistants, into said mine, for the purpose of
measuring, exploring and surveying such mine,

for the purpose of ascertaining whether or not
any coal has been, or 1s being mined and taken

from the lands so owned by such person or persons;

it being provided that such survey and measure-
ments shall be made not oftener than once a month
and shall be made at the expense of the party
making such measurements or survey,

(B) Any land owner, tenant, occupant, agent, or
mine operator, who shall refuse permission to
permit such measurements, exploration or survey,
as provided for above, shall forfeit the sum of
one hundred dollars ($100,00) for each refusal

.to the person so refused, which shall be col-

lectible by suilt in any court of competent juris-
diction in the state, -

(C) If the owner of any conterminous land, or his
agent, desires to make an examination, measure-
ment or survey of any such mine or any part there-

~of situated and operated on adjoining lands, then

the operator or superintendent of such mine shall,
upon demand, provide every proper facility for
making such survey with accuracy and safety to
the owner of such conterminous land or to any
surveyor or asslstants who may make such examina-
tion or survey, by driving good air into, dan-
gerous gases from, the part to be so examined
and surveyed, and shall remove any obstructions
that will prevent such survey, and shall provide
any asslstance 1f so called for by the surveyor,
so that the encroachments, 1f any, on such con-
terminous lands may be clearly determined by such

@ s e e
e e gt
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examination or survey. Any person violating
paragraph "C" of this section shall forfeit
twenty dollars (§20,00) a day for each day which
he refuses to comply with such demand, which
amount such conterminous owner may collect by
suit In any court of the state,

Abandoned Workings--Mines--Fencing--Maps.

Section 4. (A) Before a mine or any part of a
mine is abandoned, the owner or agent shall make
a survey showing the farthest extremity of the
workings of such mine, and a map thereof made

and filed within thirty days thereafter at the
office of the county recorder in the county where
such mine 1s located; said map shall have attached
thereto the affidavit of the mining engineer
making the map, and of the mine boss in charge

of the underground workings of sald mine. Such

-map shall be properly labeled and filled by the

recorder and preserved as a part of the records
of the land on which sald mine 1s located, and

the recorder shall receive for said filing from
said owner or agent a fee of fifty cents,

(B) The entrance of an abandoned mine shall be
securely fenced off by the owner of said land on
which sald entrance is located, so that no injury
cen arise therefrom,"
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QUESTIONS FOR CHAYTER VII

What are the purposes for which a mine map is made?
What should a good mine map show?

Why should maps of areas to be sealed or mines to be
abandoned be carefully prepared?

Oof what value are accuratermaps'to g mine foreman or
séction boss?

Why should eﬁery man working in a mine be famlilisr
with a map of the mine?

How is the direction of ventllating currents shown on
a mine map?

What are the common scales used in making mine maps?
What should the title of a mine map show?

What knowledge of a mlne may be galned by study of a
mine  map?

What is meant by the term, "hard map"?

Why are tracings and blue prints made of the hard map
instead of taking 1t into the mine?

What 1s meant by the terms, latitude and departure?
If the scale of a map was three hundred feet to an inch,
what distance would ten inches on the map illustrate?
How may distance between polnts be secured from a mine
map?

Under the state law of Indiana, who is required to make
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a map or plan of the workings of the mines in the state?
What scaele is required on these maps?
What does the state law say must be shown on such a map?
How often does the law require that a true copy of each
mine be filed with the chlef inspector?
To comply with the state law, what‘must be done with the
originals of the maps furnished the chief inspector?
How may an owner of surface rights, a miner, or any
person Interested in the workinés of a mine secure a
map df the mine in which he is interested?
Who mekes such a map?
Who pays for the cost of this map?
Can an interested party secure a ccpy of any map on
file in the chief inspector's office?
What‘pillars does the state law require to be 1eft on
each side of property lines?
Who has the authority to make mine maps and surveys
in the state of Indiana?
What does the law require of the owner of a mine or any
part of a mine.that is to be abandoned?
What must be done with such a map?
Wihose affidavits must accompany this map?
What are the requirements of the state law in regard to

the opening of abandoned mines?
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What are the requiremenﬁs of the state law in regard
to working places appreaching abandoned workings?
On a piece of 8% x 11 paper wmake a sketeh of the bottom

Fal

of the mine in which you work.

On a plece of 85 x 11 paper make a line sketch of the

mine in which you work showing main entries, cross

entries, panels now working, hoisting and escape and
alr shafts, Make a complete title exceplt scazle,

On a pilece of 8% x 11 paper make.a line drawing of

the haulage system of one working panel with which you
are familiar,

On a plece of &4 x L1 paper malke a line drawing of

the ventilating systen of your mine,




CHAPTER VIIIX

MINE FPIRES

Lesson Subject:

Mine fires, causes, prevention, and extinction.

Points to be Studied:

Prevention of mine fires by safe practices, proper

installation of electrical equipment, and good ventilation.

- Bxtinguishing fires by direct fighting and by sealing.

Opening sealed areas after a fire,

Lesson QObjective:

To develop the best methods for preventing fires
and the best methods to be used in fighting, sealing, and

unsealing fires.
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CHAPTER VIII

MINE FIRES

Occurrence. Coal mihes present and always will pre-
sent grave potential fire hazards. The coal itself is com-
bustible; in many mines there‘is a steady inflow of gas from
the coal measures; wood is of necessity used in timbering;
doors and brattices are built of wood; and inflammable sub-
stances such as explosives, oils and electrical installations
are constantly used. PFires have occurred in all kinds of
mines and from very different causes, causes so varied that
it is difficult to clessify and analyze them.

Every year hundreds of fires are started in the coal
mines of the United States; but as they are promptly extin-
guiched before they do any demage, no permanent record or
report‘of'them is made. This is particularly true of those
mines which use black powder, are gassy, or aré operated in
coal that is subject to spontaneous combustion. In recent
years, owing to mines being worked further in and the intro-
duction of much electrical equipment, fires have tended to
increase . in number, although this has been offset somewhat
by the decreased use of black powder.

As conditions exist today, the following classification

will give the causes of mine fires about as the numbers occurs
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by each cause:27

(1) Ignition of gas by electrical machinery,
lights or shots.
(2)kElectrical shorts from power lines, trolley
lines, bonds, or from faulty installations.
(3) Use of black blasting powder.
(4) Spontaneous gob fires.
(5) Fires caused by explosions of gas or coal dust.
(6) Fires caused by the heating of machinery.
" (7) Fires lighted in mines from surface fires.
(8) Pires caused by lighting some combustible
material by open lights, cigarette butts,
blow torches, welding apparatus, and other
unclagsified causes.

The above clezssifications include nearly all the
causes of coal mine fires and the number of their occurrence
would follow in the same order. Two of the most serious
accidents that have occurred in coal mine history hove ﬂeen
due to a fire. One, at the Cherry Mine in Illinois,. caused
the death of two huhdred ninety-seven men and the other, at
the Alsdorp Mine in France, caused three hundred men to lose

their lives.

. 27 D. Harrington and W. J. Fene, "Coal Mine Explosions

- and Coal Mine Fires in the United States during the Fiscal
" Year Ending June 30, 1940," Washington, D. C., Department of

the Interior, Information Circulsr 7136, p. 158.
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Prevention. Considering the prevention of mine fires

in the order named above, the best'way of preventing a fire
caused by the ignition of a body of gas by electricity, lights,
or other causes is to prevent the accumulation of such bodies
of gas. This may be done by ample ventilation, well conducted
through all workings and by careful examinatidns to detect
such occurrences. There are a good many ways that a body of
gas may be ignited, and the sure prevention is to prevent

the occurrence of such a body of gas.

BElectrical shorts. The occurrence of fires due to

electrical shorts may be prevented by the establislment of

a good code of standards for electrical installation and a
strict adherence to it. ©No insurance company would think

of insuring a house that was wired as many of the coal mines -
today are wired; yet the hazard in a mine is as great as or
greater than that of a building.

In installing underground wiring, all live wires should
be supported by insulators and guarded as much as possible
from danger qf being dislodged by falls. All stationary
equipment should be housed in fireproof vaults equipped with
automatic fire doors and installed to comply with the mining
laws of the state. All electrical equipment should be kept

free from grease or dirt and‘regularly inspected for electrical

‘;-defeéts. All defective or temporary Splicés should be re-

spliced properly and if possible the splice should be
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vulcanized., Insulated wiring should be used wherever possiblel
and mounted on insulators, not nailed to a prop. Sectional
gwitches should be set at short intervals and all powsr lines
kept dead when not in use, Automatic circuit breakers should
be used whepever possible and kept in a state of repair.

M. G. sets and transformers whereever possible should be set
on top and the power introduced into the mines through bore-
holes.,

At all mines where electriclty is used there should
be a man in charge of the electrical equipment who 1s fitted
by his ability, training, and experience to properly super-
vise the work. A systematic system of inspection should be
made of all wiring and equipment monthly, and a copy furnished
the mine foreman and superintendent. This report should
definitely state the condition of each underground power
statlon, of the conductors and controlling appliances of each
main and branch power and lighting circuit, and of all motors
and controlling appliances of each locomotlve, mine machine,
loading machine, pump hoist, or other piece of electrical |
equlpment in the mine., Equipment and circuits found defec-
tive should be immediately removed from service until repaired.
No voltages should be used or carried underground that exceed
two hundred and seventy volts unless they are carried in
metallic sheathed cables of which the sheath is grounded, and

1

then only used for transformers or motors of which the high
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voltage winding is part cf the stationary equipment.

Use of black blasting powder. Black blasting powder
yet remains the best explosive made for the production of
lump coal, but owing to the occurrence of fires, explosiocns,
and sickening or poisonous fumes in its use, it has to a
great extent been replaced by ﬁhe use of permissible ex-
plosives which are some%hat comparable to black powder in
lump production.r Fires due to the use of black powder may

be caused by blown out or windy shots or by the powder set-

- ting fire to the coal itself as it burns. Wherever it is

used, it is necessary to examine all places immediately

after the shots are fired.

Spontaneous fires. Spontaneous fires are most likely

to occur in lignite and subbituminous cozl seams but do oceur
in all cgal end are more prevalent in those seams that have

a fairly high sulphur content. Clean loading and the loading
out of all material that is likely to fire is the best pre-
vention of such fires. Any coal that contains sulphur is
very likely to caﬁch if it becomes damp and is covered with
gob or other material that will hold the heat until it reaches

the point at which it begins to burn. In some mines, it is

necessary to load all slack out as soon as cut, due to the tend-

ency of the bug dust to heat and slack. Any gobbed material

that is combustible should be watched and at any indication
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of a rise in temperature should be loaded out. O0ily rags
or waste are also very likely to ignite spontaneously, and
any accumulation of such materisl underground should not be
allowed. Dirty waste in repair or machine shopé should be
kept in iron barrels and removed to the surface at short

intervals.

Fires caused by explosives of gas or coal dust. TFires

produced by these causes can he eliminated if accunmulations

of gas or coal dust are not allowed. Keeping the mine clean,

-the ventilation in good order, and rock dusting and sprinkling

will reduce fires from this source to a minimum. There is
a growing tendency to run water pipes to all working places
and sprinkle the coal falls before they are loaded, thus

eliminating the dust at its source. Leaky pit cars are also
another source of dust and should be taken out of service at

once and repaired if they are leaking coal.

Other causes. Fires caused by heating of bearings,

by surface fires, and by lighting of combustible materials

by open lights, bldw torches, etc., are comparatively rare.
Two of the worst fires in mine history were caused in this
manner, the one at the Cherry Mine being caused by an oil
torch setting a car of hay on fire; and a fire in France being
caused by the setting off of a barrel of gasoline by an open

light. Such fires may be reduced to a minimum by the use of
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care and good sense and by using fireproof construction wher-
ever possible. All surface building near the mine opening--
especially fan and shaft bottom and slope entrances--should
be‘of fireproof construction. Mine pump rooms, transformer
rooms, motor pits, stables, and repair shops should be con-
structed of an incombustible material and equipped with auto-
matic doors. Where it is necessary fo store hay or oil under-
. ground, they should be kept in fireproof vaults, eguipped with
double doors that can be easily sealed. Electricel wiring
around such structures should be very carefully inspected and

‘no smoking allowed in these structures.

