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EXPLOSION TESTS OF PITTSBURGH COAL DUST IN THE
EXPERIMENTAL MINE, 1925 TO 1932, INCLUSIVE'

By GEORGE S. Rl:CE/ H. P. GREEN\VAi-D~3 and H. C. I-IowARTH 4,

INTRODUCTION AND SUMMARY

Details of explosion tests in the Experimental mine before 1925
were given in Bulletins 56,5 167,6 and 268,7 which covered consecutive
periods of time. The nature of the -work during the present period
and the exigencies of publicatìon have made it desirable to issue three
bulletins dealing with subdivisions of the general problem of the
explosibility of coal dust and the prevention of explosions in coal
mines. The first of these ,vas Bulletin 353,8 dealing with tests of
rock-dust barriers; the second is the present paper, which reports
tests made to determine the effect on the explosibility of Pittsburgh
coal dust of altering conditions under ,vhich the tests were made;
the third, dealing with tests of dust prepared from approximately
20 coals taken from beds in mines in different parts of the United
States, will follow after the completion of testing in progress at the
time of writing.

Technical Papers 3869 and 46410 were issued during the present
period. The former dealt with tests of dusts prepared from coals
received from Utah, and the latter gave a summary oÎ results to
1929. The results of other investigations of urgent nature whose
conduct interrupted the progress of explosion tests from time to
time were also published. The more important of these were an

1 Work on rniinuscript completed March 1033.
~ Chief mining engineer, U.S. Bureau of Mines.
"Supervising engine('r, Experimental mine section, U.S. Bureiiu of Mines.
~ Coal-mine superintendent, U.S. Bureau of Mines.
5 Rice, George S., Jones, L. M."Clement, J. K., and Elgy, W. L., First SerIeOl of Coal-

Dust Kxplosion Tests in the Krperimentni Mine: nun. 56, r:ureiiu of :\fines. 1913, 115 pp.
Describes the construction and equipment of the mine and gives results of the first 15
tests.G Rice, George S., Jones, L. ::f., Egy, W. L., and Greenwald, H. P., Coal-Dust Expiosion
'rests in Experimental Mine, 1il3 to 1918, Inciusive: null. 167, Lureau of Mines, 1922,
639 pp. Describes developments during the period and gives re~ults of approximately 500
tests. These tests dealt with expiosions of pure coal dust, etlectiveness of difterent in-
combustible dusts in preventing propagation of explosions, explosibiity of dWits prepared
from coals taken from different beds, origin or explosions at different points In the mine,
and effectiveness of rock-dust barriers. Various methods of preventing or checking the
spread of explosions are discussed.7 Rice, George S., Paul, J. W., and Gt'eenwald, II. P., Coal-Dust Explosion Tests in the
Experimental Mine, 1919 to 1924, Inclusive: BulL. 2G8, Bureau of Mines. 1927, 17fl pp.
Gives an account of chang-es at the Experimental mine during this period and the results
of approximately 225 explosion tests, moi;t of which were of coals obtained from different
beds throughout the United States.a Rice,_ George S., Greenwald, H. P., and Howartb H. C.. Tests of Rock-Dust Barriers
in the Experimental Mine: BulL. 353. Bureau of MInes, 1932, 81 pp. Gives results of
approximateiy 350 tests of rock-dust barrIers of dIfferent types and classes made to de-
termine their proper design and effectiveness when used in connection with rock dusting.9 Greenwald, H. P., Expiosibility of Coal Dust from Four Mines In lltah: Tech. Paper
386, Bureau of Mines, 1927, 20 pp. Gives results of tests of dusts prepared from coal
obtained from four mines in the Book CUffs field.ia Rice, George S., and Greenwald, H. P., Coal-Dust ExpiosibiUty Factors Indicated by
Experimental Mine Investigations, 1911 to Hl29: Tech. Paper 464, Bureau of Mines. 1\l29,
45 pp. Summarizes information obtained on seven factors infiuenCIng the e:xplosibility of
coal dust in mines and indicates application thereof.

i
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investigation ~f ve~tilation for vehicular tunnels,l1 a study o:r £ri:tion
factors for mine uir\vays,l2 and tests of the strength of minc stop-
pings constructed of plain concretcY

FACTORS INFLUENCING EXPLOSIBILITY OF COAL-MINE DUST

It was pointed out in Technical Paper 464 that the explosibility of
coal dust was not constant, but vaned with a number of factors,
seven of which could be listed as 01 primary importance, as they cover
all variables commonly met in commercial mines.

These factors arc:
1. Size of dust.

(a) Size of coal dust (of primary impültance).
(/)) Size of rock dust (of seconùary importance).

2. Composition of coal dust.
(a) Haho of volatie to total combustihle (of primaiy irnportance). .
(b) :MoIsture and ash cont.ent (of secondary lmpOl Lince \vithir limits of

coals mined in the lJnitcd 8tates).
3. Presence of infiainniabh~ gas in mine passugf:\vrrys.4. Quantity of dust in passage\vays..
5. position of dust with respect t.o De-rime-tei. C:1. ('ross sedion of passageway.
6. Source- of ignitioii, its dust. raising and igniung power.
7. Surrounding conditions.

(a) Physical condition of the walls of the passage-wa;y.
(b) Configuration of t.he passageways,

Tests detailed in this paper give inf~rmation on factors 1, 4, 5i
and 6. Factors 2 and 3 will be covered in the paper to fo11O\v. .In-
formation on factor 7 is still too fragmentary to warrant detailed
discussion.

SUMMARY OF RESULTS OF EXPLOSIBILITY TESTS

Thc tests detailed in the following pages fall into four groups, and
the conclusions drawn therefrom may be summarized as follows:

EFFECTIVENESS OF ROCK DUSTS OF DIFF.RE~'r SIZE

Tests of mixtures of mine-size (20 percent ~inus 2~O-r.esh)
Pittsburah coal dust and rock dusts of different size in 1930. indica~ed

that theOincreased effectiveness of rock dust caused by increasing
its minus 200-mesh dust content from 50 to 100 percent w~s t?O small
to justify additional costs that l:iay. accompai-J: fine grinding. In
general, it will be cheap~r to maintain an ~dditio~al 2.01' 3-il?rcent
of the coarser dust permitted by the tent~tive specifications is~ued
by the Bureau in 1924 and later adorted in essence by the American
Engineering Standards Committee.l" Moreoveri there is an advan~

tage in having some coarser dust present to lessen caking follmving
moistening.

These tests are described on page 9, and the results are graphed
in figure 3. Determination of the size of rock dust most suitable for
use in a given mechanical rock-dust distributor or for distribution by

air currents in trackless entries or ina.ccessible wGrkings is a prob-
lem to be solved in commercial operations.

11 Fieldner, A. c., and others, Report of U.S. Bureau of Mines to New York State
Brldg-e and Tunnel Coiimi~sion and the New ,Jersey Ii;terstati; Brldg~ and Tunnel Cr:m-
mission: ,Tour. Am. Soc. Heat. ai-d Vent. Eng., VQl. 32, 1926; reprint February 1927.
See parts 3 and 4, pp. riB-16B. "'r" ,. '.1 t. Ft. B ii 285

JJ Gref'iiwnld, II. P., and McElroy, G. E.. Coal-n_ ine 'en i a lOn fiC ors. u. .
Bureau of MineO!, LU29, 106 PD. . set St I:l" Ricc, George S., Greenwald, II.. P., Howa~th, !~. C., and Ay~.ns, ., .oncr~ e opp ~gs
in Coal Mines for Resisting Explo~i.iis; Dctail.ed lests of .Typical Stuppings and Stren"th
of Coal as a Buttress: BulL. 345, ßurcuii of Mmes, 1931,.63 pp. .

H.Rlee. G S.. l'aul, J. W., and Sayers, R. R., Tentutive SpecJflca.tlOns, tor Rock Dust-.

i!lg to p'rev(.nt Coal-Dust Explosions in ~lIIles: Rept. or Investigations 2606, Bureau of
)-1i~r~i'Ì:JÐ~Ììe~oPir;~ended American l'rHcticc for RC!ck-Dustlng- Cüal Mines. to P~eve~t

Co.il"Dust Lxplosioii~" a code apprOVl'l by the Arocncan Standards AssociatlOn, ha~ b\'D
lJUblishe.ù and dl~cu¿sed in a number of places as follows.: Ric~, George S.. Sfly.ers, ~.9~7'
anù HH'I'ngton D Rock Dusting" in CQal Mineii: Inf. CJrc. 6030, Bu~eau of Mines, '
5 pp. '!Ui'e, Gl'org.~ S., JUfeetive Rock"Dusting. in (QUI Mii:es: Inf. ~Jl'c. 0039.. nUlea27~f
~Il s Hl27 7 pp Hice George S., Safety in Coal Mining- (A Hamlbook) . Bull. ,
î1UI~~;I'U of Üint's, I92H, ¡lp, 51-5,1. Rice, lkorge S., Paul, J. W., and Greenwald, H, p"
\..ork cited, appendix, VP, 1ßG--Hi8.

