Bulletin 105
DEPARTMENT OF THE INTERIOR

FRANKLIN K. LANE, SECRETARY

BUREAU OF MINES
VAN. H. MANNING, DIRECTOR

BLACK DAMP IN MINES

BY

G. A. BURRELL, I. W. ROBERTSON

AND

G. G. OBERFELL

WASHINGTON
GOVERNMENT PRINTING OFFICE
1916






CONTENTS.

Introduetion. -« o e e i
Comparison of atmospheric air with mine air............... ... ... e
Composition of the atmosphere....... ... ... ... ... . ... . il
Transfer of oxygen and carbon dioxide in breathing..........................
Effects on man of variations in composition and amount of air................
Effect of carbon dioxide......ooioieiii L
Effect of diminished oxygensupply.... ... .. ... .. i......
Effect of airat high altitudes...... ... . ... . .. ... .. . ...
Effect of breathing a decreasing oxygen supply..........................
Effect of a mine atmosphere low in oxygen....... ... ... ... ... . ...
Effect of atmospheres low in oxygen on canaries and mice...................
General commentson tests... ... ... ... ... L.l
Effects of oxygen deficiency as showing relative value of birds and mice in

Action of oxygenoncoal.... ... ... . ...l
Influence of moisture on rate of absorption of oxygen by coal............. ...
Absorption of oxygen and production of carbon dioxide from atmospheric air

Effect of lowering oxygen and raising carbon dioxide content on explosibility

of methane-air mixtures..... ... .. ... ... .. ...l
Consumption of oxygen and production of carbon dioxide by men and by

Effect on lights of air low in oxygen and high in carbon dioxide...............
Effect of atmospheres low in oxygen on fires in mines.........................
Results of analyses of coal-mine atmospheres............ .. ... ... ... ...
Results of analyses of samplesinseries 1......... ... . ... ... ... ...
Comment on analyses of samplesinseries 1..... ... . .. .. ... ... .. ..
Temperature and humidity....... ...

Results of analyses of samplesin series 20 6......................... ...
Comment on results of sampling and analysis............................
Samples in series 2.. ..o o
Samplesinseries 8...... oo i
Samplesinseries 4...... .. i
Samples in series 5.... ..o
Samples in series 6........oiiiiiiiiii.l e

Effects of temperature and humidity and other factors....................
Effects of leakage of air through doors, brattices, etc......................
Inflammable gasin mines.......oveieinieniieiei

23

25
26
26
28
31
32
33
42
43
43
48
48
48
48
48
49
49
50
50



4 CONTENTS.
|

Occurrence and composition of gas in rock strata of the Cripple Creek gold-
mining district, Colorado. . ... ... ...
Origin of the strata gas. .. ... ... o L il
Effects of barometric pressure on outflow of strata gas.....................
Collection of samples of gas in four metal mines.........................
Observations on gas in Midget mine.........ccociiiiineanananananen
General observations regarding gaseous conditions in Anaconda mine..
Observations on gas in Cresson mine...... ..........................
Tabulated data.... ... ..o i
Special air samples from Mary McKinney mine.........................
Composition of strata gas samples calculated on air-free basis............
Effect on men of partial pressures of oxygen........................
Comparison between the indications afforded by candle and by acetylene
flame and analyses of the samples. .. ... .cocoiiiimii oo,
Combustible gas in the rock-strata gas. .........c.oooeiaiii i
Ventilation conditions of 15 metal mines as indicated by analyses of air sam-
2 1T R
Comments on results-of analysis. .. .....ooooiio L
Observations regarding black damp in certain metal mines...............
1001111071 o
Publications on mine accidents and methods of coal mining..................

Page.

51
51
52
52
52
53
53
54
58
60
61

62
62

63
76
77

82
85



BLACK DAMP IN MINES.

By G. A. BurreLr, I. W. RoBertson, aNp G. G. OBERFELL.

INTRODUCTION.

The Bureau of Mines, in pursuing investigations looking to greater
safety in mining, has analyzed samples of the air in many different
coal mines in the United States, and has studied the analyses. This
report presents the results of one phase of this study and shows how
atmospheric air, after entering a coal mine, loses oxygen and gains
carbon dioxide with resulting formation of so-called black damp.
Also the report discusses the effects of the constituents of black damp
on men, on the burning of oil and acetylene lamps, and on the ex-
plosibility of methane.

The term “black damp”’ was and still is widely used to designate
accumulations of carbon dioxide, but a more exact definition of black
damp, as Haldane, the English physiologist, has pointed out, is an
accumulation of carbon dioxide and nitrogen in proportions larger
than those found in atmospheric air. The reasons for preferring Hal-
dane’s definition are given on succeeding pages.

COMPARISON OF ATMOSPHERIC AIR WITH MINE AIR.

When atmospheric air enters a coal mine, it changes in composition
according to (1) the velocity with which it traverses the workings;
(2) the amount of coal with which it comes in contact—that is, the
extent of the mine workings that it traverses; (3) the gaseous nature
of the seam; (4) the tendency of the coal to absorb oxygen; and (5)
the temperature and wetness of the mine.

As regards the details mentioned, the governing conditions are as fol-
lows: (1) Other things being equal, more carbon dioxide and methane
are present and there is a greater deficiency of oxygen at places where
the air is still, as at working faces and in old workings. (2) The purity
of the air depends on the distance it has traveled, so that in a well-
ventilated mine the air is purer at working faces near the shaft than
at those that are remote. In the same mine the air will be fresher
and purer when the mine is ventilated by a split system than when
the air traverses each working face and entry. (3) Some mines vary
greatly as regards the generation of methane. Methane is not only
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