‘Pire fighting equipmént. All surface structures around

mine openings should be equipped with pipe or steam lines with
ample outlets and accessible hose to be used in case of fire.
These .shauld be installed in such a manner that they will not
freeze in winter. Good hose, frequently inspected, should

be kept. If possible, water lines should be run underground
with outlets at frequent intervals around the bottom, stables,
shops, and any other places that a firé might occur. Fire
extinguishefs should be kept at all stationary power eguip-
ment, at the stables, bottom, and storage houses, and at least
three should be kept in each panel when a loading unit is.
working. Barrels or sacks of rock dust should also be kept

Whefe they would be available in case of fire. Many mines main-

tain fire trucks which connect to a large tank with water,
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pressure being furnished by the pressure of carbon dioxide
gas which is generated through the action of sulphuric acid
in sodium bicarbonate. This 1s mixed and expelled through a
hose and is very effective in fighting mine fires. All other
.. . Tire extinguishers that are kept 1n the mine should be of the
carbon tetrachloride type that could be used on an slectrical
fire without harm. Besides the fire truck, another truck
should be kept equlpped.with axes, picks, shovels, bars, and

bushings and two hundred fifty feet of hose,

When a fire occurs. Anyone discovering a mine fire

that he cannot put out at once should notify everyone within
hearing distance and then go to the nearest telephone and
notify the nearest boss, stating briefly the location of the
fire and its size, The section foreman when notified should
get word-to the mine foreman. He 1in turn should immediately
notify the superintendent, 1f the fire seems to be of a serious
nature, The hoisting of coal should be stopped and the men
should be notified to come out, if the location of the fire

is such that it might endanger the men either by cutting off
thelr escape or from the smoke of the fire, The surface fan ,
should be left running normally unless the flre be directly

at the foot of the downcast shaft. In that case, and that

case only, it should be reversed. Emergency fire doors are

mainteined by some companies in order to quickly seal off
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any working section in which a fire may start; but these

should be closed only at the order of the mine foreman,

Methods of fighting fires. When a fire is discovered,
1t should be fought directly as long as 1t is safe to do so
and there remains any chance to extinguilsh 1t by the means at
hand, There is little danger'in flghting an open fire if the
proper safety precautions are taken. “1he return from the fire
should be continually checked for CQ, COB and CH4. The top .
in the viliecinity of the flire should be closely watched as the
heat from the fire will quickly affect it, There is not much
chance of methane accumulating on the return side of the fire
and backing up to the fire so long as part of the ventilating
is passing over the fire, as the fire itself will aid in the
ventilation, While fires generate some combustible gases, .
there is littlie probability of an underground fire generating
enough combustible gas to cause more than a slight explosion.
The use of‘rock dust, chemical fire extinguishers, the loading
out ofkgob fires, and water 1f it is avalleble are all means
by which a fire may be extingulshed; btut if the fire has pro-
gressed to a polint where it cannot be controlled and put out

by these means, either smothering by sealing off the srea or

alr

by flooding must be resorted to., In the majority of instances,

not enough water is availlable to effectively flood the mine

in a short time and such a procedure is also costly, as the
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mine once flooded will have to be pumped’out and a great deal
of damage to the entire mine will be done by the water itself.
For these reasons, it is generally considered a better practice
to seal a fire than to drown it.

Once sealing is decided upon, every safety precaution
possible should be utilized. It is a matter of primary import-
ance to have at every return from the fire, at all times, a
cpmpetent man to test the returns in order that the men may
be withdrawn if tests show that the gases are becoming dan-
gerous. This testing should be done with a safety lamp, a
methane detector, and a carbon monoxide detector. In a strictly
non-gassy mine the hazards are chiefly from the carbon mono-
xide, although there is a slight explosion hazard in non-gassy
sections, especially if water has been used in fighting the
fire, which may have caused the generation of explosive gaseé.
The hagzards in sealing a fire in a gassy section are from
carbon monoxide and methane explosions. As soon as the loca-
tion of the seals are decided upon, the vicinity in which they
are to be built should be heavily rock dusted and the dusting
carried up as close to the fire as possible. While this is

being done, material should be collected for the temporary seals.

Location of fire seals.®® 1In the simplest examples of

: 28<WQuestions and Answers on Rescue and Recovery Opera-
tions Following Fires and Explosions," National Mine Rescue
Association, 1938, p. 23.
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gob fires, which must be sealed to extinguish them, the closer

the seals may be set to the fire, the better the chance of
quickly extinguishing the fire, The quicker the oxXygen 1is
brought below twelve per cent behind the seals, the less
chance there 1s of an explosion and the closer the seals are
to the fire, the smaller volume of the air, As a rule, the
bigger the fire, the further away the seals are built, as the
seals in any case should be far enough back to protect the
men working on them in the event of a slight explosion,

In building the temporary seals, brattice boards and

vcanvas are most commonly used, The purpose of bullding these

seals 1s to cut off the alr as quickly as possible., After
the wofk is started, the structure does not need to be air-
tight as the expansion of the heated air and gases will raise
the pressure inside the sealed area and the leakage.will be
outward. ‘In building the seals, no fixed rule has been estab-

lished by the conditions surrounding each fire. If breathing

appraratus 1s available, it is preferable to erect both the

intake and the return stopping simultaneously. The principal
object in sealing is to reduce the oxXygen as quickly as poss-
ible and this can be done more quickly if both intake and
return can be closed together, If this is not possible, the
sealing can be done more rapldly by closing the inteke first,

After the temporary seals are closed, all men should

| be withdrawn as quickly as possible from the mine for s period
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of twenty-four hours and then permanent seals should be
erected sealing off the area, These permanent seals should
be well built of concrete or masonry and well notched in the
roof and ribs. They should be bullt strong enoﬁgh to with-
stand slight explosions and at least two pipes wilth valves,
one at the top and one at the bottom, should be built in them,
If the sealed area is to be recovered later, some provision
should be made for a door or sectlon in the center that could

be removed.,

Unsealing mine fires, Once the fire is sealed per-

manently, there should not be too much haste in unsealing 1t,
Frequent air samples should be taken by means of chemical
snalysis and as long as there is any carbon monoxide back of
the seals, 1t will indicate an active or recently active fire
and no attempt should be mede to unseal until 1t has dis-
appeared, Because there may be other combustible gases such
as hydrogen and methane behind the seals, 1t 1is essential
that the oxygen be reduced to at least five per cent behind
the sealed aresa, and it would be more desirable 1f 1t were
reduced to one per cent.

Two methods are commonly used in unsealing a fire,
by airlocks and by direct ventilation. Direct ventilation

is the system most commonly used.

When a decision has been made to recover a sgealed
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area by direct ventilation, an airlock should preferably be
constructed near the intake seal. A rescue crew using a
1ife line and fully equipped for the work at hand breaks the
seal, enters, observes conditions, takes temperature readings
and air samplés, and returns to the fresh alr base. If the
observations and examination of the affected region have shown
that conditions are favorable, the return seal 1s broken by
an apparatus crew; then the airlock is opened to admit air,
The area is ventilated, but the combustible gases in the main
return should, if feasible, be kept below the lowest explosive
limit. If this method of recovering a fire area is employed,
i1t is advisable that all men be out of the mine before the
air is actually directed into the sealed area. Some automatic
arrangement should be employed which would give sufficient
time for all persons to reach the surface before the fire gases
were éctﬁally moved, A reasonable perlod should be given for
| the fire géses to be removed and frequent detérminations should
| be made of the return from the mine, and the time for any
person to enter should be governed by the quality of the re-
turn air, This may be accbmplished by installlng a continuous
methane recorder in the main return from the mine, by testing
with an approved methane detector, or by systematlic perilodical
sempling and analyzing on the portable Orsat apparatus. If

the workings under seal are of an extensive nature, it will
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probably be advisable for crews equlpped with oxygen apparatus
or possibly gas masks, to re-enter the mine and completely

clear out the fire area of any standing fire gases.

R SR SN SIS AR
Ve e s -




1.

2o

Se

Se
6o

7o

8e

9o
10,
11,
12,
1s.
14,
15.
16.

17.

121
QUESTIONS FOR CHAPTER VIII

Ngme some of the common sources of mine fires,

Discuss the installation of electrical equipment from
the viewpoint of fire prevention,

Discuss what safety precautioné could be used in the
mines with which you are fémiliar for the prevention of
mine fires,

What sre the usual methods of fighting mine fires?
When should you decide to seal a fire area?

Which 1s the best method of fighting a mine fire,
sealing or flooding?

What are the advantages of sealing a fire?

WWhat are the disadvantages of flooding a mine fire?
What are the hazards in sealing a mine fire? (
Should intake or return be sealed first or both together?
What distance should the seals be built from a fire?
Should temporary seals be used? Why?

How are temporary seals constrﬁcted?

Should permanent seals be bullt?

How should permanent seals be bullt?

Whet are the principal factors that govern the time for
unsealing mine fires?

When is the atmosphere considered safe behind seals

from the standpoint of explosions?




18. What does the presence of CO behind seals indlcate?
19, What finally happens to the CC behind seals enclosing
a fire area?

20. Describe the methods of unsealing a flre aresa,




B e i i
T W

CHAPTER IX

MINE EXPLOSIONS

Lesson Subject:

Causes and preventicn of mine explosions.
Topics to be Studied:

Sources of explosions, types of explosions, causes

of explosions, effects of explosions, and preventiocn of

- explosions.

Lesson Objective:

To learn the cause and prevention of mline explosions

and the use of barricades to save llves after explosions.

Re. o . -
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CHAPTER IX

MINE EXPLOSIONS

Mining explosions are the most dreaded oécurrence in
the mining occupation, and any coal mine 1s a potential ex-
plosion hazard unless proper precauvtionary measures are taken,
Today the source, cause, and prevention of mine explosions
are well enough understood that if ordinary safety precautions

are observed the occurrence of explbsions can be almost

entirely eliminated,

Mine explosions are originated from two sources, first,
the accumulation of bodies of gas and, second, the accumulation
or depositing on the surface of mine workings of flne coal
dust in explosive quantities, If either of these conditlons
exists in a mine, there 1s a potential explesion present -
waitihg for a chance to happen, When as serious occurrences
as mine explosions can be narrowed down to two causes, it
would seem that they could be easily prevented. Yet explo-
sions have taken and still are taking their annual toll of
lives, Table V shbws the occurrence of explcsions by states
in the Unilted States from the first year of which records
were available up to and including 1935,

The first column gives the total number of explosions;
the, second the average number of exploslons per year; the

third the total deaths due to explosions; and the fourth the
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TABLE V

OCCURRENCE OF MINE EXPLOSIONS, 1883-193529

Average Average
Number Deaths Number
Ignition of Explo- Due to Desaths
or Ex- sions per Explo- per Ex-
State Period plosions year sions plosion
Colorado 1883-1935 120 2.3 798 6,65
Illinois 1883-1935 281 5.4 818 2.91
Indliana 1878-1935 182 3.2 397 2.18
, Kentucky 1884-1935 77 1.51 368 4,78
New Mexico 1895-1935 18 45 4902 27.30
Pennsylvanla
Anthracilte 1870-1935 1268 19.5 2236 1.76
Bituminous 1870-1935 178 2,74 1997 11.21
Utah 1900-1038 12 34 408 30,40
Virginia 1839-19356 34 «35 551 16.22
West Virginia 1883-1935 298 5,73 2077 6,96

Wyoming 1881-1935 69 1l.28 554 774

; 29 D, Harrington, "Progress in Safety in Coal Mining
in the Unlted States," Washington, D. C., Department of the
Interior, Information Circular 6810.
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average number of deaths per explosion. There has been in
the past ten years in the United States as a whole a decrease
in the death rate per explosion and also a little decrecase
in the number of explosions per year, but they dccur too
frequently. The occurrence of any explosion is no longer
justifiable with the present-day knowledge of their prevention.
The most common cause of the ignition of explosives
in the past years was the use of black powder in solid shooting
with the frequent occurrence of Windy shots causing dust ex-
'plosions or the lighting of both gas and dust. This occur-
‘rence in recent years has been greatly reduced through the
introduction of permissible powder, so that today explosions
due to the use of black powder are comparatively rare. Today
the most common causes of ignition are electrical flashes,
faulty e;ectrical equipment, open lights, and other sources.
of flame. Occasionally the occurrence of a body of gas 1is
unavoidable but these are rare} When such a hody of gas does
occur and is ignited, the explosion can be localized by the
present-day methods of air splitting and by the use of rock
dust and rock dust‘barriers. In the past explosions that have
occurred, some of the common causes of the presence of the
gas have been accumulation of gas through inadequate ventila-
tion, accﬁmulations of gas in squeezing areas, with a resulting
interruption of the wventilating current, improper ventilation

and inspection of abandoned areas, liberation of gas through
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improperly constructed seals, stoppage of ventilating current
by falls in air courses, destruction of doors through acci-
dents, doors left open by accident or carelessness, failure
to comply with the law in driving crdss cuts, use of booster
fans, cutting and shooting into 0ld works not properly located,
failure to seal off old works when abandoned, liberation of
gas through destruction of pillers by squeezing, lack of mine
discipline and disregard of the provisions of the state mining

laws, and failure to enforce mine rules and regulations.

Phenomena of mine explosions.50-—Definition. A mine

explosion is usually understood as meaning that violent dis-
turbance of the atmosphere within a mine which is caused by
rapid combustion of explosions of gas or coal dust or both
and which produces a destructive blast of air that is accom-.
panied by flame.

A gas exploSion, in this discussion, will mean combus-
tion of gas accumulations where found in a mine with results
as mentioned.

A coal dust explosion will mean the rapid combustion
of coal dust (although there is always some gas present during

such combustion) when raised in a cloud inside of a mine.

30 Bureau of Mines, Information Circulars No. 6710,
6752, 6753, 6760, 6764, 6765, 6801, 6802, 6819, 6870, and
Bulletins 56, 167, and 369.
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Gas explosions. When an explosive gas mixture is

placed in a tube closed at one end, and the mixture is ignited
at the closed end by some source of heat, the flame of the
burning gas will travel with rapidly increasing velocity to-
ward the open end. The process whereby the gas is ignited

is as follows: 1If the heat supplied by the ignition source

is small, the gas in immediate contact with this ignition
source may be burned but the amount of heat generated is not

sufficient to cause ignition of the unburned gas which en-

velopes the burning gas; however, if the source of ignition has

sufficient heat to raise the thin section of gas which sur-
rounds the flame above its ignition point, then the heat from
the combustion will be sufficient to ignite the next adjoining
section of gas and the flame of combustion will pass through
the gas mixture_in this manner with increasing velocity. |

The velocity which a gas-explosion flame will attain
depends on the nature of the passage, the type of gas mixture,
and other conditions. In a hydrogen-oxygen mixture, for in-
stance, the flame starts its travel slowly, as in all gas
explosions, but sooh reaches a point where the velocity exceeds
that of sound. At this point the flame travels so rapidly
that one expert has used the term "detonation" to describe the
explosion; since the same type of combustion takes place when
a detonator is struck. The flame travels with the velocity

of sound in the burning gas, which itself is moving rapidly
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forward en masse, so the explosion flame travels faster than

'

the velocity of sound. In this type of explosion each section
of gas is compressed so suddenly by the pressure due to the
sudden expansion of the burming gases that the’temperature is
raised above the ignition point of the gas which suddenly
ignites.