TESTS OF DIF'FERl'::-;l SOURCES OF IGXITIOX

Tho term" source of ignition'l designates any means by which a
coal-dust explosion is initiated. It may be a gas explosion. a blow-
out shot of explosive, an electric are, or an open flame.' In test
work a zone of pure coal dust may be. used with any of the above to
increase its power and is then considered part of the source. Three
standard sources of ignition are in use at the Experimental mine,
termed Ai B, and O. They are, respectively, the cannon shot of the
standard ignition test, the cannon shot and 50-foot zone of pure
Pittsburgh coal dust of the 8tandard propagation test, and the 50-
foot zone of explosive gas-air mixture of the gas-initiated propaga-
tion test. They are described on page 13.

Electric arcsi open lights, and some small inflammations of gas
require a preformed dust cloud to initiate a coal-dust explosion.
All other sources of ignition are capable of forming the dust cloud
that they ignite, provided that the necessary dust is present oil the
surfaces of the mine passageway. There is no specific relation be-
tween the dust-raising and igniting powers of a given group of
sources, such as those used in the Experimental mine. Igniting
power depends primarily on intensity of flame or heat and dust-rais-
ing power on the nature and intensity of the disturbance created
in the air in which the dust will be dispersed. The relative igniting
and dust-raising power of sources A, B,and 0 is discussed on
page 1e.

Effect of V!Iinli quantity of dust present.-Formation of a dust
cloud wil depend oil the quantity of dust present as well as on tbe
power of the source of ignition to raise it. Limits of explosibility
of mine-size Pittsburgh coal dust were determined in 1931 and 1932
under the three standard test conditions, with the quantity varying
over as wide a range as possible. There was a quantity of coal dust

(expre8sed in weight per unit volume of passageway) which gave
maximum explosibility with each sourcei and the greater the dust-
raising power of the source, the less was that quantity. The point of
maximum explosibility was sharply defined for source C but was
not 80 defined for the other two. The results are plotted in figure
5 and di8cussed on page 17. It is to be expected that tbe concen-
tration required to give maximum explosibility will vary with the
composition of the coal, but the least variation will probably be
found with source O.

Minim/win ga.'? explosion required to iqrdte coal dust.~ Tests 18 were

made in 1930 to detemiine the smallest volume of a uniform gas-air
mixture containing 9 to 10 percent natural gas that would initiate
an explo8ion of pulverized Pittsburgh coal dust. The tests are dis-
. )0 Rice, G. S., Greenwald, H. 1'., and Howarth, H. C., Some Experiments on the Inltla-
hon of Coal-DuO!t Explosions by Gas Explosions: Re-pts. of Investigations 302H, Bureau
uf Minf's, 1UBO, 9 pp.



I~'lRODUCTIO:N AKD SUMMARY 5

4 EXPLOSION TRSTS ix BXPERD-TENTAL ),IIXE, 1925-32
or by falls of roof has resulted in a number of disasters.18 A. device

for demonstrating the ignition of coal dust by an electric arc was
first tried at the Experimental mine in 1925, received subsequent
improvement in test technique from time to time, and reached its
present ~rrangement in 1930. It now consists of a mine car on
which is mounted a piece of trolley wire so that an electric arc is
formed between it and the roller bar of the car. A cloud of coal
dust is blown onto the arc from a trough mounted on the opposite
end of the cair. A complete description of the device is given on
page 34; figure 10 is a photograph of it, and figure 11 shows it in
operation in open air.

An early form of the device was used in 1929 to determine the
minimum amount of pulverized Pittsburgh coal dust that would be
ignited and produce enough pressure to upset balanced cross shelves
loaded with coal dust, with resultant initiation oÍ a general dUflt
explosion. The arrangement of these tests is shown in figure 9, and
they are discussed on page 32. It was found that 10 pounds of coal
dust were suffcient~a quantityso small in proportion to the weight
of dust that would be scattered from a wrecked car of coal, or by
a large fall of roof in workings, that it is not surprising explosions
have been started in such dust clouds by an electric arc of high
amperage from a trolley or power line short-circuited. The arc used
in these tests carried only 6.5 amperes with a drop of 65 volts across
the electrodes. It is evident that haulageways containing trolley or
power wires should be kept thoroughly rock-dusted at all times
to prevent the origin of explosions in this manner.19

cussed on page 25, and their arrang.ement is illustri":-ted in lìgi:re 6.
The amount of gas-air mixture required was determine~ pnncipally
?y the ease with which ~ dust yloud could be Íori:e~, which depended,
in turn. on the manner Hi which the dust was distributed. One hun-
dred aríd fifty cubic feet were suffcient when the dust was on over-
head shelves that could be overturned by a small Íorce. A smaller
amount probably would have suffced had the ~iist cloud been .pre-
formed by some means. It was necessary to use .100 cubie feet of gas
mixture when the dust had to be blown from fixed shelves, and the
dust explosion produced had little strength,. a.s it \-vas exting.uished
after traveling 100 feet by other ~ust contuining .60 per:e:it incom-
bustible materiaL. Use of 500 cubic feet or the mixture initiated an
explosion in 100 feet of pure coal dust that co~tinued to .the mouth, of
the mine through dust containing ,54 percent incombustible material.

These tests show that small accumulations of gas which might
pass unnoticed or be ignored in a c.ommercial .mii:e can be exce~d-
ingly dangerous, and, therefore, continuous ventilation must be main-
tained at all timesY

Tests of stratified .gas.-Uniform mixtures of fire damp and ail'
arB rar~ly Í~und in co.al mines. Usually the gas issuing from c~al
strata first nses, forming a layer or stratum at the, roof .and, while
diffusing into the air current, makes a zone of explosive mixture near
the bottom of the layer. Ignition of this explosive mixture usually
results in complete coi:?ustio~ ü:f all t~he gas ~s the aecomr~nying
disturbance brings additional ail' into mixture with the gas. lests of
such layers of gas partly confined in pockets in the roof were made in
1930 to deterrrune whether the concussion accompanying their com-
bustion could form a. dust cloud that would become ignited and
initiate a general dust explosion. The arrangements of the tests are
shown in figure 7 and discussed on page 29.

The conditions of test were unsatisfactory, and the work was not
carried to conclusion. The layers of gas were ignited without diff-
culty, but the concussions accompanying their inflammations were
too\veak to upset cross shelves balanced on narrow supports; hence
no dm,i; cloud was Íormed. Ga.'ì issuing Írom the coal face, floor, or
roof strata does Íorm such layers in headings or rooms oÍ gassy ~r
slightly gassy commercial mines when the, v~ntilating current ~s
not suffcient to sweep away the gas, and it issues faster than it
can diffuse into the surrounding body of air. If such a layer is
disturbed by an increase in ventilation or by movement of men or
machinory an explosive mixture is usually formed with the. sur-
rounding air, and a greater concusion would accompany coi?-
bustion of the gas. Conditions would then approach those dis-
eussed above. Safety is obtained only by having a suffcient contin~
uous ventilating current to keep the proportion of gas well below
the lower explosivø limit.

Electrio arcs a.s 80wrces 0/ ignition.-Due to the widely extended
use of electricity for mechanical coal cutting, drilling, loading, and
haulage electric arcs arc now second only to gas explosions as direct
initiafors of coal-dust explosions in America.n mines. Their occur-
ence in clouds of coal dust formed by wreckage oÍ trips or cars

EFFECT OF VARYING DISTRIBC'I'ioN OF COAL DUST

A number of tests were made in 1925 and 1926 to determine the
effect on the explosibility of coal dust of altering its position with
respect to the perimeter of the entry-that is, whether the dust was
on the floor, side shelves, or cross shelves. The work was not com-
pleted then, and press of other work has prevented resumption since.
Detail are given on page 381 and two important qualitative conclu-
sions can be drawn. ~

A strip of more or less pure coal dust along the floor of an entry,
such as may be Íormed by spillage- from cars, is dangerous, as an ex-
plosion may travel through it even though the halance of the floor
and ribs is properly rocle-dusted. Large quantities oÍ rock dust on
overhead timbers may be able to prevent this, but experimental proof
is lacking. All parts of a roadway must be kept rock-dusted to pre-
vent propagation of an explosion, and spillage of coal should be min-
imized to reduce contamination oÍ the floor.

The tests showed that a lower percentage of rock dust was needed
in the dust on the floor than on the ribs and overhead timbers. This
difference can ~e ascribed to gravity: which aids Íormation of a cloud
from dust on timbers and ledges Ileal' the roof and opposes it when
the dust IS on the floor. Qua.ntitative relations have not been estab-
lished as yet.

17 See "Mine Safety Board Decision 9, Reconimendatiolis of the T~nitcd States BurCllU of

Mines on Certain QuestlOll.s 01 :\liiw Sufety, !H; 01 I?eu. a, 1\)33: riiL Circ. 67.'2, Bureau of
Mines, 1D33 (lii press).

. 13 For a description of some of thes2 disasters see Rice, George S., Saff'ty iii Coal ~Iin-
ing (A Handbook) : BulL. 277, Bureau of Mines, 1928, p. 80; section headed E:xplosions
Caused by Electric Cln'ults In Haulageways.ll For the recommendations of the Bureau concerning rock dm;tiug H('e l\line Safety
Board. work cited. dedsion 5.
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MISCEI.LANEOUS TESTS

A few tests were. made to determine the effect of small changes in
the proportion of minus 200-mesh material in coal dust on its explo-
sibility. A change from 20 to 25 percent had an efleet that was
appreciable but of no practical importance. This information is of
advantage in judging the explosibility of field samples. The tests
are detailed on page 43.

