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" Electrical Equipment for Mines

) Unless electrical equipment is built, maintained, and used in Drorer manner in
" gassy coal mineg, that equipment should bhe regarded as hazardous from the standpoint
" of initiating mine fires and explosiong, As a meang of overcoming this hazard, the
Bureau of Mines has established certain standards, published as "schedules" +g guide
manufacturers who produce mine equipment. Eguipment that passes the tests and in-
"spections prescribed by these standards ig formally approved and becomes lmown as
"permissible” eguipment, that is, permissible for use in gassy coal mines. The
schedules are amended From ti?iuyo time as the need arises for changing safety
standards. Thus, an amendmentho to Schedule 28 established tests to bring about
the development of trailing cables resistant to oropagation of flame, In the past,
overloaded or short-circuited cables of portable mine ecuipment have caught fire and
then set the mine on fire., QCables rassing the nevly established tests will reduce
this fire hazard.

Under the eight schedules now in eifect, a manufacturer can have nearly every
face of active nmine workings investigated for
T "binati During the
Tiscal year 1948, 55 approvals were issued. These ineluded 19 loading machines ang
conveyors, 4 cutting machines, 3 drilling machines, 5 mining machine trucks, 2 air
compressors, 3 battery-cperated shuttle cars, 1 post puller, 1 timbering machine, 1
fan-drive unit, 1 greasing truck, 1 battery-operated utility truck, 2 pumps, 1
storage-hattery locomotive, 5 10-shet blasting unite, 3 Jjunction boxes, 1 distribu-
tion box, 1 flame safety lamp, and 1 flashlight.

In order to keep safety engineers, wmine inspectors, and officials informed as

50 the number and va i?ty of equipment that has be'n approved by the Bureau of Mines,
lassified lists*ls 12/ are published periodically.

lectrical Hazards in Coal Mines

Consumption of slectric power in bituminous-cozl mining has incressed continu-
usly since its introduction Tor haulage purposes about 1887, The use of electric
OWwer has been accompanied by numercus hazards and in many respects safs practices

bave not veen adopted as rapidly as applications of electric power have gpread.

The Burecau has made studies and investigations of practices and squipment comnected
¥ith use of electric pover in coal minec with deep concern for the growing dangers
from elentyic shock, fires and explosions. Safer methods of use and numercus devices
for guarding against thess hazards have been devised. Engineers of the Health and
afety Branch are engaged in explaining these safety measures and urging their

§b} Bureau of Mines, Amendment G0 Scheauls 28, Procedure for Testing Junction Boxes
and Electric Motor-Driven Mine Equipment for Permissibility: Approved QOct.
21, 1847, 4 pp.; duplicated from Federal Register, vol, 12, No. 219, iov. 7,

y 1957, pp. 7285-7287.

~1/ Hooker, A. B., Permissible Equipment Approved to Jan, 1, 1947, with Appended

: List of Available Flame-Lamp Fuels: Burean of Mines Inf. Circ, 7432, 1947,
i pp,
T, A. B,, Permissible Mine FEquipment Approved During the Calendar Year

194T; Supplement to I. C. TH32: Bureau of Mines Inf., Circ. 7465, 1948, 5 op,
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adortion in all coal mines.&é/ Cne of the greatest hazards is the bars trolley wire
now an outstanding source of mine fires and electrocutions. Makeshift installationg

and repairs of machinery and circuits are other serious faults whose danger is Com-
monly overlooked,

Mine-Commumication Apparatus

Emergency mins-communication apparatus having a primary objective of locating
men vtrapped in mines after fires and explosione, was developed further and tested
under varying conditlons in an iron mine and a salt mine as well as in anthracite
and bituminous coal mines.td 2 In one mine, satisfactory two-way radic communica-
tlion over the power distribution system was established through a distance of 2-1/2
miles. BSatisfactery two-way cormunication through the ground was achieved through

distances up to 1,05C fect in ancther mine. This distance probably can be increased
by improvement in the radio eguipment.