It is hardly probable that gas explosions in mines will
experience the detonation wave or flame described above., Most
gas ignitions result in low-velccity flames which quickly con-
sume all of the available gas and die ocut, spreading destruction
only in the immediate vicinity of the ignition but produclng
poisonous gases that affect worlmen outside of the explosion

aread.,.

Dust explosions., There is considerable similarity

between gas and dust explcsions. 'The gas explosion requires

a mixture of the gas with air in certain proportions; the dust
explosion requires “intimate" mixzture of the coal dust and

air in “certain" proportions or the dust rmust be raised in a
cloud, Both explosions require a certéin amount of heat in

the ignition source to start the inlitial combustion; any lesser,
amount will fall short of igniting the gas or dust and no ex-

plosion will occur, After initial ignition, the heat generated

by combustion of the dust must ignite an adjoining section of

dust, and in this manner the flame will travel through the

.
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dust cloud with increasing velocity.

When coal dust is burned, the gases produced will
occupy considerable more space than the original air and dust
mixture owing to the high temperature developed# since the gases
are more or less confined by the mine passageway, considerable
pressure is developed. This pressure will cause a flow of
air from the point of high pressure to a point of lower pres-
sure and this causes the destructive wind or "pressure wave"

which accompanies dust (and gas) explosions. This pressure

wave usuaily precedes the wave of flame and thus aids combus-

tion by raising coal dust into a cloud which is burned by the
following flame wave. It can be seen, then, that a coél dust
explosion under favorable conditions will progress through a

mine as long as there is coal dust to feed the flame.

Shock and pressure waves. In dealing with ishock" or

"pressure" waves we must divide them into two classes, those
which are the result of the conecussion which originates the
explosion, and those which are the result of the explosion
itself.

A blown-out shot or a fall of roof will produce a
concussion which spreads through the air with the velocity
of sound. It is this pressure wave that gives us the sound
of a shot or fall. This velocity will depend on the density

of the air and will differ in mines having different elevations
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and temperatures, Blown-out shots have the power to raise
coal dust into a cloud near the polnt of the shot, but the
pressure of thils shock wave diminishes as it travels away from
this point; it 1s doubtful, then, if this shock wave could
raise dust except in the immediate vicinity of the shot, The
same is true of falls of the roof, although the shoclk wave
originated from such a cause can have sufficlent pressure to
raise dust clouds at a conslderable distance away i1f the fall
is a heavy one, "The wrecking of a trip of cars will produce
a small shock wave, while an explosion of gas will have a
shock wave of an intensity whilch will depend on the quantity
and qpality of the gas-air mixturse. Any agency in the mine
which 1s capable of ralsing a dust cloud will produce an
initial shock wave,

If ignition of the dust cloud follows the initial shock
wave, tﬁere is a rapid successlon of pressure waves produced
by the successive explosive combustlons of the dust and accom-
panied by a forward movement of the column of air, These
pressure waves and forward movements continue as far as the
coal dust explosion propagates, stirring up the dust ahead
of the flame. It 1s thils forward movement with 1ts accom-
panying waves raising coal dust that makes spread of a coal

dust explosion possible,

Flame velocities and temperatures, Although shock
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waves may have veloclties in excess of 1,100 feet per seoond,‘
the initial flame velocity in a coal dust explosion will rarely
exceed 500 feet per second. The flame velocity depends on the
rate at whileh combustion can proceed through the dust cloud
present, and also on the movement of the alr carrying the dust
cloud along the passageway. If conditions are favorable, the
flame may slow down and die out. The lowest flame velocity
recorded by the Bureau of llnes in experiments in a self-sus-
tained dust explosion was 30 feet per second (20 miles per
hour approximately). Under favorables conditions for propagation
the flame velocity wlll Ilncrease from this initial velocity,
or will mccelerate, until velocities of 1,000 to 1,500 feet
per sécond may be attained in one second of time or less,

The maximum veloclty attalnable 1s in doubt but velociltles
in excess of 4,000 feet per second (2,040 miles per hour) have
occurred in the Experimental Mine of the Bureau of Mines,
and 6,000 feet per second has been Indicated. The possible
experimental errors at such high velocltles become so large
that there 1s considerable uncertainty concerning them. A
velocity of 6,000 feet per second 1s much faster than black
powder burns and 1t approaches the velocity of detonation of
some of the slower detonating explosives, At any velocilty
in excess of 1,200 feet per second (which is the approximate
velocity of the pressure waves) the flame can overtake the

initial shock wave if a suffilclent length of passageway 1s
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available, and will then proceed through a dust cloud formed
at its front by the pressure of the expanding gases of combus-
tion, projecting its own waves far enough ahead to stir up the
amount of coal dust necessary for propagation of the explosion.

Attempts at measuring the temperatures of explosions
have not been very successful. Folls of various metals which
melt at Qifferent temperatures have been used and temperatures
of approximately 2150° F. on one occasion were thus obtained.
It 1s questionable, however, whethér the fusing of the foil
was produced by a temperature of siightly more than 2150° .,
during a comparatively long exposure, or whebher a much higher
temperature melted the foll during a short exposure, The con-
sensug of opinion is that temperatures between 1250° P, and
2150° F. are obtained during an explosion, Attempts at cal-
culating temperatures theoretlcally indicate that 5000° F,

would be attained as a maximun, yet the observed temperatures

are less than half this value,

Shape of flame., The flame of a coal dust explosion in

a mine passageway has a pointed shape with the point somewhere
near the center of the passageway. No doubt the outline of
this shape changes from second to second, but the general
pointed shape is retained. In a weak, slow explosion the

shape will have sharp point and the combustion flame may not

extend entirely to the walls, In fact, tests have shown that




134

in weak explosions the zone of combustion is confined well to
the center of the entry and at times may not extend as far as
a point midway between the center and the rib of the entry.,
Experiments have indicated that the length of point may be as
much as one hundred feet and the flame length, including the
point, may be three hundred feet 1ong‘at any one instant,
With an ;ncrease in flame velocity we find the point becomes
more blunt and the total length of flame becomes less; lengths
as low as fifty feet have been indicated, The duration of a.
flame, the time that it requires to pass a given point, ranges

from 0.03 to 0,1 of a second,

» Pressures produced by coal dust explosions. The pres-

sures produced by burning coal dust during first ignition are
low and usually not more than three to five pounds per square
inch above atmospheric pressure. An unusvally strong ignition
source may increase this iniltial pressure, If conditions for
propagation are unfavorable, so that a slow, weak explosion
results, the pressures developed may never rise above the
initial pressure, If conditions are favorable for propagation,
the pressures developed will rise rapidly and will reach from
twenty~five to fifty pounds per square inch wlthin a second.
Under very favorable conditions these pressures may reach

sixty to seventy pounds,

‘ The pressures developed during combustion of coal dust




135

cannot be calculated in the present state of our knowledge of
the physical laws involved. Theoretically, the maximum pres-
sure obtainable at atmospheric pressure is one hundred and
forty-two pounds per square inch; however, as ﬁhe explosion
develops, precompression of the air occurs ahead which may be
several atmospheres of pressure. Thus; if there is sufficient
coal dust present, the pressure of the explosion is corres-
pondingly increased and extreme violence may result. It is
characteristip of explosions in dusty coal mines unprotected
by rock dusting that the violence of the explosion increases
as it travels. On the other hand, if the flame is extinguished
by rock dusting or by other means, the pressure rapidly drops.
Tests in the Experimental Mine of the Bureau of Mines
produced a maximum pressure in one instance of one hundred and
twenty-seven pounds per square inch. Higher pressures wereA
experienced but wrecking of the manometers prevented the ob-
taining of records. High pressures are of shorter duration
than low pressures; thus pressures of fifty pounds per square
inch last only a few hundredths of a second and approximate

a2 hammer blow.

Chemical reactions occurring in a coal dust explosion.
In slow or weak explosions, a thin layer of relatively pure
air is found to remain close to .the rib, probably filled with

a dense layer of suspended dust, until after the flame has
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passed. At the same time in the center of the entry the
oxygen content of the air has been reduced to not over two
or three per cent; while from ten to twelve per cent COo and
appreclable quantities of CO and other distillétion products

are formed from the coal dust.

In rapid and violent explosions of dry dust the com-
bustion removes more oxygen so that 1ts content in the entire
body of alr may be less than one per cent, CO may be formed
in quantities of four per cent or more, and CO2 will be redﬁced
at the same time., Evidently the CO is formed by the action
of extremely hot carbon on COo after primary combustion has
taken place., The coal dust 1s also distilled by the higher
temperatures and more prolonged heating so that hydrogen and
methane are formed in appreciable gquantities, At times ap-
preciable quantities of methane and unsaturated hydrocarbons
are fouhd.

If the coal dust taking part in the eiplosion is wet
or damp, a reaction similar to that used in forming water gas
is present; as a result, large quantities of carbon monoxide
and hydrogen are formed. One sample of gases taken under such
conditions contained 0.8 per cent Og, and 11.7 per cent COg,
6.2 per cent Hy, CHy, and Collge

After the flame has passed, the chemical reaction ceases.

Changes in composition are then caused by dilution with fresh

air from oubtside the explosion area, and also by absorption
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of some of the gases by the coal dust or coal ribs. 1In any
event, the gases will undoubtedly be uusafe to breathe until

full ventilation has been restored.

Coking phenomena. Coke found after coal dust explosions

in mines is the residue of partly consumed dust. The quantity
of coke found after an ezplosion depends largely on the coking
properties of the coal in the mine. Other conditions being
equal, a slow ekplosion will produce more coke because the
dust is exposed to the heat of flame for a longer period of
time and there is less tendency to destroy the coke by violence.

Although there is no definite relation between coke de-
posits and the origin of an explosion, it has been found‘that
the coked dust near the origin usually faces the source of
explosion. As fhe expiosion accelerates, the coke is more
likely to be found on timbers on the opposite side from the
source, and as the explosion dies away the coke is again found
on the facing side of projections.

Much less coke is found after a violent explosion than
after a weak explosion. This may be due to more complete com-

bustion, or to the fact that masses of coke are broken up by

the subsequent violence.

Movement of objects by an explosion. In the section

of. "shock" and "pressure" waves we did not attempt a discussion

ure waves set up by the combustion of coal dust.

of all the press
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It is known that the pressure waves, of which therec are many,
are caused by the rapid combustion of coal dust with a certain
zone, which zone 1s moving with a velocity that excesds that
of sound, When the exploéion 1s travellng freely along a
passageway and is not dying out, the pressure in she flame
produced by the intense heat is greatér than that ahead or
behind ;t. Because of thils, a horizontal column of air is
forced ahead of the advancing combustion zone at high velocity,
and likewise, a column of burned gas 1s propelled baokwards‘
toward the origin of the explosion.

The varlatlon in pressure waves and theilr effect on
objects in the explosion area is extremely interesting. If
the pfessure waves in advance of the flame zone are strong
enough t§ move objects, their travel in this dilirection will con-
tinue until they are overtaken by the flame zone and they come
under the influence of the backward or "'retonation" waves.
Quite often these latter waves are of much gfeater pressure
than those which first moved the object so that its movement
back toward the origin of the explosion may be even more vio-
lent than the original motion, If the exploslon continues
forcefully, the object may come to rest much closer to the
explosion brigin than it was originally. Instances of this
happening to heavy boards and mine cars are definitely known,

After an explosion 1s extinguished, there is an inrush

of fresh air to fill the partial vacuum created by coollng of
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the hot gases. Thls inrush may carry light objects for con-
siderable distances and complicate the evidence of movements
of materials, The position of obJecta, thereiore, cannot

always be relied on to point the way to the origin of an ex-
plosion. Final movements of objects may be away as well as
toward the origin, and a careful study involving all factors

1s necessary in determlning the exact locatlon of the ignition,

Character of the initial ipgnition impulse, The manner

in which an explosive mixture of gases is ignited, or the
character of the inltial ignitlon Impulse, is a factor in gas
explosions. It was not uncommon for miners in this country
twenty to thirty years ago to burn out accumulatlions of gas in
the working places by raising a lamp or candle to the roof
where the gas had accumlated and ignite the gas by this means.
A firedamp mixture may be ignited by a lamp flame or some other
source of gquiet ignltion without causing an explosion; but the
same mlxture, when fired by a blowvn-out shot, may explode with
violence. The volume and intensity of the ignition source
are the factors that determine in many cases whether quiet
burning or an explosion will result,

The volume of the flame source 1s important., A large
volume will communicate considerable heat to the explosive
mixture and thus cause easier ignition throughout the geas masse.