Demonstration explosions initiated by blow -out shots near the
mouth of the main entry ha VB been made on a number of occasions
for groups of visitors. . A summary appears on page 44. In late
years such demonstrations have been initiated by the device used
to demonstrate the ignition or coal dust by an electric arc instead of
by a blow-out shot of black blasting powder.

A large number of tests made during the investigation of rock-dust
barriers were reported in Bulletin 353.20 Some information on the
explosibility of coal dust obtained from them is included in
appropriate sections below.

Instrullum.ts.-There were only minor changes in the instruments
used for recording the phenomena of dust explosions during the
present period. These concerned ease of installation and handling

130 Cannon

iqnirion zone
. t.fZ50

.standard test zone

AII50 iEI/50
,

,
,
,

E/050
,

¡ Mixed dust

t
tQ ~ 5
~~ Q

fan 0 ~
FIGURFl l.~DiagraIr of Mxperlmental mine, observatory stations wiring and development

as of December 1924, showing arrangement of 'standard 'propag~tion test.

d~ring prepari.tion for a test. Full details of the instruments are
given in Bulletin 167, page 38, and Bulletin 268, page 13. Further de-
velopment will be necessary to cl1rry out work planned for the future.

""..

ALTERATIONS OF EQUIPMENT AND MINE PASSAGES, 1925 TO 1932

Surface.-There were no important changes in the surface equip-
ment of the Experimental mine during the present period. Minor
alterations were made as required, and extensive repair work was
necessary at some points. Portions of the surface not likely to be
needed for test work in the near future are being reforested. A
steel tube 12 inches in diameter by 100 feet long was ereefed just
west of the observatory in 1927 and was used ina study of' propaga-
tion of flame in mixtures or natural gas and air, as described in
Technical Paper 427.21 Descriptions of the remainder of the surface
plant in Bulletins 16722 and 26823 are fairly accurate accounts of
conditions at the close of 1932.

llnderground.-Extensions of the underground workings can be
seen by comparing figures 1 and 2, which give the development in
December 1924 and June 1932. Rooms 7 and 8 off no. 1 left butt
entry were completed but not cut through to the entry. .1\ new pair
of butt entries, termed A and B, were then started from the air-
course nearer the pit mouth to develop the entire tract of unmined
coal; eventually they will be. over 1,000 feet long. The narrow pas-
sageways turned from B left butt entry were driven to provide a
place for tests of the compressibility and bearing strength of the
Pittsburgh coal bed.24 Tise of the gas-initiated propagation test
made it necessary to extend the standard test zone to E750 and A 750
in 1931, or 200 feet on each entry. Concrete floors were placed, the
ribs and roof were gunited, and cross and side shelves were installed.
The longer test zone is illustrated in figure 2.

"
:' m Larqe instrument station

o Smdll instrument station
--- Wire cables containín9

4 power wires,2 shot-firinq
wires and 29instrumenl wires

,
,
,
,
,
,
,
.
,
,
,
,
.
,

A33/:
,
,
,
,

hole-

c"
,y ""0

S2

o

Bore

i'
EI50

£50

20 Rice, G,'org(- S., Greenwaid, H. P., and Howarth, H. C., work cited in footnote 8,
apPf'ndix, p. 77.

21 Coward, H. P., and Gl'ct'iiwald, H. P., Prop¡igation of Flame in :Mixtures of "Natural

Gas and Air: Tech. l'aper 427, Burean of Miiie~, 1928, 28 pp.2. Rice, George S., and others, work cited in fùotnote 6, p. :-l3.
2" Hice. George S., Paul, .1. W., and Greenwald, H. p" work cited in footnote 7, ¡i. 10.
o4Ureenwald, H. P., AVlllS, S., and Riice, George :3., Cornpres~ibility and Ht.uriiig SU(èngth

of Coal in Place; 'rests of Lateral Compress1on of the pittsburgh Coal Bed; Tech. Paper
527, Bureau of Mines, H)33, 12 pp.
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variation in size was by far the most important factor. The matter
was of practical importance, as some manufacturers were urging
that very fine rock dust was superior to that somewhat coarse-I'.
Early tests (reported in Bulletin 167, p. 26) had shown that dust
contåining 95 percent minus 200-mesh material was more effective
than dust having; only 30 percent, but the difference appeared to be
equivalent to a change of about 5 percent in the quantity of incom-
bustible material in the mixture and at that time was not considered
of great importance. The matter was taken up again in 1930, and
a short series of tests was made with four sizes of rock dust; all
passed a 20-mesh sieve, but they contained different proportions of
minus 200-mesh materiaL.

EFFECT OF VARIATION IN CHARACTER OF INERT DUST

In the earlier dust,ing of commercial mines, rock ~ust ground
locally from strata adjacent to the coal was used predominantly. At
a later date limestone dust could be purchased .more easily and
cheaply in most mining districts) and it came intO' general use.

TESTS OF DIFFERENT SIZES OF ROCK DUST

TEST METHODS

"

i \1

¡soo ~
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Standard propagation-test methods were used with no gas in the
air current, as illustrated in figure 1. Pittsburgh bed coal dust con-
taining 20 to 22 percent minus 200-mesh material was used in the
mixtures; proximate analyses gave 2 percent moisture, 7 percent
ash, and a ratio of volatile to total combustible of 0.409.

The coarsest size of inert dust was a yellow shale termed "pit
shale" at the Experimental mine.26 It contained less than i percent
combustible materiaL. The finer siies of inert dust were all limestone
of a brand sold in large quantities for rock dusting. These dusts
contained less than 1.6 percent combustible material, and their sie_ve

analyses were as follows:Circular roadway for
vehicular tunnel testing

Averuge ls'teVie unulYscs of ine'l dU8'ts used

iilUll
B.1e1t,cntryhj :c=

Limestone
.00

Percent minus Shale Coarse Int~r- --I :Fin
mediate e---

;:1
41
30

100
HO""

100
83
68

100
99

'300
A.Jeítent~

200

2Q-mesh______
48-llesh.._
i(X-mesh_________
200-mesh___

UUL.un

. j £;50

..r _ ___~:~~f_t_ \,'

"-¡~.l---- -á ____
G" Outcrop of Pittsburgh coal bed T

Faa.

100 All these samples were" dust" in the sense of the' Bureau's defini-
tion that coaJ.mine dust is to be considered as all material passing a
20-mesh sieve. The size of dusts is graded by the proportion thereof
passing a 200-mesh sieve. "Yhen dusts are prepared by mechanical
means, as these were, the size of the coarsest particles becomes smaller
as the proportion of minus 200-mesh material increases; this is
evidenced in the above table.

15017.5100 75 fie 25 0 2&100

liIGmni ¿-Dia""ram of gxperimental mine as of D(~c.ember 1932, showing arrangement of. '" a ga~-iiiitiliteù propagation tr.st.

Limestone dust. is preferable because of its whiten~ss and freedoi:
from combustible materiaL. Shale dust was .used l!l early Expen-
mental mine tests, and the practice ~as continued into the present
period when limestone dust was substituted.

Results obtained with different inert dusts 
(rock dusts) to 1929

,vere summarized in Technical Paper 464.25 It was concluded that

RBSULTS OF TE.S'lS

Results of all tests applicable to this problem are summarized in
table 1. Tests 277 and 317 were made in 1916, tests 495 and 515 in
1919, test 616 in 1923, tests 814 to 817 in 1926, and all tests with
higher numbers in 1930.

~"Rice, George S., and Greenwald, H. P., work cited in footnute 10, p. 5.

26 For a com¡:lete descl'iptlon and analysis of this shale see Rice, George S., IlI1d others,
work cited in uotnote 8, p. 150.
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10 EXPLOSIOX TESTS IN EXPERIMENTAL MINE, 1925-32

1200_____
119L___"__
b14_ :350

:350
2&0
150
200

400 P.400 P.
400 PP.
150 NP.
3001 KP.L-

dust having 70 and 100 percent minus 200-mesh material is too small
to be determined accurately; also the difference between 50 and 100
percent has only limited practical significance. The rock-dusting
specifications" based on prior testing are fully confirmed by these
later tests. It should be noted that these tests determine only the
effectiveness of dry dust and give no information as to how the
different sizes will behave in mechanical rock-dusting machines, or
concerning their relative liability to cake when wetted and dried.

There is one discrepancy in the results of the tests in table 1.
Tests 1191 and 814 were duplicates, except that limestone was used
in the former and shale in the latter. The result was propagation
in test 814 and nonpropagation in 1191. The cause of this difference
is not known, but the error is believed to be in test 814 as use of
much coarser shale in test 1214 resulted only in partial propagation.
The result of test 814 has been ignored in forming the curve of
figure 3.

AddÚional dala from-- '¿gnri:tion tests.-Correlation of results of
ignition tests with mixtures of mine~size Pittsburgh coal dust and
inert dusts of different size shows that the above relations hold
exactly only when the source of ignition has enough dust-raising
power to disperse the coarser inert dust properly. These ignition
tests were made at widely separated periods with different ends in
view. "-Then the inert dust ,vas shale containing 30 percent minus
200-mesh material and the mixture was placed at the rate of 1 pound
of coal dust per linear foot of entry, the limiting mixture had an
incombustible content, between 36 and 40 percent (see p. 39, tests
520 and 517, Bulletin 268). Changing the inert dust to limestone
containing 70 percent minus 200-mesh material reduced the incom-
bustible content of the limiting mixture to a point between 22 and
26 percent, a decrease of 14 percent (see tests 1292 and 1291, table 2,
this paper). A similar change at a loading of 2 pounds per linear
foot reduced the incombustible content of the limiting mixture from
approximately 50 to 35 percent (compare tests 349 and 316, p. 207,
Bulletin 167, with tests 1303 and 1310, table 2, this paper).