Toxic Mine Atmospheres

In comnection with requirements of the Federal Coal Mine Inspection Act, approxi-
mately 15,000 gas and dust samples were analyzed, which regquired more than 100,000
individual determinations. These samples were analyzed to determine the presence of
dangerous or unhygienic conditions, Where undesirahls conditions were found, recam-
mendations were made to eliminate or improve them,

To assist operators in providing betier working conditions, information was
presented on laboratory eguipment for the analysis of mﬁgﬁ atmospheres&é/ and on
deterg;f7tion of carbon monoxide&l/ and sulfur dicxide. Information was pre-
sented?2/ on +the interpretation of analytical results in relation to the maximum
allowable concentration of toxic substances Termitted in the air of working places,

A report was published describing a ming-air-conditioning chart to provide for the
rapid determinaticn of psychometric data and for the repid solution of air-conditioning
problems of major interest to the mining industry. 0

43/ Bureau of Mines, Electrical Accidents ab Bibuminous-Coal Mines, Coal-Mine Acci-
dent Prevention Course - Section 6: Miners' Circ, 5%, 1947, TO pp.

E&/ Coggeshall, E, J., Fslegy, E. W., and Harrison, L. E,, Some Studies of Emergency
Mine Conmmunications: Bursau of Mines Rept. of Investigations hl35, 19h8,
ik pp.

EQ/ Felegy, E. W., and Coggeshall, E. J., Applicability of Redio to Emergency Mine
Commmications: Bureau of Mines Rept, of Investigations hogh 1548, 56 pp.

&é/ Berger, L, B., and Schrenk, H, H., Laboratory Equipment for the Analysis of Mine
Atmospheres: Bureau of Mines Inf. Circ, Thll, 1948, 18 pp,

EZ/ Borger, L. B., Dstermination of Carbon Monoxide by Absorption in the Haldane-
Type CGas-Analysis Apmaratus: Bureau of Mines Rept. of Investigations 4187,
947, 6 DL

E@/ Pearce, 8., J., and Schrenk, H. H., Determination of Sulfur Dioxide in Air by
Means of the Midget Impinger: Burcau of Mines Rept. of Investigations 4282,
1948, 6 pp.

49/ Schrenk, E, H., Interpretation of Permissible Limits in the Breathing of Toxic
Substances in Air: Bureau of Mines Inf. Circ, Th57, 1948, 7 pp.

29/ MeElroy, G. BE., A Mine Alr-Conditioning Chart: Bureau of Mines Rept. of Inves-
tigations 4165, 1947, 23 pp.
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To aid in the selection of respiratory protective dgi}ces, a list of such
equipment approved by the Bursau of Mines was published. 1

The introduction of new products often is accompanied by new hazards. The in-
troduction of the many new synthetic resins raises the question as to possible
toxic gases that might be produced when such materials are burned or thermally de-
composed. A report describing the various toxic gases produced under lahoratory
conditions was published .52/

: New types of breathing apparatus were tested under the Bureau schedule of per-
missibility to insure that the use of such equipment in dangerous atmospherss would
not endanger the lives of the wearers and to determine the limitations of the new
“equipment 23

fafety and Bfficiency in Ceal Mining

The high rate of accidents from falls of roof is accompanied by loss of produc-
ion due to interruptions at the working faces. Experiments on suspension supports
are being conducted at several mines to determine if they can be used ag effsctively

in the coal mines as in the lead-zinc mines of the Tri-State District.§_¢_§§7

In cooperation with the State mine officials, a study is being made in Washing-
ton coal mines of methods for extinguishing mine fires by using dry ice.

‘A bibliography of Bureau of Mines publicaticns dealing with health and safety
¥as prepared for the convenilences of the mineral industry.2

Berricading as a Life-Saving Msasure

: The value of barricading methods has long been recognized after mine explosions
and during mine fires where deadly gases spread through the workings and imperil +he
n who survive. In 1923 Miners' Circular 23 was issued to give informstion on in-
anceg of actual barricading by trapped men, so that others would be familiar with
effective methods in an emer ency. This circular was revised and brought up to date

1941 and again in 1946.27/ This study of experiences to the pregent shows that a

51? Schrenk, E. H., List of Respiratory Protective Devices Approved by Bureau of

‘ Mines: Bureau of Mines Inf, Circ. Thik, 1948, 1h pp.

2/ Berger, Lawrence B., Schrenk, H. H., Gale, Jamss A., Stewart, Ralph W., and
Bieffert, Lorenz E,, Toxicity and Flame Resistance of Thermecsetting Plastics:
Bureau of Mines Rept. of Investigations 4134, 1947, 11 pp.