A large quantity of initlal neat will overcome the losses due

to conduction; convection, and radiation and still allow
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sufficient heat to cause rapid igﬁiﬁién of ﬁﬁe 883,
The intensity of the initial impulse or the temperature

of the lgniting fleme will likewise determine whether qulet
burning or asn explesicn will result., The heat trensferred
from the lgnitlon source to the gas and the heat developed

by the initial burning is dissipated so rapidly under normal
conditipns of Lemperature that it is necessary to conserve

this heat 1if an explosion is to result. Thus, a higher initial
temperature, such as would be obtained from electric arcs, will
often cause explosions; whereas an lgnition source of lesser

intensity would not cause en Igniticn,.

v Coal dust explosions.51 Practicelly all operatlions in

coal mining are accomplished by a production of fine dust,
and it has only been in recent years that the part played in
‘mine explosions by coal dust has been recognized, Iine dust
once accumulated may be thrown in the alr and ignited by a
smaller gas explosion, or it mey be thrown in suspension by
some other shock and then ignited by electric arcs or open
lights, Once the exploslon 1is startéd, the pressure wave ailds
the explosion by raising the coal dust ahead of the Tleme.

The finer the dust is the more explosive it 1s and the

presence of coal dust will bring the lower explosive limit

%1 United States Bureau of Mines, Washington, D. C.,

Bulletins 56, 167, and 369.
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of methane down to one and one-half per cent. The dust found
on ribs and roof is also more dangerous owing to its fineness.
Only a small amount of this dust is needed to start an explo-
sion, as tests have shown that ten pounds of dust, if present
in a cloud such as might be formed by a wreck or by a heavy

fall, could be ignited by an electric arc or by an open light.

Prevention of coal dust explosions--causes and remedies.

The lessening of coal dust explosion hazards must take into.
consideration the means of producing coal dust and the means
whereby such production can be diminished.

(A) Coal dust is produced at the face by undercutting
(or machine cutting of the coal face), blasting, and loading
operations. The remedies to be employed include use of a
water spray on the cutter bar, using the face and coal before
blasting and during loading operations.

(B) Coal dust is produced by pieces falling off the
overloaded mine cars or through cracks in the bottom and ends
of cars and being ground underfoobt and by car wheels. The
remedy is to have cars with tight ends and high sides, and not
to load above the sides. Tight-end cars will require revolving
dumps .

(C) Coal dust is produced when coal sloughs of f the

roof or ribs along haulage or traveling ways and is ground to

i

dust under haulage equipment and under the many feet of men
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end animals. The remedy 1is difficult, since it involves
timbering and tlght lagging at the ribs or lining the passage-
way with brick or concrete, or coating it with cement by the
gunite process,

(D) Coal dust is formed wherever coal 1is dumped, as at
shaft bottom dumping points or into the mine workings by the
ventilgting current, The remedy, of course, is to eliminate
dumping coal inside the mine and to move preparation plénts

away from the point where the Intake air enters the mine,

wWetting coal dust. Humidifying the air current at one

time was considered an effective means of wetting coal dust,
Tests have shown that the moisture content of pure coal dust
remains practically ﬁhe same in & sabturated air current and
that the dust tales up additional moisture only in supersatur-
ated air. This means that the mine alr must be foggy in order
to wet the coal dust, and this condition would be extremely
undesirable in mines. Even where such a method would be
allowable, it would be necessary to give additional sprinkling
to the dry places, |

Use of calcium chloride has been tried commerclally,
but was too costly for the results cbtalned., This salt has
the property of taking moisture from the air wherever it 1is

exposed, and the use of such a salt would, theoretically,

moisten any coal dust coming in contact with it. It was found
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)

that water did collect in globules and films on the surfaoce
of the coal dust where the calecium chloride had been applied,
but the dust underneath the surface was quite dry. Even when
thoroughly mixed with the coal dust, this salt did not effec-
tively wet the coal dust, If effective wetting could be ob-
talned on the floor of passageways by thorough mixing by the
feet of passersby, the calcium chleride would still have to be
added to the rib and timber dusts with the possibility of in-
effective wetting of these dusts existing, |

‘Use of a water sprayer on the coal dust by means of
tank cars and hose, pipe lines and hose, and by fixed water
spr;nklers has also been made at various times. In order to
wet the pure, fine coal dust effectively, water must be added
until it represents thirty per cent by welght of the dust and
in this condition the coal dust would resemble mud, It is
obﬁioﬁs that even elaborate wetting devices are useless 1if the
coal is not effectively dampened, and the nature of coal dust
is such that effective dampening requires much labor and equip-
ment and thus 1s a costly procedure, |

Wetting mixtures of coal dust and rock dust appear to
be more effective in actually dampening the coal dust than
when it is sprinkled alone. The ease of wetting appears to
be somewhat in proportion to the percentage of shale or rock

dust present and may offer a solution to the difficult problem

of wetting coal dust where such 1is necessary.




144

Dustless zones., The idea of o dustless zone as a means

of preventing the spread of a gas or coal dust explecsion has
been tried out by actual test., The so-called dustless zones
were cleaned by swéeping them with brooms snd by blowing with
compressed air jets, Notwithstanding the practically dustless
conditlons obtained, an explosion of coal dust which was started
in a zone of three hundred feet in length had sufficient force
for its flame to travel eight hundred feet through the dust-
less zone; and second explosion, originated in one hundredlfeet
of an entry well covered with coal dust, had sufficient force
to travel five hundred feet through the dustless zone. The
danger of explcsions prapagating to great distances cannot be
wholly eliminated by any method whereby only the coal dust 1s

removed, Some method whereby the explcsion, once started, can

be limited must also be provided,

Knocking out weak stoppings. It has been advocated

that the use of weak stoppings which would blow out and re-
lieve the initial pressure of an explosion, thereby allowing_
the flame of the explosion to dle ouﬁ, would aid 1n preventing
the propagation of explosions. Tests have shown that there

are many instances in which the blowing out of a stopping after
an explosion was well started did not prevent the continuance

of the explosion. Seemingly the only time when explosions

failed to propagete was when crosscuts at the scene of the
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explosion were open, which would approximate having weak and

easlly knocked out stoppings in these same crosscuts., The
rellef offered by weak stoppings is of doubtful value, while
thelr disadvantages include the fact that they are leaky, and
also that after an explosion every stopping would have to be
restored before ventllation would be possible. Substantially
bullt stopplings of concrete, masonry, or other non-combustible
materials have withstood explosions of conslderable force and

thereby made the task of recovering the mine much easier,

Application of rock dust. The Bureau of Mines deter-

mined in 1913 that the application of Incombustible dust,
commonly called rock dust, to explosive coal dust would abso-
lutely prevent ignition or would stop the propagation of an
explosion if present in sufficlent quantities. It 1is now
generally accepted that rock dust, if fifty-five per cent or
more of the total dust content, will prevent or stop explosions,
although the presence of explosive gas requires the additlion

of between two and ten per cent more rqck dust for each one

per cent of gas, These values indicéte the average for bil-
tuminous coal mines, and each mine will present its ocwn

particular problem in dust applicatlon,

‘Summary of methods for preventing explcsions. The

absolute prevention or limitation of mine explosions, either

will rarely result from haphazard methods

of gas or coal dust,
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of removal of hazards, but will be the result only of a de-
finite plan of procedure for the elimination of gas and dust
hazards from the time the coal mine is opened and made ready
Tfor productilon,

The develcpment of the mine should be planned with the
idea of having a sufficient number of alrways and haulageways
to provide for adequate ventilation, A coal seam which glves
off considerable gas or is extremely friable and liable to
produce fine sizes of coal dust should be treated as much mére
dangerous than a non-gassy, harder coal seam. Openings into
the mine should be of ample size and sufficlent number to
meet any emergency.

| Ventilating equipment and devices should be of a per-
manent nature, The fan or fans should have ample ventllating
capacity. The necessary stoppings should be substantially
built of non-combustible material (except temporary stoppings),
and doors should be replaced with well bullt overcasts when-
ever such is possible.

The mine should be developed on an approved plan which

will separate the mine into districts so that ventilation can

be properly controlled, Adequate ventilation should be pro-

vided., That 1s, all open parts of the mine should be venti-
lated by a column of air which will not only "dilute, render

hermless, and remove" gas but will also be sufficient to
Doors should be

"render harmless" any sudden outburst of gas.
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eliminated wherever possible, and all abandoned areas should

be sealed effectively,

Inspection must be conscilentious, inflexible and rigid,

and should be followed in a well planned procedure. Inspectors
should be competent, Searching employees for smoker's articles
should be a regular duty,

Supervision, by which is meant the origination and main-
tenance of proper lnspectlon, ventilation, equipment, and safety
measures, must be a part of a well planned "prevention of ex-
ploslons" campaign,

The dust resulting from mining operstions should be
controlled by watering or rock dusting. Watering should be
done.at the points where dust is made, 1l.e., at the.face during
cutting and blasting, on the coal while loading 1s done, and
on the tops of loaded cars before they are moved., Sprinkling
of hauiage roads is a valuable method of allaying dust. Rock
dusting in all mines, except anthracite mines, should be done
wherever possible, and use should be made of rock dust barriers
at the entrance to working sections, The removal (loading out)
of excessive coal dust is recommended also,.

Blesting should be done by competent shot firers,

Only permissible explosives should be used., Where it is

possible to undercut the coal, it should also be sheared to

minimize the danger attendant on blasting.
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Erectlion of barricades after mine explosions.o2 Afterp

~mine explosions or during mine fires, deadly gases are gener-
"ally found throughout the workings and lmperil the men who
survive the violence or heat, Flve hundred and fifty-Tive
men in America alone have saved their lives by building barri-
cades or bulkheads to protect themselves from the deadly gases,
and many men have lost thelr lives by neglecting to build
barricades., Also, imprisoned miners have built barricades in
an imperfect or inadequate way and as a result'have perished.

A barricade must be gas=-tight, and the barricaded place must
not have any other comnnection and must not have been contamin-
atedyby gas before use as a refuge,

Investigations after mine explcsions have shown bhat
many of the men found dead had escaped the violence and flame
of the explosion but had succumbed to the afterdamp left by
the explosion. The evidence collected shows that in a selected
list of 140 mine disasters 1,477 men were killed outright and
1,391 men were overcome by afterdamp. In other words, about
forty-eight per cent of the men killed in these disasters

were alive after‘the explosion occurred and probably died from

afterdamﬁ.

Tn some instances, miners have traveled long distances

32 D. Barrington and M. W. Bunewitz, "Saving of Life
by Barricaeding in Mines and Tunnels at Times of Disaster,
Washington, D. C., United States Bureau of Mines, 1933.

11
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from their working places before sncount beving deadly gas
' l)l;@,

and groups of men have been found dead jin veuohs secbliona of
mines to which they had retreated to escape the afterdamp,
Again, men have been found dead near a pile of brattice
material, which they did not use because they probably did not
know that a barricade would be cf valus, In several instances
where miners were rescued after an explosion, they said bhab
they knew nothing about ersction of barricades, so there are
possibly many others unaware of this method of escaping deatﬁ
when left alive in a mine during a fire or sfter an explosion,
When there is a fire or an explosion in a mine, undoubt-
edly the first impulse of the survivors is to dash for the -
nearest exit, elther to the surface or to the shaft bobiom to
be hoisted out of the mine, Under circumstances such as these,
men natu?ally degire to get out asg quilckly as possible but
frequently, in making their way to the surface they rush into
afterdamp or the afterdamp overtakes them and they are over-
come., In every crowd there is nearly always at least one cool-
headed man who is able to take charge of a number Qf excited
and more terror-stricken men, and he should be obeyed for the
welfare of all concerned. When miners are trapped by a mine
fire or left alive after an exploslon, they should nof rush

aimlessly around but should immediately make an effort to

protect themselves., The followlng recommnendations are made

as an aid to the proper method of doing this:




Recommendations Tor construct

lon of barricggqg.
When entrapped vy gaszses from wmine filres or explo-
sions, keep uppermost the thouzht of building a
barricade or bulkhead and collect tools, timber,
canvas, water, dinner bucksts, and everything
else that might be useful.,

A sultable pla;e should be chosen as soon as
possible for the srechbion of a barricade and 1its
congtruction should be started without delay as |
the deadly gases often travel quickly., An effi-
cient barricade can be erected in periods from
thirty minutes to two hours, depending upon
conditions,

The ventilation should be short-circulted as soon
as possible by opening doors or destroying stop?
pings and temporary barricades should be erscted
by hanging brattice cloth or moviﬁg a door to a
new place across the entry, The permanent barri-

cade should be started about fifty feet from the

temporary construction,

(D) As much territory as possible, such as entries or

drifts, rooms, and crosscuts, should be included
in the barricaded areas, regardless of the number

of men in the party, so as to provide a maximum

guantity of air.
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Before constructing barrioades, malie sure bhat
there are no other openings or connections with
other workings through which gases could entear,
Also, make surse that the entry or drift is not in
broken ground or in sbtrata through which gases could
enter, In metal mines, back-filled ground should

not be chosen élnoe gases are likely to pass through
such regions,

If a barricade of 1umps'of coal, slate, rock, or

ore ls erected, two walls aboul two to three feet
apart should be built and the space betwesn should

be filled with fine materilial, preferably mud. "The
stoppings must be air-tisht, Board stoppings are,

as a rule, not as easily made gas-tight as thoss |
erected of dirt or rock and dirt, especlally dirt

in the form of soft clay or mud. Board stoppings
covered by canvas or damp brattice cloth can be

made sufficlently tight to exclude the dangerous
gases,

All chinks and holes in the barricade should be
stopped with clay, rags, clothes, or similar material,
Barricades in coal mines should not, 1f avoldable,

be erected in workings or places that give off gas

(methane), for firedamp may accumulate and be

ignited in some way. Also the accumulations of
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methane will displace air behind the

barricades,
and the life-sustalning capacity of the harrvicaded
area will be shortened,

IT a piece of pine ig available, it should be
placed through a stopping of the barricade and
plugged at the inner end so that tests of alr out-
side of the barricade can be made.