These results are important, as they indicate that the blow-out

shot used as a source of ignition in standard ignition tests does not
have suffcient dust-raising power to disperse the coarser inert dust
properly. The more violent source of ignition used in standard
propagation tests does so more completely.

T_WLE L-'l'ests at m-ixture8 of mi:e-size pitt8tiurgh coal dust and rocl,; d1J.Stsof dirferentsize

i -¡- 1 Maximum pres- I Length of flame 1
1 Rock dusl used 1 sures a.t 1 measured 1
I I Incom- 1 station 95°1 from cannon i
ii_____:_--~i ~~Sl~P.~~ i-------i--T-----i Results i

I ¡(in,! \ i Wg~r- 1 tlrc 1 Entry 1 Air 1 Entry I M I" Ilinlls I I I course 1 course
1 1 

200-mesh I I 1 i 1___1_
_~~___i___i_______i___ -1--- -~-- I.~ 1 Pacent 'Ii racc7lt 1 Lbs.,/in.' I LlJs.¡in.J Feel I Feet i

ILl 9\l 541 2 1 350 i 400 P.~ s." 96 I' 54 __J 3 3.'i0 i 400 i P._ 1 i 1 !l9 59 :3 2 125 250 NP.
..1 l: 1 99 1 6~ 1 1 LUO lï:i XP.__ s.. lI8 63 l 1 2~0 325 NP.-I S liS 1 G3 i 1 215 375 KP.
-I S: 96 \ 631 2 150 200 ~P.
_I L. 6b . S4 I 2 1~~ 400 ;P.
-I t" ~~ I Z~ 1 i 125 ~r~ ~pP'.
__ ~I R. ïO 1 G3 i 1 1&0 2ï5 l~__I s ïO 681 1 125 150 NP.
1 L. 471 59 4, 2 350 400 P.