ZU Grove, G. W., and Quenon, E. E., Approval of Newly Developed Self-contained
Breathing Apparatus, Instructions in its Care and Use: Bureau of Mines Inf.
Cire, 7L13, 1947, 18 pp.

5&/ Thomas, E., Suspension Roof Support for Coal-Mine Roadways: Coal Age, vol. 53,

_ No. 7, 1948, pp. £6-88.

2U Themas, E., Seeling, C. H., Perz, F,, and Hansen, M., V., Suggested Roof Supports

; for Use at Paces in Conjunction with Mechanical Loading: Bureau of Mines Inf.

ke Circ. T471, 1948, 9 pp.
: ZV Davenport, S. J., Bibliography of Bureau of Mines Publications Dealing with
Health and Safety in the Mineral and Allied Industries, 1310-4%6: Bureau of
Mines Tech., Papsr 705, 1948, 154 pp.-
Harringtor, D., and Fene, W. J., Barricading as a Life-Saving Measure in Mine
Fires and Explosions: Bureau of Mines Miners' Circ. 42 (revised Dec. 19465)
1948, 80 pp.
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tight stopping usually can be erected in a suitable Place in 30 minutes 1o g feyw
hours, Air circulation in the area outside the barricade should be short-circuit&d
and a large encugh area should be enclosed to provide at least 1,000 cubic fest of ’
air per man and as much more as can be readily enclosed.

Coal-Mine Disasters

After rescue and recovery work at coal-mine disasters during the year engineerg
and inspectors of the Health and Safety Branch made investigations and prapared pe.
ports on the causes of these disasters with recommendations for protection Trom the
hazards shown.38/ In the fiscal year 1947, 17 mine explosicns, causing 154 deaths,
were reported; of these, 4 were mzJor disasters (loss of 5 or more lives at g time
causing a total of 14 deaths. One sxpilosion in Tilinois killed 1711 persons; the
cause was unsafe blasting Dractices, coupled with utterly inadequate rock dusting,
An explosion in Indiana, resulting in 8 deaths, also was found tc have been caugeq
by unsafe blasting and failure to apply rock dust to the active workings. Two gas
explosions in Pennsylvania anthracite mines caused the loss of 25 lives; the Primapy
cause in both instances was laxity in testing for methane, '

3.

Miscellansous Causes of Coal-Mine Injuries

A stwdy of variocus Supposedly minor causes of coal-mine accidents shows that
the total of injuries from machinery, flying particles, steam, compressed alr,
stumbling, falls of bersons, hand tools, and other causes amount to about 45 percent
of all coal-mine injuries. A detailed discussion of such harzards with recommended
protective measures has been compiled and published for use in teaching classes of,

accident prevention for mine officials.zg/ Numercus safe practices are discussed
in addition to the over-all problems of supervision, inspection, formulation of
safety rules, and the education and training of workers,

Gaseous Explosions and Use of Explosives

Permiggibility Tests

A I I e I T

The conditions and requirements governing the chemical and physical testing Gf
explosives to determine their characteristics so that they can be used safely in
gassy and dusty coal mines are set Torth in Schedule 1¥,50

Four samples of explosives were submitted to determine their safety for use in
gassy and dusty coal mines. Two of these passed the required tests for permissibility,
and two were withdrawn from use. )

Twenty-three sampies of explosives containing TNT and ammoniim nitrate were
tested for poszible use as permissible explosives. A1l samples falled to pass the
gallery tests,

58/ Harringfon, D,, Fene, W. J., and Humphrey, H. B., Coal-Mine Explosions and Coal-
and Metal-Mine Fires in the United States during the Fiscal Year Ended June
30, 1947: Bureau of Mines Inf. Circ. TH56, 1948, 21 pp.

22/ Bureau of Mines, Miscellaneous Accidents in Bituminous-Ceal Mines, Sectiom T,
Coal-Mine Accident Prevention Course: Miners' Circ, 60, 1947, 85 pp.