After the barricade has been built, the men should
keep as quiet as possibie because a man uses several
times as much oxygen when he exerts himsel? as when
he keeps absolutely qulet,

All flame lamps should be extinguished to conserve
oxygen; 2lso, 1f methane 1s given off, the flame
would soon cause an exploslion, It 1s desirable

not to use candles, carbide lamps, flame lamps,

or electric batteries neesdlessly,

Food and water should be conserved as long as
possible,

A siegn should be placed outside the first stopping,

g
if ﬁofe than one is buillt, to show that men are
behind it.

If possible, barricades or bu kheads snould be
erected with a valve enclosed in the compressed-
the mine,

air line, if compressed air 1s used in

The valve should be opened when necessary to
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furnish additional air, precautions belng taken,
however, not to allow poisonous gases to enter the
barricaded regilon through the compressed-air line
after the compressed air fails,

(0) It is very important that underground employees
should be familiar with all escapeways, manways,
and other exits., They should also know which
entries serve for intake and return air currents.
A mining company should have all parts of a mine'
equipped with easily-read direction signs indicating
the pathway to exits,

(P) Many lives have been sacrificed because miners did
not know the coursing of the venhllation in the
particular section of the mine in which they were

at work at the time of an exploslon or fire,

Life-sustaining capacity of barricaded chambers, 99

A barricaded area forms a refuge chamber for the men within,
and the cubic content of the enclosed space determines the
number of men and length of time they can safely remain there,
In breathing, the men consume bxygen from the air and give off
an almost equal amount of carbon dioxide. When the proportion

of carbon dioxide in the alr of the encloged space reaches

g after Exploslons,'" Bulletin
intendent of Documents, 1931,

| 33 "Erection of Barricade
No, 35, Washington, D, C., Super
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eight per cent, the men will breathe heavily and be at the

point of complete exhaustion, Actually, men have lived for

considerable periods in an atmosphere in which a carbide light
would not burn, indicating that the air they breathed had less
than twelve per cent of oxXypens A man at rest consumes less
oxyzen and gives off less carbon dioxide than if he were at
work, In a confined space, however, the air will finally be-
come unfit to sustain life., Experiments have shown that a
man in a confined space required épproximately one cubilc yafd
of alr per hour, At the end of an hour this cubic yard of
air will contain about fourteeﬁ per cent of oxygen and five
per cent of carbon dioxide; an oil lamp will not burn, and an
acetylene lamp will be almost extinguished, On the basis of
one cublc yard of ailr per hour, an enclosed space which is ten
feet wilde, ten feet high, and ten feet long and contains one
thoﬁsaﬂd cublc feet or thirty-seven cublc yards of sgpace will
support one man for thirty-seven hours beforé he beginsg to
suffer through lack of breathable air. This minlmum allow-
ance of one cubic yard per hour per man, however, does not
provide for loss of oxygen through absorption by the coal or
timber in the enclosed space or for the Impairment of the alr
by methane or carbon dioxide from the coal or rock. In some
bituminous coal mines the oxygen behind seals is absorbed so

rapidly that in one or two weeks there will not be sufficient

oxygen left to support 1life.
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In a metal mine a barricaded drift 250 feot long, 6
feet high, and 6 feet wide, containing 9,000 cuble feet of
air, kept twenty-nine men alive for thirty—slx hours. In the
same mine another drift 130 feet lonp, 7 feot high, and 7 feet
wide, containing 6,500 cubic fcet, supported six out of eight

men for fifty hours; the other two were found dead. The six

who were alive were all unconscious but were later revived,
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QUESTIONS FOR CHAPTER IX

What 1s the definitlon of a mine exploslon? Gas explo=-
sion? Coal dust explosion?

Discuss the progress of flame through a gas~-air mixture
that 1s explosive,

In what way are gas and coal dust explosions similar?
How can blown-out shots, falls of roof, car wrecks, etc,
contribute to coal dust explosions?

How do the pressure waves caused by a blown-out shot
differ from the pressure waves resulting from an explosion
of coal dust?

finat is meant by the flame velocity of an exploslon and
what velocitles have been recorded?

What temperatures are probably reached during coal dust

“explosions?

Discuss the shape of a coal dust explosion flame when the
flame velocities are both low and high.

Discuss the formation of gases during a coal dust explosion,
Discuss the formation of coke during a coal dust explosion.
Where is such coke usually found with respect to the
direction of fleme travel?

Can the origin of an explosion always be determined by

the location of objects found in the mine after the

explosion?
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What is meant by “retonation waves?
Discuss the influence of temperature and pressure on the
explosibility of combustibls mine geses,

What effect does moisture have on the explosibility of
gases?

What 1s meant by “character of initial ignition impulse”
and how does 1t affect exploslbility of accumulations

of explosive mine gases?

What effect does size of coal dust have on its explosi-'
bility?

Is the statement that "coal dust increases in explosi-
bility with an Increase in fineness” true?

What effect do the constituents have on the explosi-
bility of coal dust?

What effect does the presence of explosive gas have on

‘the explosibility of coal dust?

Is the statement that "anthracite coal dusts are not
explosive" true? Discuss,

What 1s the minimum amount of coal dust necessary to
propagete an explosion? What conditions affect this
minimum quantity?

Is the statement that “the violence of an explosion
increases as the amount of dust available increases"

true? Discuss,

Where is the most explosive dust found along a haulage-
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way? lhere is the least explosive dust found? What
causes this to be true?

Discuss the sources of ignition that will start a coal
dust expleosion elther with or without aid,

At what points in the mine is coal dust made? What
remedies would you suggest to eliminate or retard the
production of dust at these points?

What 1s meant by "effectively wetting coal dust"? Can
this be done by humidifying the air current?

How effective have chemical salt applications bsen in
regard to molistening coal dust?

What measures must be taken if coal dust is to be effec-
tively wetted? In your opinion how much security would

a mine in which the coal dust is dampened have against

a coal dust explosion?

Would a thorough "house-cleaning” of the mine passage-
ways absolutely prevent a coal dust explosion through
complete removal of the dust? Explain,

Compare rock dusting a mine with watering as to safety
from explosions.

Statements are frequently made that ‘“the explosibility
of a coal dust increases with its volatile matter

content”, Is this always true?
Is as much rock dust required with coarse coal dust to

n as with the fine rib

prevent ignition or propagatio
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or timber dust? Discuss,

Is as much rock‘dust requlred to prevent ignition as to
prevent propagation? |

What general methods can be applied to a mine t0 prevent
or limit coal dust or gas explcgions?

Describe the preparatlons and organization necessary on
the outside of a mlne to asslst vrecovery operations
where an explosion has occurred,

Descrlibe the organization necessary to carry on the
resé¢ue and recovery work inside a mine where there has
been an explosion,

Discuss the materials which a miner should collect if
Qompelled to construct a barricade,

What are the most important points to consider in
erecting barricades after an explosion?

Disbuss the proper conduct of barrilicaded men to conserve

the ailr supply.




CHAPTER X

MITE EXPLOSIVES

Lesson Subject:

Deflagrating and deteonating explosives, safety fuse,

electric detonators ang delay detonators.
Lesson Objective:

The determination of the composition and properties
of the different explosives, fuses, and detonators. The

develoyment of the best safety metheds in storing and

hendling explosives.
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CHAPPER X
MINkE BXPLOSIVES

Types of explosives. Explosives are divided into two

general classes, low explosives or those discharged by fire
and high explosives or those that require a detonator. 'The
explosives that are discharged by burning are called deflag-
rating explosives, and those that are discharged by shock
are called detonating explcsives.‘

In deflagrating explosives the force of the explosion
depends upon the combustion of the powder and 1s a compara-
tively slow action due to the process of ignition of each
particle through contact with another particle that is
burning.

In detonating explosives the entire body of the
explosive is ignited at one time by means of shock supplled
by the detonating agent and the entire charge explodes at
once resulting in a much faster action,

In both types the force comes from the expansicn of
the gases resulting from the combustion of the chemlcals 1n
the explosive with oXygen, and as explosives are always con-

fined in use, it is necessary for all explosives to carry

a source of oxygen in thelr own composition.

The chief low explosives used are gunpowder and blseck




blasting powder and the chief detonating explosives are

nitroglycerin, dynamite and the permissible explosives.

Composition of black powder.9* Black powder is the

chief deflagrating explosive used in mines and is made of
seventy-three parts of nitrate of soda (NalNO3); sixteen
parts of charcoal, and eleven parté of sulphur. Its force
depends upon the rapid combination of the oxygen of the
saltpeter with the carbon of the charcoal, the sulphur being
added merely to make the mixture more easily lit. Its rate
of explosion also depends upon the grain size--the powders
being graded from CCC, which grains are about 36/64 of an
inch 'to FFFF, which grains are about 3/64 of an inch in
diameter. DPellet powder is grain powder pressed together in
sticks weighing about one-half pound per stick. Black powder
still remains the best agent for making lump coal. Its use
has been largely discontinued, however, owing to the liability
of fires from its use, dangers of igniting a dust explosion
with its flame, and also the productipn of obnoxious gases
chiefly, carbon monoxide and hydrogen sulphide, in its

combustion.

High explosives. High explosives include nitroglycerin,

; 34 Blasters Hand Book, Wilmington, Delaware, DePont

De Nemours and Company
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all of the dynamites, and the permissible explosives. ‘hese

ere all detonating explosives. fPhat is, they are fired by

shock from a detonator ang the transfusion From solid to gas

is much more rapid than that of a deflagrating explosive,

Comp931tion of hilzh explesives,9° Nitroglycerin is

prépared by mixing glycerin with Sulphuric end nitric acids
forming a dense oily liquid, which is very polsonous both
in ligquid form and through the inhalation of its fumes. It
1s very unstable and will explode if its temperéture is
reised to 360° F,

Straight dynamltes are those that contain no other
high explosive than nitroglycerin, wood pulp or flour, and
sodium nitrate; the wood pulp acting as an absorbent for the
nitroglycerin and the sodium nitrate furnishing the oxygen -
for .the explosive,

Straight dynamites are classiflied from fifteen per
cent to sixty per’cent strength, the classification depending
on the per cent of nitroglycerin present, as nitroglycerin
will freeze at 52° F, The freezing points of thesé dynamites

are considerably above 32°, usually about 42°, Great care

should be used in handling frozen dynamlte as freezing tends

35 Blasters Hand Book, Welmlngton, Delaware, DePont
De Nemours and Company.
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to separate the nitroglycerin., In thawing some specisl deviee

should be used and holes should never be tamped with frozen

explosive, Storage houses should be kept as near 75° F, as

possible at all times and dynamite when stored should be kept
on its side and not on end, as storing on end will cause a
concentration of the nitroglycerin in one end of the stick,

To overcome this a slow or low freezing dynamite is made in

which calciﬁm carbonate and the other nitrous compounds are
added to lower the freezing point;

The geletin dynamites are used for wet blastling and
are made by adding scme nitro-cellulecse to the nitroglycerin,
This.forms a jelly-like mass that is water proof and combined
with a base of wood fiber or flour makes an explosive largely
used in wet work. It 1s also a property of gelatin dynamite
that if shot with a No., & cap it wlll give a harder explosive

force than with a No, 6 cap.

Permissible explosives.36 The United States Bureau

of Mines defines a permissible powder as one that will pass
the following tests. In determining these tests an amount

of powder is used that 1s equal to one-half pound of forty

per cent straight dynamite,

%6 TRecommendetions of the United States Bureau of

Mines on Certain Questions of Safety," Washington, D. C.,
1936, .
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Test 1.

en shots e i ; i
éach with g charge described, in
its original wrapper, shall be fired, each temped with one

pound of clay stemming, at a gallery temperature of 770
A ]

i 5y o8 o 1 o . . .
Into a mixture of gas and aiy containing eight per cent of

gas (methane and ethane). an ¢xplosive is considered to have
passed the test if 1o one of the ten shots ignites this
mixture,

Test 2. Ten shots each with the charge described, in
its original wrapper, shall be fired, each tamped with one
pound of clay stemming, at a gallery temperature of 770 .,
into forty pounds of bituminous coal dust, twenty pounds of
which is to be distributed uniformly on 2 wooden bench rlaced
in frbnt of the cannon and twenty pounds placed on side
shelves in sections 4, 5, and 6, An explosive is considered
to have passed the test if no one of the ten shots ignites ‘
this mixture,

Test 3. Five shots each with one and one-half pound
charge, in its original wrapper, shall be fired without
stemming, at a gallery temperature of 779 F,, into a mixture
of gas and air containing four per cent of gas (methane and
ethane) and twenty pounds of bituminous coal dust, eighteen
pounds of which is to be placed on shelves along the sides

of the first twenty feet of the gallery and two pounds to be

‘. ;.80 placed that it will be stirred up by an ailr current In
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such manner that all op part of it will pe susprended in the

first division of the gellery. An explosive is considered

to have passed the test if no one of the five. shotsg ignites

this mixture,

Also to be permissible the powder undergoing the test
must not liberate more than five and one-half cubic feet of
poisonous gas to one and one-half pounds of powder, These
permissible explosives are low grade dynamites whose ingre-
dients have been selected to give.a short relative cool flame
and a reduced shattering effect, 'his is secured by & com~
bination of nitroglycerin, ammonium nltrate, sodium nitrate,
calcium carbonate, and a combustible base such as wood fibver,
Water, being a product of the ignition of the combustion of
these materials, cools and shortens the length of the flame.