-- _:1 L, 171 631____,__ 2-1 ~ 1 ~~~ ~~g N/.
.1 s. "i 63 i is 301 541 "i 31

~~~:::.__ _ p~:::i~: ~,'iUO i 'Oi 1 ~I 1,1,1214_""__ - - ~ .\213d__ ---I s. 3U, 681 i 1 1100~~__--_ S. 3G 1 GS 'i 2 1 2 I

Test no.

1202__________
277_________
1198________"____"
lHI3_w______
616_____
816___w_
317_______

120L__
1199______
1192_______
815___
817____________

\ Abbreviations used. I,., limestone; and S., shale, . .
J Abbreviations used: P., propagation; NP., nonpropagation; and PP., partial propagation.

The data in columns 3, 4, and 9 of table 1 are plotted in figure 3,
incombustible content of the mixture being plotted against the size
of rock dust used. The curve shows the limiting mixturesindtcat~d
by these tests. As the proportion of minus 200-mesh matenal in

~z
'"u
'"
w

SUMMARY 28

To summarize, the tests show that rock dust should contain 50 or
more percent minus 200-mesh material, but- the difference between
dusts containing 50 and 100 percent minus 200-mesh size is not
enough to have great practical importance in rock-dusting commer-
tial mines, so far as power to quench an incipient explosion is con-
cerned. As a result of these tests it was decided that in future lime-
stone dust of ordinary commercial size containing about 70 percent
minus 200-mesh material would be used in the test work both as a

l! For references to t.he rock-dusting spf'cifications see footnote 15.
28 A summary of these tests was first published as a report of investigations. See Rice,

G. S., Greenwald, H. P., and Howarth, H. C., The Effectiveness of Different-Size Rock
Dusts in Preventing- Coal-Dust Explosions in Mines: Rept. of InvestigatiQns 3034,
Bureau of Mines, 1930, iO pp.

the rock dust rises from 30 to 50, 70, and 100 p~r~e?t the. curve
indicates a decrease in incombustible content of lirniting Ulixtures
of mine-size Pittsburgh coal dust from 63 to 59, 56.5, and 55,5 per-
cent. It is evident that the difference in effectiveness between rock
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matter of convenience and to lessen experimental errors in. det~r-
mining limits of explosibility of different coal dusts. This will
necessitate the use of small correction factors when result." obtained
with the finer rock dust are compared with those obtained previously.

OTHER CHARACTERISTICS OF ROCK DUST

Cornposition.-Hesults of early tests -with inert dusts of differe:it
compositions were reported in Bulletin 167, page 141. All data avail-

able in 1829 \vere summarized in Technical Paper 464, page 5. There
has been no additional experimental work since Technical Paper 464
was issued. The tentative conclusion then drawn was that chang~ of
composition of inert du.st unacconipani:d by a change in phys.ical
character did not alter its po\ver to extinguish coal-dust explosions

so long as there was not ~ore than ~ percent combustibl~ material in
it. This limit on combustible material was set for experimental pur-
poses' rock-dusting specifications permit a maximurn of 5 percent.

It has been suggested at different times that gypsum would have
special advantages as a rock du~t because a.ddition~l heat would be
absorbed in liberating the combined water it contains. The S.afety
in :1:Ines Research Board of Great Britain has reported experimen-
tal confirmation of this superiority ~n its regular .communications to
the Bureau of Mines. However, thiS advantage is offset by a tend-
encv to cake when moistened. and it is inadvisable to use it in those
miries \vhich generally have á rri.ist atmosp.here. .

To reduce the causation of pulmonary diseases among miners the
Bureau recommends tentatively that rock dust contain less than 25
percent free silica. Physiological tests have indicated that silicates
may be harmful also. The effect of breathing silica a~d silicate dust
is receiving much attention in various la~or.atory studies, but no final
pronouncement has been made as to the limiting percentage that may
be permitted in rock-dusting materiaL.. .

Specific gravÜy.-Gallery tests repo~ted in Technical Pa,per ~64,
page 6 indicate that the apparent density of a rock dust has minor
importance in determining its effectiveness in preventing propaga-
tion of an explosion. The weight of rock dust .present .and. not t.he
volume determines its effectiveness. On a weight basis diatomite
(kieselguhr) dust, whose volume per unit weight is. 

4 t? 6 ti'!es that
of limestone and shale, was but slightly more ~ffect:ve in e~tinguish-
ing explosions. A dust of low apparent den~ity .will be rais~d more
readilv to form a cloud. but the forces operating in propagatlOIl tests

in the"Experimental rníne arc suffcient to raise the heavier limestone
and sbale dusts and low density then bas litte importance. Results
are different when the dust is used in barriers.~9 There a compact
mass of dust must be dispersed rapidly. 3;nd the ~iatomite is. more
cffecti ve. The use of this almost pure silica dust in barners is not
objectionable from a bealth standpoint, as it is not dispersed in the
mine air except in an explosion.

Oolol'.-The color of rock dust has no bearing on its effectiveness
in extinguishing flame, but it is deBirable that it be white or light

colored so that continued deposition of coal dust during mining
can be estimated by inspection. vYhite dust improves illumination

and therefore tends to reduce other types of mine accidents caused by
poor lighting. Dark color may indicate the presence of combustible
material in a mine dust and l1 dark dust should be regarded with
suspicion until its composition is known.

TESTS OF DIFFERENT SOURCES OF IGNITION

"Source of ignition" is listed on page 2 as a major factor in-
fluencing the explosibility of coal dust. A source usually forms
the dust cloud that it ignites, but there are exceptions, such as elec-

tric arcs and open flames. It is necessary, therefore, to distinguish

between dust-raising and igniting powers, and there is no fixed
relation between them as one alters the source.

The sources of ignition used most commonly in the Experimental
mine are those of the standard ignition, standard propagation, and
gas~initiated propagation tests, which have been termed A, B, and 0,
respectively. Standard ignition and propagation-test methods were
described in detail in Bulletin 167, pages 179-186, and more briefly
in Bulletin 268, pages 35-36. The gas-initiated propagation test
was developed during the present period and differs from the stand-
ard propagation test in two respects. The source of ignition is a
gas explosion (source 0) instead of a cannon shot augmented by
pulverized Pittsburgh coal dust (source B), and the test zone ex-
tends 200 feet farther on each entry to E750 and A 750. Arrange-
ments of standard propagation and gas-initiated propagation tests
are illustrated in figures i and 2, respectively.

STANDARD SOURCES OF IGNITION

DESCRIPTION

Source A.-This is a blow-out shot of 4 pounds of FFF black
blasting powder tamped in a steel cannon with 3 pounds of slightly
damp clay or shale stemming. The cannon is 24 inches in diameter
by 36 incbes in length with a bore 2.25 inchcs in diameter by 21.5
inches in length chambered at the rcar. It is placed in the center
of the roadway at the face of the main entry, so that flame is
projected outward along that entry. The face is 50 feet in advance
of the open crosscut leading to the air course.

8olfl'Ge B.-The blow-out shot of source A is used, to which are
added 100 pounds of pulverized Pittsburgh coal dust distributed
from the cannon to the inby corner of the open crosscut. Approxi-
mately 50 pounds of tbis dust arc distributed on side shelves ex-
tending throughout the zone and one cross shelf at its outer end.
Twenty-five pounds are distributed over a. space 3.5 feet wide and
16 feet long immediately in front of the cannon, and the remaining
25 pounds are scattered over the balance of the floor.

Source C.-A uniform mixture of natural gas and ail' containing
9 to 9.5 percent gas is confined in the dead end of the main entry
by a paper diaphragm erected immediately inby the open crosscut.
The enclosed volume is approximately 2,700 cubic feet. The mixture
is ignited by firing into it a black powder igniter fastened midway
between roof and floor to a post erected 8 feet from the face. Igni-
tion close to the face gives the greatest dust-raising power in the
dust zone outby.

174513-33-2
2U Rice. George S., Greenwalel, H. 1'., and Howarth, II. C., work cited iii footiiOI\~ 8,

pp. 50-S~.



14 BXP,LOSIOX TESTS I~ EXPERßIENTAL :\rI~E, i 9 2 5-3 2
TES'lS OF DIFFERENT SOURCES OF IGNITION 15

PROPERTIES
pressure on each record has been taken as zero time. Dotted portions
of the curves indicate periods when the manometer diaphra6lJi was
in more or less violent vibration, so the record is unreliable. The
first 0.1 second of the records given by sources A and B are similar
and may be attributed to the blow-out shot directly. Beyond this
point the record of source A is irregular but always close to zero
pressure and is probably caused mainly by the pressure waves ini-
tiated in tbe first 0.1 second aud subsequently reflected from the
various surfaces of the passageways. ,Vith source B there is a rise
in pressure during the time interval 0.17 to 0.22 second after dis-
charge of the callIlOlli during which flame is present, and the heat
oÎ the flame is probably primarily responsible for the pressure rise.
After the flame record ends the pressure falls slowly and irregularly.

R~;SeJ.ni OF TBSTS

Length of fiame.-The length of flame of so~ree A is 25 feet.
This has been reported previously and was confirmed by tests 761
to 768 953. 1064. and 1065 made during the present period with the
prima~y irítent.ón of determining the sensitivity ~f barri?rs.

Source B projects flame to E1200 and A1250, points .which are 50
feet beyond the original confines of the. coal dust used. in the source.
Extension of flame beyond the source is therefore t:vice the length
of the ignition zone. This was also reported previously and con-
firmed by tests 953 and 968 in the present period.

Source 0 was used alone in tests 917, 981, and 1273. In test. 917
flame extended to E1l75 and A1200; in the others it extended to
E1175 and A1225. The extension of flame beyond the gas z~ne was
3 to 3.5 timcs the leugth thereof. ~When source 0 was being de-
veloped in 1925 thr~e igniters were use~ to .1Iutiate .the gas exploslOll
instead of one, and it v,rs found that .this did not give 3: .longe.r fia~e
but did give a higher pressure, as witl be noted. Placing mine:si~e
coal dust in the gas ;t~me had n~ eflect on flame length, and it is
assumed that tbe rapid combustion of the gas consumed all the
oxygen before the coal dust could form a cloud and e~ter int.o the
reaction. On the other hand, 200 pounds of coal dust immediatdy
outby the gas zone caused considerable e~~ension of flame and .in-
crease of pressure.. Shale dust on the side and c~oss .shelves im-
mediately outby the gas zone caused marked reduction in the flame
extension. Gas in the air current extended the flame of source
o . flame reached E1l25 and A1200 with 1.2 percent gas and E1125
a~d A1l50 with 2.2 pereent. The .extensions of flame beyond the
original gas zone -were 4.5 and 5.5 tunes the length thereof in theserespective cases. _. .

The Safetv in :NEnes Research Board of Great Britain has con-
ducted expei:Ünents on the projection of flame beyon~ the con~nes
of an explosive gas-air mixture in the l.aboratory ai~d in a steel tube
7.5 feet in diameter.3o There was no side opening in the tubes cor-
responding to the open cro~scut connecting the .main entry and air
cour~e in the Experimental nune. vVhen a mixture of about the
composition used in source.O was tested in t~e labor::tory apparatus
it was found that the proJected fi~,i~e was ~ 1.0 6 tin~es the length
of the gas rnixtl1re itsel~. The similar ratio of proJ~ction was 4