€0/ Bureau of Mines, Procedure for Testing Explosives (Including Sheathed Explosives)
and Blasting Devices for Permissibility and Suitability: Sched, 1F, approved -
Jan, 20, 1945, 11 pp., with smendments approved Mar, 1l and Aug. 7, 1945, Jume
2k, 1948, and Fen. 27, 1948. g
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. 0Oa June 30, 1948, the permissible 1ist5l/ contained the names of 191 explosives
and § blasting devices comparsd with 186 explosives and 9 blasiing devices on the
list as of June 30, 1947,

Field Samples of Permissible Explosives

A permissible explosive or blasting device, after approval for use in gassy and
dusty coal minss, must be so manufactured that it will have all the chemical and
physical characteristics of the bagic sample. To check on their quality, 28 samples
of permissible explosives were collected from the manufacturers' magazines, Two
gamples failed to pass the gallery tests and several others did not meet the estab-
iished tolerances for some of their rhysical characteristics. The items in which
these explosives failled and the nimber of failures, respectively, were as followe:
Physical examinatiom, 7; chemical analysis, 10; rate of detonation, 7,

Consumption of Permissible Explosives

During the figcal year 1948 the consumption of permissible explosives in coal
mines totaled approximately 116 million pounds. In addition to this, approximately
33 million pounds of black blasting powder and approximately 136 million pounds of
bigh explosives wers used, the last chiefly in strip-mining operations. Thus, three
and one-hal? times as much permissible explosives as hlack blagting powder were used.
During the past few years, the guantity of permiszsible explosives used has increased,
Whereas the guantity of black blagting powder used has remained almost the same.

Vibrator-Type Multiple-Shot Blasting Unit

To meet the need for a satisfactory permissible multiple-shot blasting unit,
¥hich would be capable of firing 10 detonators in series and be safe for use in un-
derground mining where a gas ignition hazard may exist, the Bureau developed a
capacitor-battery type.062/ It 1g based upon utilization of the discharge energy
 from & capacitor charged to a given voltage and having capacitance adequats to shore
enough energy to initiate 10 detonators in series. The pPrimary source of snergy is
- 4 bovolt cap-lamp battery and the voltage is built up to the required value by mesns
. of a vibrator.

To operate safely in gassy atmospheres, the voliage on the capacitor in the
unit must be reduced to such a value that dangerous sparking resulting fram breakage
of the firing circuit does not octour after movement of the coal face has possible
released gas. The present unit has been found to be safe in this respect.
Perimental model has been operated hundreds of times during test work and has per-
-formed satisfactorily,

Extinction of Isobutene Flames by Carben Dicxide and Fitrogen

Recently, iscbutane has become = sommercially iwportant raw materisl in the
Iroduction of aviation gasoline by the alkylation process, in which isgparaffins are

§1; Tiffany, J. E., and Gaugler, Z. C., Active I35t of Permissible Explosives and
Blasting Devices Approved Previous to December 31, 1945: Bureau of Mines Rept,

- of Tnvestigations 3910, 1946, 20 po.

§§/ Gibson, F. C., and Brown, F. W., Vibrator-Type Multiple-Shot Blasting Unit:
Bureau of Mines Rept. of Iuvestigations h136, 1947, 5 pp,
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combined with olefins to give higher molecular weight compounds of branched-chaj_n

structure. Therefore, the general explosion hazards of this substance have been
determined.b3

The lower and upper limits of inflammability of iscbutans in air were found 44
be 1.63 and 8.43 percent by volume, respectively. ,

Tests were carried out with Iscbutane-air mixtures to which increasing Propor.”
tions of nitrogen or carbon dioxide were added both in the lower- and upper-limit
renges. The concentraticns of these gases were increased eventually to the point
where the miztures became noninflammable when mixed with eir in any propertions,
Figure 19 shows the total areas of inflammability of isobutane-air-nitrogsn ang
isobutane-air-carbon dioxide mixtures, It is seen that the addition of nitrogen to
isobutane-air mixtures in the lower-limit range has virtuslly no effect upon the
limit of inflemmability. On the other hand, the addition of nitrogen in the upper-
1imit range decreases the limit progressively almost in direct proporticon to the
amount of nitrogen. When the mixture contzins 39.8 percent of added nitrogen; the . -
Lower and upper limits of inflammability merge, and further additions of nitrogen
produce mixtures that are entirely noninflammsble., This point is reached when 25
Percent of carbon dicxide is present in the mixture.