In use these powders are no longer considered permiés-

ible when over one and one-half pounds is used in a charge;

if the hole is not properly stermed with incombustible material,

or If the powder is used for solid shooting.

Permissible powders are supposed to have a safety factor
of forty-five over black powder and seventeen over dynamite.
In speeds the dynamite range from 6,500 feet per second, for

twenty per cent permissibles to 18,000 for sixty straight

dynamite,
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Methods of firing EEEESEEEFE}57 The common methods
of firing explosives now in use are by means of fire, fuse,
and detonators, electric detonators, and delay detonators.
Squibs and electric squibs were formerly used, but today their
use has largely been abandoned. Fuse, sometimes called safety
fuse, consists essentially of a coil of fine grained powder
wrapped about by threads of hemp, jute or cotton. These
threads are wound in two sets, the innermost being called the
spinning threads and the outer is the counter threzds. In
tape fuse the threads are wound with tape and then covered
with powdered talc to prevent sticking. Fuses produce a
large amount of CO when burning, znd if an entire roll of
fuse should catch on fire, its products would be extremely
poisonous. Fuse will commonly burn two feet a minute, but
the manufacturers make no guarantee to that effect.

| baps, or detonators as they are commonly called, con-

sict of copper capsules charged with fulminate of mercury for
about one-third of the length of the cap. Caps are commonly
made in No. 6 and No. 8--size No. 8 being the stronger.
Blasting caps are'very sensitive to moisture and should always
be kept in an air-tight box in a cool dry place. Electric

blasting caps are designed to be fired by means of & dry cell

' i i f Explosives,"
37 "Safety in the Handling and Usero
New York, N. Y.,ylnstitute of Makers of Explosives, 19395.
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or magneto. They consict essentially of a filamenf immersed
in tetryl in the cap and covered with a coating of asphalt
and sulphur. When an electric currcnt is bassed through the
filament by means of the wire attached to each end, it be-
comes hot and ignites the fulminate of mercury. These caps
come equipped with lead wires of copper or iron, ranging from
four feet to twenty feet according to the needs of the pur-
chaser. Under eleven feet, the wires are insulated with
cotton; above eleven with enamel.

Delay detonators come in two types, delay caps and

delay igniters. Delay blasting caps are manufactured in ten
diffgrent delay times and are so constructed that there is
a short lapse of time after the current is applied before the
first delay explodes, with a longer interval before the second
delay explodes and so on before each delay explodes.

In delay electric igniters there is a short length of
fuse below the electric wiring to which an ordinary detonating
cap must be attached before using. In use electric igniters
should not be intermixed with electric delays; also products
of different companics should not be intermixed as their delay
speeds are not the same for the same number of delays.

In connecting shots two types of wiring may ke used,

series or series parallel. Series parallel is recommended

where over four or five shots are to be fired.
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In making and charging all types of explosives the

directions provided by the manufecturer on each bhex of explo-

sives should be carefully followed and powder and caps should
be transported snd stored underground in accordance with the

following statutes of the state law, <F
"Lvery owner or operator who is engaged in any
such industry where powder is stored in carioad
lots for fubure use, shall maintain a suitable
powder-house not less than 500 feet from the
routh of the worlings: Provided, that not more
than 200 pounds cf powder may be stored not less
than 2850 feet from the mouth of the workings for
Immediate use when blasting is being done,

It shall be uvnlawful to have any keg of powder
or part therecf, or other explcsive in the mine
xcept in a tight wooden bhox, the type and kind
to be approved by the department of inspection

' of mines and minling, secured by a suitable lock,
and such box shall not be placed at a less dis-
tance than seventy-five (75) feet from the working
face; or to have any detonator or dynamite caps
within five feet of any powder, at any one time.
Said detonators cr dynamite caps shall be placed
in a secure container, and shall not be placed
neagrer than [lve feet from any powder, dynamite
or other explosive,

Whenever any person is about to cpen a keg or box
containing powder, or other explosives, ne shgll
place and keep his light at least {live feet dis-
tant from said explosive, eand 1n such p031t1?n
that the alr current cannot carry sparks E? it
and no person shall approach nesrer than five
feet to any open box or keg contalning powder

or other explosive with a light or pipe or any

. . " PR |
thing containing fire."

.

58'Miniqg Laws of Indiana, Indlanapolis, Indiana,

Section 6, paragraph 87.
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Detonating caps shouid always be placed at the ouber
end of the charge for maxirum ¢xplosive power, Wooden tamping
sticks snould be used and a1l boles tamped with incombustible

material, If a shot misses when Fige 1s used, it should not

[

be returned to under twenby-rfour Lours; if electric blasting
1s used, fifteen minuSes is considersd o saf's time to go
back on the charge. whis time, however, does not apply to
delay caps, which should be siven ample time before returning

to the shot. Where shots sre missed another hole should be

drilled nob closer than two feek from the missed hols and

the missed shot blasitsd out and the charge recovered,
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12,

13,

14,

15,

16,
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QUESUIONS TOR CHAPIWR X

Wwhat is black blasting powder?

How is black powder Fired?

What are the dangerons sases formed by black powder?
What precautions should be taken in preparing black
powder In an open light mine?

What are the danzers of ugins black powder?y

What is pellet powder?

What is a dynamihe?

What are the three urincipal classes of dynamite?

Is straight dynamits pormisaible?

What gases are given off in a dynamite explosion?

What are the principal objectlons to the use of dynamits
in a coal mine?

What are the dangerous gases produced in shoobting dyna-

What are permissible explosives?

What ftests do they have to pass EQ be deslgnated as
permissible? |

What is the maximum volume of polsonous gases allowable
for one and one-half pounds charge of permissible explo-
sives?

Besides the characteristics of their ingredients, what

other conditions determine the permissibility of an




i
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17.

18,

19,

20.

21.

26.
27

28,

29.

30,

31.

32,

explosive®

What 1s the maximun aount of permissible rowder allowed
In any one hole?

Are permissibles more sensivive to woisture than other
dynamites?

Why 1is the use of coal dust for tamping not desirable?
What kind of a tamping tool should be used?

What may be the denger of an undercharged hole?

What 1s msank by cushion shoobing?

What is the danger of wmd capping?

What creates the fire whe: any explosion 1s fired?

How many premcture shots be caused when electric detona-
fors are used?

How may premesture shots be caused whers fuse 1s used?
How long should 2 nerson remain away Irom the face when
a misfire occurs with a shot fired wlth fuse?

Whet are the laws of the state of Indiana regarding the
storage of powder?

What are the laws of Indisna regulating shot firing?
How should explosives be transported in a mine?

What precautions should be used in firing shots electri-
cally?

Where should the detonator be placed when a hole is

charged?




CHAPTER XI

STATE LAWS

Lesson Subject:

The study of the state laws of Indiana as they apply

to the production of biltuminous coal,
Toplcs to be Studied:
Laws covering safety and sanitation in Indiana mines,

Legson Objective:

' To become familiar with laws on the statute books

of Indlana that are designated to insure safe working

conditions for Indiana miners.




CHAPTER XI

STATH MINING Lawsg

i Fal - [T s E ol -~ - b
The following questions and answers are designed to

. E Fhe et s - SIS ;
bring out the main featurss of the mining laws, but thelr
study should be accompanied by a study of the entire text of

the laws. In the applicatilon of the lows the mine superin-

-)

tendent is usually considersd the acting agent of the owner

—

or operator,”

O

Q. VWhat are the Jduties of the mine operator 1ln regzard
to making mine maps?

A, "The operator of each mine shall make o cause
' to be made an accurate map or plan of the worl-
ings of such mines on a scale of not less than
two hundred feet to one inch, showing the area
mined or excavated, the arrangement of haulage
roads, air courses, breakthroughs, brattice, air
bridges, or overcasts, and doors used in direc-
ting the alr currents in such mine, the location
and connection with such excavation of the mine
of the lines of all adjoining lands with the names
of the owners of such lands so far as known,
marked on the map. Such map shall show a complete
working of the mine, and, when complated, shall
be certified to by the operator, agent, or engineer
making the survey or map to be a true and correct
working map of sald mine."

B. "The operator or agent shall deposit with the
chief inspector of mines a true copy of such map
within thirty days after the compl?tion of the
survey of the same, the date of which shall be
shown on each copy, the original map and survey

39 Mining Laws of Indlana, Indlanapolls, Indiana,

Bureau of Mines and Mining, 1941,
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to be kept at the office of such mine open for
inspection of all interested persons at all
reasonable tlmes, Such map and copy thereof,
shall be extended each year betwesn the first

day of May and the first day of September, and
shall be filed as required in making the original
survey showing the exact workings of the mine at
the date of the last survey." (Page 5, paragraph
7, Sec., 2., State Mining Laws)

Qe what pillars must be lett by the mine operator at

Qe

the mine boundaries?

A, "It shall be obligatory upon the operstors of
adjoining coal properties to leave, or cause to
be left a pillar of coal, tifteen feet in width
on each side of the property line in each seam
or vein of coal worked by them.” (FPage 3, para-
graph G)

wWhat is the duty of the mine operator when any
part of the mine is abandoned?

A, "Before a mine or any part of a mine is aban-
doned, the owner or agent shall make a survey
showing the farthest extremity of the workings

ol such mines, and a map thereof made and filed
within thirty days thereatter at the offlcewof
the county recorder in the county where such mine
is located; said map shall have attached'thereto
the affidavit of the mining engineer making the
map, and of the mine boss in charge of the under-
ground workings of said mine, ?uch map shall be
properly labeled and filled by the recorder and
preserved as a part of the records of the land

on which said mine 1s located, and thg recorder
shall recelve for said filing from sald owner ?r
agent a fee of fifty cents." (Page 10, paragraph
10, Sec. 10)

What are the precautions that must be used by the

mine operator in approaching abandoned workings and

in working two or more veins by the same mine?
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A, "The entrance of an
securely fenced off by
which sald entrance is
can raise therefrom,"

abandoned mine shall be
the owner of said land on
located, so that no Injury

“When approaching abandoned workings which are
supposed to contain dangerous accumulation of
water or gases, the excavation approaching such
places shall not exceed eight feet in width, and
there shall be constantly kept, at a sufficient
distance (not less than three yards in advance)
one bore hole near the center of the workings and
sufficient flank bore holes on each slde." (Page
11, paragraph B & C of Sec, 4) :

Q. What restrictions are placed on working men in

mines that have only one shaft?

A, "It shall be unlawful for any operator to allow
more than ten (10} persons to work in any mine at
any one time after five thousand (5,000) square
yards have been excavated, untlil a second outlst
shall have been made.” (Page 11, Sec. 5)

Qs What are the provisions of the state laws in regard

to escape shafts?

A, "Provided, That all air and escape shafts sunk
hereafter shall be separated from the hoilsting
shaft by at least two hundred (200) feet of
natural strata, and shall be provide@ wlth stair-
ways not less than two (2) feet in width, at an
angle of not more than fifty (50) degrees, with
landings at easy and convenient distance, and
with guard rails attached to each set of stailrs
from the top to the bottom of the same, and shall
be available at all times to all employees en-
gaged in such mines; also, Provi@ed, That the
stairways, landings and guard rails shall be of
suitable design and strength to accomplish the
purpose for which they are intended, and shall be
kept free from obstructions. And that wheun the
escape and air shafts are comblned, the escape
and air shafts shall be separated by a go?d,.gug-
stantial partition from top to bottom: Plgv1t§ ,
further, Where the approach or approaches to e
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€scape shaft Crosses an aip course, entry or ot}
bassageway used as an air coursge éithe;&a; e
intake or return, the air current shall be cgg-
ducted by an overcast or undercast ovér or under
the point where guch approaches créss the éir‘
cpurse, and that alx approacheg to escaps sharftsg
sgall be kept frec from falling slate minerﬁrackﬂ
mine cars and other debris, and shall,be used onlg’
85 2 means of ingress cp egress to or from the
escape sharft,”

B. "All water coming from the surface or out of
any strata in such shaft shall be conducted b
rings or otherwise to brevent it from falling down
the shaft and wetting persons who are descending
or ascending the shaft,” :

C "In lieu of the stalrway hereinabove provided
for, the operator may provide at such outlet or
€acape shaft a hoisting apparatus, which shall be
at all times available to all persons in the mine,
the same signals to be used as provided by law
for use at holsting sharfts,"

D. "The traveling roads or gangways to said outlet
shall be separated from the hoilsting shaft by at
least two hundred (200) feet of natural strata,
and not less than four (4) feet in heizht and four
(4) feeot wide, and shall be kept free from water
as the average haulage roads in such mineg."

E. "At all points where the passageway Lo the
escapement shaft or other place of exit, is inter-
sected by other roadways or entries, conspicuous
boards shall be placed indlcating the direction

it is necessary to take in order to reach such

place of exit,"

Fo "It shall be unlawful to erect any inflammable
structure or building or powder magazine on the
surface so near the escapeway as to jeopardize
the safety of the workmen in case of fire,*

G. "Fans shall be located and maintained gt such
place as not to be directly over the opening of
an air shaft or escapement shaft, and all fans
hereafter installed shall be arranged as tp enable
the operator, when desirable, to reverse the air
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current . Provided, further, That esca

already constructed under tﬁe provisio§§ g?aﬁﬁ:
law prior to the year 1913 shall not he affected
by this act, except, they shall be maintained
according to the Provisions herein =

H. "aAl1 €scape shafts ang underground approachesg
thereto shall pe examined at Jeagt once each weelk
Oor oftener ir necessary, to keep same in safe
condition, A telephone shall be Installed at the
top and botton of each mine and at the main rart-
ings therein, fthat hereafter when any oil or gas
well is drilled through any coail seam In this
state and shall have been abandoned, any psrson,
firm or corporation drilling the same, shall pro-.
perly plug such drill hole above and below each
coal seam and file a map showing the exact loca-
tion of such driii holes with the ecorder of the
county where such land is located,” (As amended
by Acts 1925, page 412) (Page 11, iz, 13, 14)

Qe What are the requirements of the state laws in

regard to hoisting apparatus, cages, and safety
devices on cages?