to 4.5 when the 7.5-foot.diametcr tube \vas used. The difference was
ascribed to loss of pressure at the shutter, \vhich confined the gas
mixture during preparation and which w~s w~thdrawIl thl'?ugh the
side of the gallery, the slide for it not being tight.. The still 

lower

ratios (3 to 3.5) obtained in tbe Expenmental mine are doubtless
due to branching of the passageway at the P?int wher.e the flame
issues from the space in which the gas mixture is confined:

P'ressure.-Typical pressure records at E1258. (th~ in~er edge
of the open crosscut) given by the three source~ of igniti.on :vit~ dust-
less zones outby are plotted in figure 4. The first indication of

~ 8
~g 11 :"''"'. .
~ 0 1 v \,fj'.
~-4
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:B'ioCREl 4.-Pressure records obtained at station E1258 from standard source of ignition.

aO llurgcss, M. J.. Fircdamp Explosions; The Projection of Flame, pt. I: Safety in
Mines Research Board Paper 27, i826, 14 pp.

Burgess, ~i. J., Firedamp Explosions; The Projection of Fiame, pt. II: Safety In
Mines Research Board Paper 42, 1928, 8 pp.

The record for source 0 is of an entirely different type. There is
no initic:l concussion, and the pressure rises gradually to about 2
pounds Just before fbuIle appears on the film record, then increases
sud.denly to about 16 pounds, and a vibratory period ensues during
whi.eh the. press.ure falls. A :tame of low actinic power is present
during this period. After this, the pressure falls irregularlv and
strong reflected waves appear. ",

The pressures shown in figure 4 travel as waves, and the records
are repeated on succeeding manometers with modifications caused by
attenuation of the waves as they travel. Source 0 produces nearly
as great a pressure at station E1150 as at E1258 which is doubtless
connected with the fact that flame comes within 2'5 feet of the former
station. Station E1258 'was constructed about the middle of the
present period, and the following statements apply. to pressures pro-
duced by source 0 and recorded at E1150. use of 3 Ümiters to start
the gas explosion instead of i resulted in a 4-pound i~crease in pres.

sure but no greater flame length. Mine-size coal dust in the zone with
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projection. of the dust from its resting place. It follows that the

source w!iich produces, most violent air movei-cpt and most rapid
changes in pressure will have greatest dust-raising power.

The ma-nometer curves of figure 4 are at present the only means
by which the .dust-~aising power of sour~es A, B, add 0 can be com-
pared. C.onsideratlOn may b~ directed first to the raising of dust
at th~ poiit wh~re primary ignition thereof occurs. With source
A this occurs ii the first 25 feet outby the cannon, 25 to 50 feet
iiby. the poiit where the manometer record was obtained. It
is evident that the dust is raised by the concussion accompanying
the blow-out shot, and this is represented by the first O.l second of
the manometer record.

Primary ig~itior; of dust in the test zone by sources Band 0
oc~urs at th~ Junetion of the main entry and the open crpsscut, the
ramt at ~VhlCh the ,nian?IDcter records were taken. \Vith source B,

tlame arr.ived at tIiis point 0.16 ~econd after the first pressure wave
JI the ail', and most of the disturbap~e duri,ng this perIod was
cau~ed by the canno? shot. The. ad~iti~nal d,isturbance occurring
dUl'ng the flame period would assist in dispersing the dust and .aid
the sprea~ of flame tIn:oughout the cross section of the entry. 'Vhen
~~urce 0 is used, the ~i.sturbance which preced~s the flame has little,
if any, greater dust-rising power than that which precedes the flame
of source B. Much greater dust-raising power resides in the front
of .the flame of sou~ce 0, and ~onditions are evidently much rnore
tav~~able to formation of a umforrn dust cloud at the mo-ment ofigmtion than when source B is used.

Cond~tions are altered after the pri~ary ignition of the dust under
test. 1he pres.sure waves recorded in figure 4 continue along the
passageways w~t~ the velocity of sound under the conditions then
and. there obtaining. If the dust mixture is' near the limit of ex-
pJosibility (as is the case in most tesLs), the flame suffers a check

a;id the pressure waves which accompanied it pass on ahead of it.
They then form the du~t cloud through which the flame wil travel
if. the dust is of explosive character, and it is evident that source d
ì-YIll form the best dust cloud and source A the poorest. Gravity
tends tü destroy the dust clüud continually but may be a negligible
factor, becau.se of the shortness of the time; there is no diréct ~ evi-
d~nce on this, however. One would expect it to be most effective
with source A and least effective with source O.
. The general conclusion is that the dust-raising power of source 0
is mu?h greater than that of soiir~e B whieh, in turn, is decidedly
supenor to that of source A. This conclusion is confirmed by the
results of the following tests.

TESTS OF MINE-SIZE PITTSBURGH COAL DUST, CONCENTRATION VARYING

rREYIOUH WORK

The. effect of var.ying the qi~antity of coal dust placed in the test
zone in the Exper.imcntal mine was investigated first in 1917.32
Standard propa.gation-test methods were used, and more tests were
made of pulverized dust than of other sizes. Explosibility or this

B2 Rice, George S., and others. work cited in footnote 0, pp. 213~217, and fig, 33, p. 205,

the gas caused no change in recorded pressure, but 2?O pounds of.
it immediately outby the gas zone caused an 8-pound increase. Up
to 2.2 percent gas in the air cu~re:it in a d,ustless zone beyond t~e

explosive mixture gave no eei'tam increase in pressure, 9:1though it
did extend the fiame. Shale dust placed on cross and side shelves
immediately outby the gas zone and in tho absence of coal du~t caused
a slight reduction in pressure but shortened the flame considerably.

Theoreticallv one might seck to measure the igniting power of .a
source by determining the weight of a given dust cloud that it
brought to ignition temperature in unit ti~e. S,uch ,measuremen~s
would be diffcult in any apparatus and are impossible I!l the Experi-
mental mine. They ,vould have to be ma~e ~t the point W,!ere the
source was igniting the dust cloud; that. 

is, ii; the lIner 2~ feet of
the main entry for source A and at the JunctIon of the main entry
and the open crosscut for ~ource~ B. ~nd O. Heat produced ~t .a
dista.nce from the actual point of ignition has an effect only a,s it is
transferred to or prevents escape of other heat from that po~nt by
conduction, convection, and radiation. :i'he. rate of production of
heat at the time the flame of the source impmges on the dust cloud
to be ignited is an important and, at present" unmeas~rable fact:or.
Total heat liberated ì-vill play some part, particularly in connection
with losses to surrounding walls.

'Vith certain assumptions it can be computed that the total heat
liberated by sources A, E, and 0 is 5,700, 290,000, and 2õO,OOO B.t.u.,

l'espectivelyY 'Vjth source A the .lDItial r~tc of liberation ot hea~
is high and probably decreases rapidly. vVith source B burning of
the coal dust will probably retard or prevent this dcc:rease and there
may be an increase finally. 'Vith source.O the in,itial. rate is. very
low, increases rapidly, and one can surmise that it Will be higher
than that of source B at the end of the flame travel through the
source of ignition, but there arc no definite da~a., ~n general, one
would expect that source. B had muc!: greater 19?iting 'poyv'cr than
source A and source C might be superior to B. Tests of Pittsburgh
coal dust (discussed below) have shown that highest cxplosibility
is found with source 0, slightly lower with source B, and co?sider-
ably lowe: with sour?e. 4. If o~e ~~n assume some connect.ion be-
tween limit of explosibility and igniting power of the sourc~ under
Experimental mine test conditions these results !LTe harmonious.

DUS'l'RAISIKG POWER

The ability of a source of ignition. to. form. a dust cloud .depends

on the disturhance created in the all' in which the dust 1S to be
dispersed. If the dust lies on a rigid surface it is moved either
bv violent eddying of the air close to it or by a chang~ in pJ.essnre
vihic:h permits expansion of the air in the dust layer, with resultant

:n The computation for source A is based on determ.inatio~is of the calorific value of
black blastiiig powder reported by Hall, Clarence, Snel1ing, \\', 0., and ,Howell. S. P., In-
vestigations of Explosives Used in Coal Mines; Bull. 19, Bureau of Muies, 1911, p. 17fL.rlhe value for source A is alsO basic for source B, to'which is.addc~ the heat producrd by
combustion of pittsburgh coal dust with all the oxygen con 

tamed in tile dead end of ~hc

main entry under normal temperature andprcssnre, the products being carbon dioxide
and water, 1"01' source a the combustion of an equal volume of oxygen by the natural
gas is assumed,
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co.al dust in this space plus whatever limestane dust was in the
ilixturbynfder test. These two .loadings are identical at 0.267 ounce

pcr cu lc oat. (1 paund per lmear faot). Carrelation af result,
was on the basis of concentration outby the dead end. S
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size increased rapidly to. a dust loading of 0.133 ounce per cubic
foot, at which point there was some indication of a maximum. Con-
cerning this, Bulletin 167 says on pagc 215:

It wil be noted iii flgur~ 33 that only with the pulverized dust (tOO-mesh
dust, 75 percent of which would pass through 2O~niesh) was propagation ob-
tained with an~' one loading of coal dm;t \vhere propagation could not be ob~
tained through the same coal-dust and shale-dust mixture with a different dis-
tribution. The instance referred to is the one in \vhich propagation was ob-
tained tlirough a inixture of 75 percent pulvcl'zeil shale dust and 25 percent
coal dust, distributed at the rate of i pound, 

of coal dust per foot, but was not
obtained through the same mixture with different weights of dust distributed.
Too much weight should not be attached to the one test in which an explosion
resulted, because propagation was not obtained through the same mixture with
nearly the same weight of coal dust distributed (114 pounds per foot) in several
tests with pul ycrized dust. Also in test 300, ,'lith one half pound of dust
distributed, propagation was almost obtained. 'lhercfore the liabilty of ob-
taining an explosion through mixtures of 75 percent shale dust and 25 percent
coal dust Îs probablY nearly the same ",ith dust distributions corresponùing to
rates of one half to 2 pounds of coal dust lXòt' foot.

The investigators of the SaÎety in J'1ines Research Board of Great
Britain conducted similar experiments with an English coal in a
steel gallery in 1929 and reported their findings in Paper 64.:-3 An
"optimum :: concentration Ha was found at ,vhich explosibility was
a maximum, but the decrease at higher concentrations ,vas not
large. Under the cooperative agre.ement these results were avail-
uble to the Bureau before they were published, and it was evident
that they shauld be confirmed by tcsts uiider the different coiiditions
existing in the Experimental mine. This work ,vas started in April
1930 and completed in April 1932, a total of 78 tests being made.

RESlJLTS AND DISOUSSION

groP~imdary rcsdu~ts 0tf thhe teste; are given in table 2. The tests arepe acc?r ing .0 t e s.ource of ignition used. "'l.thment d t subarrange-. . accor ing .0 lIlcreasina- quantity of dust p'rec;ent and incom-

bustible content of the mixtu~'e. ~
'l'ABLE 2.-'l'ests at mine-size Pittsburgh coal dust with

of ignition varying
1. INITIATION BY SOURCE Ci

TestXo.

Ig~u__ =:=::::::::::==1

g~~= =~~===: ::==

gti=::=::::=:-~n
1258_uu_ n_==nnnnnn_.__
1259_ _ ___~ nnnnnnn nn___
~~~::=:=:_:-n-n-n- _____.___