ffects of Hydrocarbons and Other Gases Upon the Explosibility. of Aceiylens

There is considerable interest at present in the safe handling of acetylene
under pressure. The maximm permissible bressure in portable acetylene generators
is 15 pounds per square inch gage. Tesis by the Bureau of Mines have shown that
this pressure is too high tc prevent sxpleosions of gaseous acetylene in the sbsence
of air. In faect, dry acetylene gas can be sxploded at pressures greater than 5.9
pounds per square inch gage. It was found that the addition of hydrocarbons such
as natural gas, propane, or bubtane to acetylene rendered the latter less explosive, -
The effectiveness was found to increase with the molecular weight of the hydrocar-
bon. For example, at 15 pounds gage pressure, the percentage of hydrocarbon re-
guired to be present in the acetylene to Prevent explosion is as follows: Natural
gas, 13.8 percent; Propane, 9.2 percent; butene, 8.4 psrcent by volume,

It seemed desirable to determine the inkibiting effects of these hydrocarbons
at pressures up to 100 pounds gage. The amounts required to prevent explosions
of acetylene at different pressurss are shown in table 4, The efficiency of the
added hydrocsrbons ig thus seen to increase with increasing molecular weight.

For comparison, additional experiments were carried out with carbon dioxide,
nitrogen, heliuwm snd hydrogen with results shown in teble 5. It is seen that the
inhibiting effects of these gases, except carbon dloxide, are low compared with the
bydrocarbong and that there is little difference in the effects of nitrogen, heliut,
and hydrogen. Carbon dioxide iz comparable to patural gas,

These results are shown graphically in figure 20,

63/ Jones, G. W., and Scott, G. 5., Extinction of Iscbutane Flomes by Carbon Dioxid

and Nitrogen: Bureau of Mines Repb. of Imvestigations 4095, 1947, 9 pp. '
€4/ Jones, G. W., Kemnedy, R. E., and Spolan, I., Effect of Hydrocarbons and Other
Gases Upon the Explosibility of Acetylene: Bureau of Mines Rept. of Investi-
gations 4196, 1948, 8 pp.
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TABLE 4, - Amount of hydrocazbon required to prevent explosions
in acetylene at different pressures

Hydrocarbon required to prevent
explosion in acetylene,
Initial pressure, percent by volume
lb./sq. in, gage Butane Propane Natural gas
15 8 10 15
25 11 13 21
50 17 20 31
(] 15 2 36
100 21 26 39

TABLE 5. - Amount of gas required to prevent explosions
in acetylene at different pressures

Gas reguired to prevent
explosions in acetylene,
Initial pressure, percent by volume
1b./sq. in. gage Carbon dioxide | Nitrogen | Helium
15 15 23 19
25 23 32 31
50 33 L L3

75 38 53 55
100 L1 55 58

Flammability of Gasoline Vapor - Air Mixtures at Low Pressures

The operation of jet combustion engines at high altitudes and the general as-
4 ses in rarefied atmospheres have created congiderabhle in-
rest Iin the problem of ignition and flame propagation at low pressures.

_ Egg riments carried out with natural gas-alr mixtures at reduced pressures
m»mdh_j that the flammahle limits are affected but litile at reduced pressures
%o to 75 mm. mercury. As the pressure is reduced below atmospheric, the mix-
es beccme more difficull to ignite. However, if a suitable sourcs of ignition
-] émployed, the limits are as wide at 175 mm. as they are at atmospheric pressurs.
view of these results, mixbtures of gasoliine and air were investigated similarly.éé/

FPREPARATION CF COAL

Coal Washi

=¥ Cleaning and Dewatering Process for Fine-Size Coal

Development of a new "kerosine-flotation” process for the cleaning and dewater-
of fine-size coal in the iQ-mesh to O range was carried to the commercisl

E@ Jones, G. W., and Kennedy, R. E,, Inflammability of Natural Gas: EPfect of
Pressure upon the Limits: Bureau of Mines Rept. of Investigations 3798, 1g9Ls,
13 pp.
Jonss, G. W., and Spolan, I., Inflammability of Gasoline Vapor-Air Mixtures at
Low Pressures: Bureau of Mines Rept, of Investigations 3966, 1946, 5 pp.
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