A. "The rope used for hoisting and lowering in
every mine shall be a wire rope, and it shall be
securely fastened to the shaft of the drum whe re

two separate ropes are used, and at least one

whole lap shall remain on the drum wheg t?e cage

1s at rest on the lowest caging place in the mine,
and 1t shall be examined by some compgtentlperson }
every morning before the men descend into the mine.

g erator of every mine shall provide a
Eéveﬁhsngﬁfourth Inch boiler platg overheaq og all
carriasges or cages used for 19werlng or hOlSth%
persons into and out of the mlnes{ and on top o_
every shaft an approved safety gate; f%so an Zp-
proved safety spring on top of everyiudoge.eveg
proved safety catches shall be attache i Wer#gv
cage used for the purpose of hoisting or lo ing

persons.,"

13, "Brake:; An adequate brake shall be attached

to every drum used for lowering or rﬁising persons
into or out of all shafts or slopes.
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14, "Indicator, . An approved Indicator shall
be attached to every hoisting apparatus in addi-
tlon to any merk on the T'ope, which shall show
to the hoisting éngineer the position of g cage
or load in the shaft or slope,”

G. "The operator of every liine shall keep the top
and the entrance thereof securely fenced off by
vertical or flat gates, covering and protecting
the mouth of such mine, Two lamps shall be kept
lighted at all tiwes when the mine is in operation
except when electric lights are used, one on each
side of the shaft, not more than ten (10) feet
from said shaft in each vein where men get on or
off the cage. There shall be gates hung at each
vein, other than the lower one, so that at all
times, except when coal is actually being taken
off the cage, there shall be a barrier preventlng
anyone falling into the shaft,“ (Page 15, Section
6, paragraph 4 & B and paragraph 16 & 14 on page
16 and 17)

2

Qe What are the provisions of the state laws in regard

to persons riding cages?

A, "All persons are prohibited from riding on the
cages when coal or dirt is belng hoisted.” .

D, "It shall be unlawful for any person desiring
carriage upon any cage to approach nearer than
six (6) feet to any "cage" landing when such cage
is not at rest at such landing; or to crowd onto
Ssaid cage in a rude or boisterous manner; or to
enter upon any such cage when there are already
upon the same, one person for each threc square
feet of the floor space of such cage: nPr?v1ded,
That nothing herein contained ghall affect azy
person in charge of the operation of such cage,
or the machinery moving or afiecting the iame.ma
and, Provided, further,_That, as many per:gngor v,
aftér the pasgsage of this act, entef a C%Oin
carriage as the same willl accommodate, glzceg“
each person three square feet of floor sp .
(raragraph C & D on page 15 & 16)

Qe What is the code of signals in use in Indiana mines?
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A. FE. "There shall te a code of signals at all
mines, with a signal btell at the top end boLttom
of each mine, One bell shall 8ignify to hoist
coal, or empty cage, and also to stop either when
in moticn; two bellsg shall signify thet men are
coming up; when return signal is recelved from
the engineer, men wiij get on the cage and ring
one bell to hoist; four bells shall signify to
hoist slowly, Implying danger. The engineer's
signal for men to get on the cage shall be three
bells, A whistle may be used at the top of the
mine instead of a bell, A copy of the above code
shall be printed and consplcuously posted at the
tor and bottom of the shaft and In the engine
room." (Paragraph B, page 18)

Q. What is the law as to how the holsting engine and

cage must be managed?

A4+ H. "The cperator shall not plece in charge of
any engine used for conveying into o hoisting
out of any mine any but certified and sober en-
gineers,"

L. "The engineer in charge of such engine shall
allow no perscn, except such as may be deputed
for that purpose by the operator or agent, to
Interfere with 1t or any part of the mzchinery,
and no perscn shall interfere, or in any way in-
timidate the engineer in the discharge of his .
duties. He shall not permit anyone to loiter in
the engine room, and he shall hold no conversation
with any officer of the company or o?her person
while the englne is in motion, or wh}le his atten-
tion should be occupled with the business of hoist-
ing, A notice to this effect shall belgzztengn
ne house 1in some conspicuous place,
:ﬁ:linigoroughly inform himself of th? established
code of signals. Signals must be delivered in
the engine room in a clear and unmistakable manner,
and when the signal is received that men are on
the cage, sald cage shall not trav§l to exq?ed
six hundred (600) feet per minute. (Paragraph
H & I, page 17 & 18)

Qs How much alr must be furnished by the operator?
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A. Sec. 10. A, "The operator of every mine shall
provide and maintain, hereafter, for every such
mine, a sufficient amount of ventilation affording
not less than one hundred (100) cubilc feet of air
per minute for each and évery person employed
therein, and three hundred (300) cubic feet per
minute for each mule, horse, or other animel, in
sald mlne, measured at the Intake of the split or
subdivisicn of the alr, and as much more as the
circumstances require." (Fage 21)

Qe What are the provisions of the law as to the use

of booster fansg?

A. C. "l'he ventilaticn required by this act, may
be provided by any suitable appliance or appliances,
but in no case shall a booster fan be installed in
the inside workings of a mine engendering dangerous
explosive gases, without having secured a permit
from the chief inspector of mines in writing, to
install such booster fan: Provided, That this pro-
vision relating to booster fans, shall not be
applicable to mines using booster fans pricr to .

the year 1921," (Page 22, paragraph C)

What are the qualificaticns necessary to secure a
certificate as mine boss or fire boss?

A, "Certificates of competency shall be issued by
the chief inspector of mines to any person who is
at least twenty-one years of age and who shall
prove satisfactory upon such written examinatiop,
as may be prescribed by such chief inspector, that
he is qualified by experience and techn?cal know-
ledge to perform the duties of either mine boss,
fire boss or hoisting sngineer."”

"Every mine boss must be a certifi@d fire boss,

and ezery room boss must be a certified fire boss
and mine boss in the mines that genersete explosive
gas." (Paragraph K, page 66 & parsgraph N, page 67)

Q. What are the duties of the mine boss?

tified, competent
. "The operator shall employ a cer s
gine bosspwho shall be an experienced coal miner,
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and shall keep careful watch over the ventllating
equipnient , and the alrway, and shall seec that aéb
the miners advance thelir excavation all loose
coal, slate, and rock overhead, are’taken down

or carefully secured against falling on the ’
troveling alrways.," -

"The mine boss shall measure the air currents at
least once a week at the inlet and outlet, and at
or near, the face of the entries; he shall keep

& record of such measurements, which shall be
entered In a bool: kept Tor that rurpose; the said
book shall be open for inspecticn of the chief
inspector of wmines., 'rhe mine boss shall also, on
or about the first day of each month, mail to the
chilef Inspector of mines a true copy of such air
measurements, stating also the number of persons
employed in or sbout said ralne, the number of
mules or horses used, and the number of days
worked In each month,"

"Ihe mine boss shall visit and examine every work-
ing plece in the mine at least every alternate
day while the miners of such place are, or should
be, at work, and shall examine and see that eszch
and every working place is properly secured by
timbering, and that the safety of the mine is
assured, He shall see that a sufficient supply
of timbers are always on hand at the miner's
working place, He shall also see that all loose
coal, slate and rock overhead, wherein miners
have to travel to and from their work, are taken
dowvn, or carefully secured,"

“"Whenever, such mine boss shall have an un§afe
place reported to him, he shall order gnd direct
that the same be placed In.a safe conditlion; and
until such 1s done, no person shall enter such
unsafe place, except for the purpose of making 1%
safe., Whenever any person working in said mine
shall learn of such unsafe place he shall_at once
notify the mine boss thereof, and 1t shall be ?he
duty of sald mine boss to give him, properly fllied
out, an acknowledgement of such notice of the fol-
lowing form: I hereby acknowledge recgipt of such
NOL1CC . eesesasseess Of the unsafe condition of the

08 89 FOLlOWS e e eeeesonsossessssssessacsssosssas
min Dated this .......d<ay Of ..'....19..

@ % & 5 00 0 9 8608 06000080000

Mine Boss."

* 0 00 8 04 000 s
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"lhe PoOssession by the bPerson of suc
acknowledgement shall bpe bProof of the recelpt of
such notice by ssid mine boss whenever such*ques-
tion shall arise; anqg upon recelipt of suel, nctice
sald mine boge shall at once inspect such place
and proceed to Pus the same 1in z00d and safe con-
dition, Asg SC0Nn as such unsafe Place has been
epaired to the approval of gaiqg mine boss, he
shall then glve permiggion for the men to return
to work therein, but no beérson shall return to
work therein until such repairs have been made
and permission glven,"

h written

"Whenever any accident whatsoever has occurred in
any mine which shall delay the ordinary and usual
worltings of such mine for twenty-rfour consecutive
hours, or has resulted 'in such injury to any per-
Son as to cause death, or require the attendance
of a physicilan or surgeon, 1t shall be the duty
of' the person in charge of such mine, to notify
the chief inspector of mines of such accldent,
wltheout delay," (Paragraph & & I', page 23 and
paragraph A, B & C, page 59-40)

Q. What are the duties of the firec boss?

A, "Every mine where firedamp is known to exist,
shall be carefully examined with a safety lamp
by a certified, competent fire boss, immediate%y
before each shift, and in making said éxamination,
it shall be the duty of the fire boss at each
examination, to leave at the face of every place
examined, evidence of his pPresence; and i? shall
be unlawful for any person to enter any mine or
part of the mine generating firedamp, gntul it
has been entered and examined by the fire boss
and reported by him to be sgf@. The firs bos§
shall, further, report any injury or defects 12
the brattice, trap doors, regulating doors, an
overcasts, where such ingury or defect @aytgagse
a derangement or diminution of the ventllg 1n%
alr current., The fire boss shall-make ng}g.o ’
and report any dangerous or un%awful condi 1§ngre
in the working places of the m1ne,.and reporﬂ_ le
same in a suitable manner to the mlnewaSS, whos
duty 1t shall be to see that such dangergus 2§e
unlawful conditions are corrgctfd and @grf i L
before men shall enter therein, (Paragrap ,

page 21)
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Q. what are the Provisicns of the centinuous inspec-

tion law?

’ | A, TThat in all coel mines in this state where

i noxious or’dangerous £858€s are known to be gener-

| ated or exist therein, 0 coal dust exists in

i _dangerous.quancities, the owner, operator op lessee

f o? such mine shall employ at least one licensed

i fire boss, and as rany more as needed and required,

to make hourly and continuous inspections, and

tests for noxious op dangercus gases op other

polsons, at the Place(s) where dangerous or noxious

gases exist(s) in said mine, each day such mine is

in operation; Provided, That employees and day men

who are qualified fire bosses and are employed

underground may be directed to make the inspections

required under this act. Such inspections shall

be made in addition to the inspections now required

» by law, of the condition of the air and dust in

o such mine and in the working places of all the men

empleyed in such mine, together with the inspection

; of the various entries and other places therein.

‘ In case such fire boss shall find any dangerous

) gases or coal dust to exist in such mine or any
other dangerous poison or condition to exist, he
shall immediately order all of the men out of said
mine, or section of the mine where such dangerous
condition exists, until such noxious or dangerous
gases or coal dust shall have begn removed, reme-
died or expelled from ssid mine.*®

"For the purpose of assisting in the mgking of such
inspections and tests, when the operation in any
mine approaches any abandoned worglngs-of the mine,
or any abandoned mine, where, or in Wthh, Ehere
may be dangerous accumulatleons of water or gas,
i and when such operations have ap?roached within
& fifty(50) feet of abandoned workings in tée nge,
E or some cother mine, the owner, operator or lecsee .
; of such operated mine shall cause to be kept one

i drill hole not less than fifteen (15) feet in

Eii advance of the operation near the centeroof tEeCh
| 1 workings and sufficient flank drill h?le: opd,?
side of each operated place farthegt dquHg? o)
1 the abandoned works or abandoned mlng,dfo.gigzs

4 advanced knowledge of the pres?nce Ok agfﬁd;ned
= | accumulations of water or gas in sucj an
workings or abandoned mine or mines.,

¥

|
i
|
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"Where there are falls of the roof near the places
of abandoned workings or in the vicinity of aban-
doned mines or where what is known as a “squeegze”
exlsts in any section or the mine, the Inspections
shall be continuous and' at such frequent intervals,
thet such inspectors may obtain advance knowledge
of the presence, existence ¢of approach of dangerous
28388 or other dancerous conditions, in ample time
to furnish warnings to all men working in the mine,
when any conditions are found to exlst, he shall
immedictely cause all men in zuch dangerous section
oI sections to be withdrawn from the mine until
such dangerous conditions are removed or remedied,®
(Section S2. page 32)

Qe What are the provisions of the law a2s to distance

that brealkthrouchs sholl be made?
A. "BEreakthrou hs or airways shall be made in
sach room end eubry at least every forty-five (45)
feet, All “breakthroughs"” or alrways, between
entries, except those last made nesr the working
face of the entry, shall be closed up and made
air tight." (Page 24, paragraph I)

@. What are the provisions of the Indiana law regarding
the use of trolley wire and trolley motors?