1262________ n_nnnnnn.-__

i~t=:::::::: __n______
1267

im~~:m~:',:: mumj
l~~:::::::::-==== nn__.__:::
~~~::::=:- ________n___::=

1276__u - n_n_nnn_____
128.'Lw____nn=-::::::--
1277__ nnn_n.___.

ARRANGE:\LENT OF TESTS

Mine-size coal dust was used, and the inert dust was limestone
containing 64 to 68 percent of minus 200-mesh materiaL. The con-
centration of coal dust was varied from the minimum that would
give an explosion with no admixed limestone to the maximum that
could be placed on the shelves. This maximum was 6 pounds of mixed
dust per linear foat (1.6 ounces per cubic foot), and the concentra-
tian af caal dust then depended on the proportion thcreof in the mix-
ture. The dust was divided equally between cross shelves, side
shelves, and the floor. The results were. correlated on the basis
of weight of coal dust pcr unit volume prescnt. One pound of dust
per linear foot equals 0.267 ounce per cubic foat or 267 grams per
cubic meter.

Complete series of tests were made with sources 0, B, and A.
,Vith source A there were two methods of placing the mixed dust in
the first 50 fcet outby the cannon, termed loadings 1 and 2. With
loading 1 the rate of distribution of dust in this space was twice
that used outby; with loading 2 thcre were always 100 pounds of

Quantity
or coal
dust

Oz, per
cu. ft.

O.LL10
.053
.057
.007
.067
.067
. O~O
.U9a
.113
.1:-3
.133
.160
.20
.200
.267
.267
.267
.267
.400
.400
.53:i
.fi:
.5:-31
.800'

1.0671
1.600

quantity and sources

ngth of flame 
easuredfrom

:E1300
Resul

try'IAircourse-
" Feet
225 300 NP.
200, 275 NP.
3M, :-25 NP.
275' 300 NP.
225 360 Np.
225 250 Np.
425 375 Np.
550 600 p.
425 60 Pl'.
275 600 1'1',
225 325 Np.
325 20 Np.
550 600 p.
250 400 Np.
5S0 600 p.
50 22E KP_
50 275 KP.
50 20 NP.
50 600 p.
75 225 NP.
.50 200 Pl'.
50 200 Np.
75 200 Np.
50 425 Pl'.
50 425 Pl'.
50 600 p.

Incom-
bustible
in mix-

ture

Maximuinpres-
~urc rromdust

Leil
t'

E950 I Ag;;-i En

.!~l.b,per I:--per-I-; Mj.in, sq. In. I. Fe, 3 33: 3;

nmmllmn..1131 3.0, I;,
17' Hi

~ · ¡I'
:611. ~5!3 31 33 2 23 2 14 4 53 3 3.5 4 53 3 33 3 2:: 3 522 9 562 5

Percent
7
7
7

11
4S
5a

7
7

53
67
72
"'
63
67
58,
~~ I

72
54
58
õO
55
63
41
3ß
10

2. INITIA'lON BY SOURCE B

125 O. 105 101 ßI 4 i

I

1238__m___==:=:::----_. .133
325 400 Pl'.g~:=:::::::::__---n 46: 2, 2

.133

III"''''!I'''''!

250 400 Pl'.
nn_n__ n____ .200

17 350 SP.

l~I========::=:==

nn___uuu .200
350 400 P.

.200
175 325 Np,

.. .u____ .267
17 200 NP.

1199_________ ----------._._---- .267
54 2ì 2 350 ! 400 p.

1216______
59! l' 1

1236__
"_U____ .333 59, 11 1 175 375 Np.

1215____
u. Un .400 54 3: 3 300 250 Np.

1235uu
nHu_H .400 511 I 1 350 400 p.

1287__u
u n__ _u___ .533 59 2 2 175 200 NP.

128____
___n___"._____ .667 53 1 2 325 400 Pl'.

128,'L_
nnn___u____ .733 58 2 2 350 400 p.

1286_ _ ~:-:::-=~= ----
..........:1 .800 54 3 2 125 150 NP.

n I .880 48 3 3 175 225
I

Np.

, Percentage of gas in dead end of
350 400 , p.

aa Mason, '1'. N., and \Vlieelcr, R. V., 'l'he Inflammation of Coal Dusts; The Effect of the
Presence of FIredamp: Safety in Mines Research Board of Great Britain Paper 64, 1931,
pp. 5-8."I- '-lhe term" concentration" of dUfit used in the British publication cited and as
employed In this bulletin means the amount of dust loaded or distributed per unit of
volume in the l'e~pective test. zone of the gallery or rnine entry. Not all this dust may
be in the air at th(~ moment of passage of name. The concentration of a dust mixture in
a given spai~e may be more or may Ill; less than is required for combination with ull the
ox~.gen of the air in that spacc under the pressure existing at the moment of explosive
combustioii.

percent; 12911..8.8 percent; 1271, 8.4 p:~~r:rnig6 ~af 9.0 ,to t9.5 II all excopt the following tests: 1254,8.
1 Abbreviations used: P., propagation.' pp' ., p~rcen ,. .

tioii; Pl., partial ignition; and NI., nonig~itioii~ parUal propagatwn; NP" nonpropagatio::¡ I., igIli.
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'l'A.LE 2.-Tests of mine-s'ize Pittsburgh CO(Û dust with quantity and sourcesof ignit.¡on VflTUiny-Continued

3. IXITIATlOX BY SOC'RC¡'; A, LOADING i 3

I i I" I LengUiolflame \
I. I. Miixiniurnprcs- I mea-uredlroil

I Quantity IncD.ro- sure from dust E1300I bustiblc I ResultTest No. of coiii inrrix-I ~~------
Idem I ture'~ 1 i I

I E!l50' Ag50! Entry IAirCourse

---- --I~I--\~p';-"I~II--I--
'i cu lt I Percent ~q. In. , sq. in. , Feet . Feetci iio (l 31----------1 225 4()O PI.1278u_____u_______________ "ZOO 17 2 3 350 I 400 i.

1297___________ --I :200 I 22 i 11 225 275 NI.
1296______________ -------1 207 22 7 7 350 I 400 i.
1292.____________'" un___ :2671 26 i l' 175 300!,I.
12íll____w______ - -~~:I .2671 :n 1 I 1 I 751 175 l\l.1200;___ - 267 35 i i, 100 125 NL.
1289'.. ____w__u__ - -"--I .4001 27 6' 51 350'1 400 i.
i~~~~~_-- _wi .400 32 11 1 175 250 NI.1305_____ _WP '5331 31 141 121 350 I 400 i.----I :5331 35 l' 21 350 400 i.1306.___ _H____U____ ---. 533 40 1 I 1 171 I 275 \ NL.
n~~~~~~~-_~~~~~~~~~. -- I : 667 I 27 30 I 22 I 350 400 I.
1301.__.._____________" .~~~~I .6671 32 1 I 1 I 175 \ 300 NI.

4. INITIATlOX BY SOUROE A, LOADIXG 2!