A, "In all coal mines of the State of Indlana, all
trolley wires crossing places on maig haulage roads
where persons or sanimals are required to travel,
shall be safely guarded and protecte@ by suPs?an—
tlal, efficlient board, or o?her guards, 3o bhif
such person or animals pass%ng'thereunder sha

not come in contact with sald trolley or other

live wire,"”

wires, w ) long travelways
"Al1l trolley wires, when placed s :
or haulage ioads, éhall be placgd on one side of
said haulage road and trolley wire shgll not be
piaced less than five (&) inches outside of the

rail or track."

3 11 be securely
B derground trolley wilres sha :
sﬁ%éo?ged Spon efficient and approved insulated
hangers, and all trolley wires kept taut at all
b4

times."
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- "There shall be an efficient headlight on all
motors in mines, when in use,"

n 1
On every motor trip of cars on the main haulage

be an efficient bell, red light,
or otper devige approved by the department of in-

said trip, and the motorman in charge of said motor
1s hereby prohibited from making said trips unless
one of said devices is properly placed thereon."
(Page 27, paragraph A, B, C, D & E)

Q. What ‘are the laws in regard to the use and instslla-

tion of electricity underground?

A. "Hereafter where eléctricity is installed no
higher than two hundred geventy-five (275) volts
shall be used underground, except for transmission,
or for application to transformers or other ap-
parata, where the high voltage circult is sta-
tionary, High voltage motor, and transformers,
shall be installed in suitablé chambers built of
fire proof construction, and well ventileated, and
shall not be placed on intake, or between intake
and return air courses., All high voltage lines
and apparata must be clearly marked, to indicate
their danger, Main and distribution switchboards
for high voltage, shall be made of insulating and
incombustible material, such as marble or slate,
and to be free of all metallic veins, or of mate-
rial equivalent thereto. Same shall be installed
in a dry place. All switches or other instruments
used in connection with high voltage shall be in-
stalled on sultable switchboards, with at least
three (3) foot passageway in front and rear pro-
perly floored, and kept locked by a.door.at each
end that can be opened from the inside without a
key. With higher than medium voltage, there shall
not be any live metal work on the front of switch-~-
board, and the entry circult must be protected by
an olil breaker switch on each pole equipped with
automatic overlap trip."

iy et all conductors with high@r than
mégiigssgitzgg, zﬁall be provided with sufficient 4
insulation of standard manufacture.and steel armoged
covering, or its equivalent, covering to be groundf
at least every four hundred (400) feet. Ng groun
ing of phase of alternating current shall be
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permitted, All branch trolley lines shall be
provided with automatic trolley switches, or
sectlonal insulators, or line swltches, or other
devices to cut of'f the current. A1l joints and
conductors snall be mechanically and electrically
efficient, when joints are completed, they shall
be insulated to the same extent as the rest of

the wire, Both rails on main haulage roads shall
be bonded and cross-bonded at points not to exceed
three hundrsd (300) feet apart, All apparata,
such as transformer cases or switch cases, gener-
ators or motor frames and Pipe work on rear of
switchboards, shall ve properly grounded,"

"By low voltage hersin is meant a voltage of less
than one hundred ten (110) volss, By mediwn volt-
age herein is meant, a voltage ranging from one
hundred ten (110) volts to two hundread 3eventy-
five (275) volss. By high voltage hereln is
meant, a voltage above two hundred seventy-five
(275) volts,”

what are the state laws in regard to the use and

care of explosives?

A, "It shall be unlawful to have any keg of powder
or part thersof, or other explozive in the mine
except in a tight wooden box, the type and kind

to be approved by the department of inspection of
mines and minlng, secured by a sultable lock, and
such box shall not be placed at a less dlstance
than seventy-five (75) feet from the worxing face;
or to have any debtonator or dynamite caps within
five (5) feeb of any powder, dynamite or other
explosives, or to have more than ten eronatorf,
or dynamite caps at any one tlme.. Said detonators
or dynamite caps shall be placed in a secure con-
tainer, and shall not be placed near1than five'(5)“
feet from any powder, dynamite or other explosive,

MW er an erson is about to open a keg or
bggegggtainiggppowder, or other explos%veg, he
shall place and keep his light at least five (5)
feet distant from said explosive, and in such ~k
position that the air current cannot carry sparks
to it; and no person shall approach nearer than




183

five (5) feet to any open box or keg containing
powder or other explosives wilth a light or pipe
or anything containing fire.," (Page 30 & 31,
raragraph A & B)

Qe What matsrial must be used for tamping?

Ae. "IU shall be the duty of the operator or owner
of any coal mine whersin firs clay or other non-
inflamwable material suitable for use in Lamping
in preparing shots cannot be readily obtained,

to provide and deposit within said mine, such
material, and at points within five hundred (500)
feet from the face of each entry in such mine,

In case any dispute may arise as to the duty of
any such opberator or owner thereunder, such dis-
pute shall be finally determined by the chier
inspector of mines.,” (Page 35, paragraph G)

o

We What are the provisions of the law in regard to
tamping?

A, "In the process of charging or tamping a hole,
no person shall use any iron or steel needle or
tool, except as herein provided, The needle used
in preparing the blast shall be made of copper,
and the tamping bar shall be tipped with at least
five (5) inches of copper. WNo coal dust or any
material that is inflammable, or that may create
a spark, shall be used for tamping, and some soft
materlal shall be placed next to the cartridge,
or explosive.," (Page 34, paragraph H)

Q. What is the law governing shooting while men are
in the mine?

A, "The superintendent or mine manager shall no@
permit the shot firer or firers.tg do any blasting, ,
exploding of shots, or do any riring wha?ever,
until each and every miner and employee is out of
the mine except the shot firer or firers, ming
superintendent, mine manager and men necessarily
‘engaged in charge of the pumps and'stablfég Pfo-l
vided, however, That nothing in this section shal

be construed to prohiblt the employment in such
mine of a reasonable necessary number of men,
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durigg sugh time, for the purpose of securing the
workings in case of fire Therein," (Page 36
paragraph D) ’

state law covering

traveling ways?

A. There shall be cut at the bottom of the shaft,
& traveling way, sufficlently hich and wide to
enable persons to pass the same in going from

one side to the other, without bassing over or
under the cage,"

"On all single track hauling roads, wherever hauling
1s done by power, and on all gravity or incline
planes in mines, upon which the bersons employed
in the mines must btravel on foot to and from their
work, places of refuge must be provided in “he
side wall, not less than three (3) feet 3n depth,
measuring from side of car, and four (4) feet wide
and not more than twenty (20) yards apart, unlsss
there 1s a clear space at least three (3) feet
between the szide of the car and the side of the
wall, which space shall be dcemed sufflcilent for
the safe passing of men."

"On all hauling roads in which the hauling is done
by draft animals, whereon men have to pass to and
from their work on foot, placeg of refuge must be
cut in the side wall at least two and one-half

2%) feet deep, measuring from the side of the car,
and not more than twenty (20) yards apart, but
such places shall not be required in entries from
which rooms are driven at regular intervals not
exceeding twenty (20) yards, and whenever there
is a clear space of two and one-half (2%) feet
between the car and the rib, such places shall be
deemed sufficient for the safe passage of men,"

R 3
i laces of refuge shall be whitewashed an

ké%% glear of obstructions, and no material shall.
be stored therein, excepting in cages‘of emergency,
nor be allowed to accumulate therein," (Page 40,

Sec. A, B, C & D)

Q. What first aid supplies must be furnished by the

operator?
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A. "hAt every mine where ten or nore men are em-
ployed inside, it shall be the duty of the opera-
tor thereof, to keep always on hand, readlily ac-
cessible and near the wouth of the mine, a pro-
perly constructed and comfortable stretcher, a
woolen and waterproof blanket, a roll of bandages
in zood condition for lmmediate use for bandaging
wounds of anyone injured in such mine; a supply
of linseed oil, lime, camplox, turpentine, anti-
septle gauze, dressing and surgeon's splints for
the dressing of broken bones; also to provide
conmflortable apartment near the mouth of the mine,
in which anyone so injured may rest wnile awaiting
transportation to his home, and to provide for
the speedy transportation of anyone injured in
such mine to his home," (Pace 4%, paragraph J)

Qs What 1s the low in regard to the use of life checks?

A. "Bvery person, firm, corporation, partnership
or association operating a coal mine in the Stake
of Indiana shall at all times provide a boolk,
checlk, token or other method of registration for
all persons entering or leaving such mine." (Part
of paragraph L, page 45 & 46)

Q. What are the gualifications of a state mine in-
spector?

A. "A pgovernor shall appolnt a chief mine inspector
for a term of four years. The chief mine inspector,
with the approval of the governor, shall appoint
five assistant mine inspectors for a term of’four
years. No person shall be appointed chief mine
inspector, or assistant mine inspeoth, whg has not
had ten years' experience as a_prac?lca% miner,

The governor may remove the chief mine 1nspector,b
and the chief mine inspector may remove any assist-
ant mine inspector at any tlme, for cause., The .
chief mine inspector, with the approval of the
governor, may employ and fix the salary and com-
pensation of such clerks, stenographers and aisist—
ants, as may be necessary to carry on the work

of the board." (Page 2, Sec. 3) '

Q. What mines in Indlana must be rock dusted?
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A. "Rock dust shall be distributed on all main
haulages, on all entries, to the last breakthroughs,
on said entries, and to the first breakthrough in
all rooms and pillar workings, protected rock dust
barriers shall be erected, and in all open works

to within forty five (45) feet of the working face,
and such protection shall be afforded by rock dust
barriers, as may be Ffound necessary by the state
mine inspector. FRocle dust shall be distributed
upon top, bottom, and sides of all return alrways
where hauling or traveling is done," (Page 76,
paragraph 92)

Q. How shall isolated panels be protected?

A. "In isolated panels in which no exposed elsctric
¢ircuilts, or non-permissible motors are used, and
in which permissible safety lamps and explosives
are used, protection shall be &ilven by rock dusting
the entries and by rocik dust barriers at each en-
trance and exit." (Page 76, paragraph 93)

Q. How may sections in which there is no track or

traveling be protected?

A. "In other places in which no traveling or haul-
ing 1s done, the rock dust may be distributed by
the air current into which it is blown: Provided,
That the amount specified in this act is distri-
buted, or such places may be protected by rock
dust barriers which shall be subject to the ap-
proval of the state mine inspector. Such barriers
shall be erected where they will stop an explosion
elther before leaving or entering each panel or
section of a mine." (Page 77, raragraph 94)

Q. What kind of roclk dust must be used?

A. "The kind of rock dust used shall not contain
more than five per cent of combustible matter,
not more than twenty-five per cent o? quartz or
free silica particles, nor absorb moisture from
the air to such an extent as to cake and destroy
1ts effectiveness as a dry dust? It may be made
from limestone, shale or other.lnerp'materigl
which meets the foregoing specificstions. r1ihed .
lighter colored dust shall be preferred. The dus
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to be used shall be rulverized, so that one

hundred per cent will pass through a sileve having
twenty meshes per linear inch, and filfty per cent
more will pass through a sieve havling two hundred
meshes per linear inch,” (Page 77, paragraph 95)

Q. How much rock dust must be used?y

4. "In all places where rock dust is distributed,

enough shall be used so that the percentage of

incombustible materisl in the sanples of dust

collected shall be maintained at least at fifty-

five per cent, Along room entriss or gangways

where methane gas 1s found in the ventilating

current, the amount of incombustible materials

above specified shall be raised ten per cent

; for each one per cent of gas, Wwhere rock dust

! barriers are Installed, the amount of dust used
shall be at lsast one hundred pounds per square

E foot of average cross section of entry, at the

i : barrier zone." (Page 77, parsgraph 96)

b

z

@. What are the provisions as to sampling and keeping
a2 record of rock dusting?

28 A. "Samples of dust shall be gathsred every month
, from the road, roof, rib and timbers on each split
1 of air, and tested to determine if any part of

3 the mlne requires redusting. “The method of analyz-
| ing or testing recommnended by the United States
Bureau of Mines, and approved by the state depart-
ment of mines and mining, shall be employed. The
dust in all barriers shall be inspected monthly
and shall be kept in such condition that when the
1 barriers come into play the dust will fall loosely
‘ into the air,"

"A written record shall be entered in a bgok kept
for that purpose in the mine office, showing the
location at which samples have been taken, apd
the results of the analysis, A map'of the mine
shall be kept available for inspection,” (Page
78 & 79, paragraph 97 & 98)
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TABULATION BY PERCENTAGES

NAIRES RETURNED BY KINERS

TABLE VI

ANSWERS FROM W0 HUNDRED

BY MINE FORENIN
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1 100 100 22 96 100
2 100 100 25 100 100
3 88 92 24 84 81
4 3 15 25 53 61
5 17 34 26 17 43
6 a7 92 27 100 100
7 98 100 28 23 88
8 13 41 29 49 58
9 77 82 30 88 o7
10 21 55 31 43 67
11 21 55 32 88 85
12 012 96 33 75 83
13 92 01 34 67 87
14 84 100 35 24 82
15 100 100 36 19 34
16 78 63 37 19 33
17 93 100 38 12 2l
18 . 99 98 39 28 42
19 63 88 40 5 14
20 88 88 4], 817 94
21 82 91 42 93 100
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