~~~~ -I o:~gg I ~~ i 9111-- 1 Ì~ ~~~ I ih.
~~~i~=-.~=~~~~~~ ~ " _.:..11 :~~ ~ i o ~~g i~ \' Ji.
1312__ __.__H__.__.__ .400 33 211 1 325 325

\ .400 38 \ 1 50 100 NI.
131~_____.___ .533 32 I 82~ I 3 350 400 i.
U?~~=~= ,533 ,381 1 100 175 I NI.
mt=~=~_. ________ _ _ _ ~=-.~i :~~~ ! ~~ Ii i~~ i~ i ~~.

~lt¡~~~~~~:~~:-~---- "- "~~~~;ii i~ \ II m.11~2;'\ ¡ ¡¡ï l~ \ 1:1322_________ ___ .933'1 43 1 125 1¿g1 i.
m~=~=w__-- _ ==~~~l t~~r ~~ I 3'1 19 i ~~~ \ 100 I i:
1319____u_____"._" _. _ __I 1.067 431 1 1. 100 1751

i :!ixed dust loaded to caiinon. Ooal dust in mixture in first 50 feet placed at double the rate used in
balance of zone and given iii second column. . .' 7

j This tcst Cflil tJe placed in either part 3 or 4 as the 2 methods of Joadiig arB identJcal at 0.26 ounce per
cU¡b~f~~à' dust luaded to cuiiIlon. Coal dust In rriixturo in first 50 feet placed at rate of 0.267 ounce per cubic

foot In all tests. J.iading outby given ii colulIn 2.

of which the result was partial propagation. It is possihle that
additional work would cause some alteration in the curve in this
range; one would expect the change to be toward higher explosi-
bility, but it appears unlikely that the increase would be more than
5 percent incombustible at a concentration of 1.0 ounce.

The results obtained in the early stages of this work raised the
hope that the straight-line decrease in explosibility would continue
until the composition of pure coal dust \vas reached, and test 1277

was made with pure coal dust placed at the rate of 1.6 ounces to
determine the matter. A violent explosion resulted, and the curve
evidently lay much higher at this concentration, but the subsequent
determination oT its position could not be carried beyond 1.067 ounces

QUANTITY OF COAL DUST PLACED PER LINEAR FOOT OF ENTRY, POUNDS05 10 15 20 25 30 35 40 45
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LI MJTS OF EXPi.oSIBILI'lY

Those tests in table 2 which are of primary importance in deter.
mining limits of explosibility are plotted in figure 5, and curves are
drawn for the three sources. . . . . .

Source a.-With source a the lower limit of explosihility of pure
mine-size coal dust lies between 0.080 and 0.093 ounce per cubic
foot, and 0.081) ounce may be. taken as a fair aver.age value: The
curve rises rapidly to a maximum oT 67 percent incombust~ble at
0.125 ounce, and this is closely the quantity of coal dust required to

consume all the oxygen oÎ the air to carbon dioxide and ~ater, the
air being taken at normal ternpe~'at~re a:id pressur:e. I, ollowing
this, there is a linear fall of explo~lbility with inc~ea.sing concentra-

tion to about 0.5 ounce, after \vhich the rate of fall decreases nnd
the curve tends to become horizontaL. Beyond 0.5 ounce the curve
is determ.ined entirely by three tests, nos. 1274, 1276. and 1283, in all

o,~ Q40 QOO 0,80 1.00 1.~
QUANTITY OF COAL DUST PLACED. OUNCES PER CUBIC FOOT OR GRAMS PER LITER

IflGCRE fj,-Limiting curves of cxplosibility of mine-size Pittsburgh coal dust in relation to
quantit~' present, initiation by sources C, B, and Á.

o

hecause the requisite quantity of dust could not be placed on the
shelves. It arpears improhahle that the curve will show any addi-
fHVt1al fall oT importance at higher concentrations.

(Yrce B.:-With source B the. lowcr limit of explosihility of pure
.û-size Pittsburgh coal dust iS about 0.105 ounce, an increase of
iercentover that obtained with source C. The curve rises rapidly
i~St but has a long, fiat top in contradistinction to the sharp peak
LIned with source C. :Tfaximum explosibility has been placed at
ounce in deference to the result (partial propagation) of test

5. From the practical ~tandp?i?t the variation in explosibility
veen 0.3 and 0.6 ounce is neglig1ble. Beyond 0.6 ounce explosi-
sy decreases considerably but evidently tends to become constant
.igh concentrations.
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Source A.-A single curve has bcen drawn for both loadings 1
and 2 of source A. up to a concentration of 0.53 ounce. Strictly there

should be two curves, but their maximum divergence is, about 3
percent incombustible and not more than the error of duplicate
experiments when this source is used. An average curve is justified
under these conditions. The lower limit of cxplosibility of pure
mine~size pittsburgh coal dust is about 0.120 ounce, or 40 percent
greater than was obtained -with source C. Beyond a concentration
of 0.53 ounce the curves for loadings 1 and 2 diverge sharply. The
curve tor loading 1 falls. This is ascribed to the retarding or " su-
perdusting" elleet of the large quantity of dust immediately in
front of the cannon as discussed in Bulletin 167, page 95. It is
probable that this curve will bend and become horizontal, but ex-
periments to prove it could not be made as the requisite quantity of
dust could not be placed.

The curVe for loading :2 continues to rise at least to a concentra~
tion of 1.0 ounce and may continue to rise for higher concentrations,
but larger quantities oÎ dust could not be used. Comparison of the
curves for loadings 1 and 2 makes it evident that the quantity of
dust immediately in front of the cannon is an important factor when
source A is used.

CO:MPAinSO~ OF LIMITS

is for source B, but for source A there may be some doubt. This
a~plies w~thin the length of the test zones used in the Experimental
mi:ic, wtiich are short enough to prevent gravity greatly inter-
fering With the dust cloud produced by the pressure waves originated
by the: source of igmtlOn and traveling ahead of the flame of the
efllosion. Here again source 0 will be least and source A most
a eeted. .One can 'post.ulate a case, such as evidently occurs in
an extensive explosion in a commercial mine in which th'II' ' 1 th t h .. i d ' e zones~ e .so. ong ate ongina ust cloud in the outer portions thereof
is dissipated before the flame arrives and the explosion form~ its own
dust clou~ ':S it ad~ances. In s~c.h, an instance the concentration
of dust giving ~aximum explosibihty in any zone would depend
o~ the dust-r~lsi!l~ power of the explosion itself in that zone and
t e soi;r.ce of ignition would have no influence. '

19ni~ing power:.--If 9ne assumes constant conditions of dust-cloud

f'frmatlOn an~ dissipatlOn of heat to the surroundings the quantity
o. nicombustible dust required in a mixture to prevent ro a -
tlOn of a c~al-~ust explosion wil depend largely on thl rlte g:t
which heat is liberated by combustion of the èoal dust Th' d
l'ves from the fact that the incombustible acts prima~ily t~ a~=
sorb this heat and reducc the temperature below the igniting oint
of the coa(l dust. . It follows that the amount of incombustiblePdust
required which .is taken as a measure of explosibility) wil be re-
~~ted t¡ the igmting power .of the source of ignition, at least in

.e ear y stages ~f an explosiori, for an increase in ignitinower
will be accoIIp~Ilied by an increase in the rate of libei-ation g of heat
from the burning coal dust, and more incombustible dust must
t~en bi used to absorb this heat and prevent continued propaga-
tion. t was stated above that one would expect source (/ to have
the great':st and source A the least igniting power. The curves
of figure ~ agr~e With this; the maximum limits of inflammabilit
for mme-SiZe Pittsburl.h coal dust are 67 5" and 41 perc. t' y
I t'bl . l' , 0, . en mcom-JUS 1 e, respectiveiy, or sources C, B, and A.

It may be argued that the foregoing hypothesis can hold onl in
the neighborhood of the point wbere the coal dust is actually ign1ted
and beyond that reglOn the explosion would develop an igniting
po~er of its own. T.~e maximum explosibilities shown b 7 fì ure
5 could not then be directly related to the i!"iiting powe; olthe
sources, for they arc detCl'Ilined in part by the flame traveling t

Uie ends 0,£ the test zeme, a distance 3.5 to 4.4 times the length of.arne obta.ir~d rrorn sources Band C in dustle~s zones. In 0 osi-

van to,- tIns it !nay be reasoned that continuation of the explcfsion(hPend~ on mainteri~nc~ ?f a temperature equal to or greater than
t e tempera.ture of igmtion of the coal dust under test. liainte-
ninee df thiS temperature may be the result of either a high rate
o. pro -lction and absorption of heat by the dust present at an
g:ven point or ~f a low r:ite of production and absorption. In othe~
~ords, th~re might be vigorous combustion in the presence of con-
siderable ii.combustible m.aterial or \veak combustion in the l'csence
of propol'tlOnately less incombustible material With co~ditions
nearly balanced, as they are "\"hen the limit of explosibility is a -
proiched, the. rate of combustion initiated by the source of ignitic3n
COLl d be continued over a zone of considerable length under fairly

D'Uçt-raising pOiDer.-The wide variations in cxplosibility shown
by the curves of figure 5 are evidently connected with the igniting
and dust-raising pO\yers of the sources of ignition used, as there
were no other variables in the test work as plotted. Assuming a
dust cloud of uniform and unchanging concentration during an
explosion onc ,v(mld expect a lower limit 01 inflammability of pure
dust, maximum explosibility at or near the concentration of coal
dust using all the oxygen of the air, and continued decrease in ex-
plosibility as larger quantities of dust were introduced. The last
follows from tbe fact that the excess coal dust would absorb heat.
Theoretically there should be an upper us well as a lower lirrit of
explosibility for pure coal dust. The curve for source U agrees
with the above theory up to a concentration of 0.5 ounce. Beyond
this point one can assnme that the sout'ce can no longer disperse
properly all the dust present, and the quantity that is effective ap-
proaches a constant value. The lesser dust-raising powers of sources
B and A are eyident from the fad that 4 and 8 times as much dust
must be present, respectively, to give maximum explosibility. The
quantity of oxygen in the air is the governing factor, and one IIay
postulate that at maximum explosibi1ity 34 the quantity of dust
actually in the air is approximately the same for all three sources;
that is, the total quantity of coal dust required to be present to give
maximum explosibility is an inverse function of the dust~raising
power of the source of ignition.

The above holds only as long as the dust.-raising power of the
fiource of ignition predominates over that of the explosion itself.
V\Then dust mixtures that are near the limit of explosibility are
used, this condition is certainly fulfilled for souree 0, and probably

3. It should be remembered that" maximum explosiliilty" refers to the capacity of thu
dust to propagate an explosion and not to the maximum violence that it caii cause in an
explosion. 'l'he two are nut necessarily related.



24 EXPLOSION TES'lS IN EXPERIMENTAI~ MINE, 1925-32

TESTS OJ!' DIFFERENT SOURCES OF IGNITION 25

It is desirable to have as uniform dust-cloud conditi~r:s as possi-

ble when the effect of different factors, such as compo~ition, on the
explosibility of coal dust is being studied" Source C is the best of
the three from the standpoint. of formati~m of a dust. cl?ud and
consequently is preferable from the expcrimental standpoint:. rts
high ignitiua pO"vcr will be of value when coals of low explosibility
are studied,'\ut it may fail to reveal. ~lifferences ~etween ~oa~s. of
high explosibility that w?~l~ appear if a s,üulce W~tll les!" igniting
po-\ver is used. The gas-initiated prOi?agation test in :vhich S0i.rce
C is used has the disadvantage of bei!lg more e::pcnsive and time
consuming than the standard propagation test using sour~e B.. "

Mason and vVheele1'35 found that ~he dust-c~oU(l density giving
maximum explosibility varied considerably fr~mi coal. to ,?oal.
Eleven British coals gave" optimum" concentl'atioi;s ranging Ilom
0.11 to 0.6 ounce under their test conùiti0r;s. nntil recently there
was no evidence on the matter from Expenn:ent~l ;mine te:sts
beyond some scattered results \vith source C "\yl:i?h indicated .that
the range of concentration for maximum explosibilit.y was not lik?ly
to be large with that source. It maY,be expected,to be, larger vnth
sources Band A. It is evident that this concentratioii will h~~e to be
determined with fail' accuracy when source C is us.ed. I~e flat
top on the curve for source B (f~g. ~) ,vill'make it pos~ible, t~)
estimate a satisfactory concentration il: mal"Y cases:. It appeiiis
that source A is not suitable for compUl'lIg wit.h precision th~ ri:1a-
tive explosibilities of different ~oal ,dusts, an~ its. usefulness is li:n-
ited to the cases where there is clued applicatlOn. to. ?ommercial
mines, as, for example, wh~re there is ~ hazar?- of ignit~ng fresh~y
made coarse coal du:st at a face 01' madune cuttings containing much
high-ash impurity.

Al'PLICA.TION TO COM~IERCIAL Mll.ES

The percentage of incombustible l:aterial that should be main-
tained in the dust in commercial ~ines evidently depends on the
maximum source of ignition that is likely to occ,ur, as wel\ ~s on the
relative explosibility of the coal dust and other,factors. 'lhis source
cannot be predicted with accuracy in many lI~stances, bllt results
obtained in gas-initiated propagation tests are directly ap~licable to
mines in wÌiieh large amounts of methane are liberated. ~as explo-
sions in such mines are not likely to be morc severe than with source
o where gas is not permitted to accumulate as the result of neglected
v~ntilation. Hock dusting cannot be made adequu:te t? cope with t~e
explosion of large bodies of gas whose accllmulation 1S due to negli-gence in many instances.. 1

If a mine is nongassy or only slight1y gassy the most probab e
sources of ignition of coal dust are electnc a~cs and e~plc:sive~.
Standard pl'ópagation ~nd igri~tion tests have direct a~plic&t~on :f
black blasting powder is used in granular, pellet, or stick fOlmi if

APPLICATIOK TO TI';S'l' \VORK

blasting" off the solid" is practiced, or if permissible explosives

are not permissibly used. In test work, the employment of pul-
verized Pittsburgh coal dust in the first 50 feet from the cannon can
be considered equivalent to a longer zone of less explosive dust in
some cases, and more exact information can be obtained by substitut-
ing dust from the particular mine for it, as has been done recently
in several series of tests of coals from different beds.

If a nongassy mine uses permissible explosives the most probable
caUse of ignition of coal dust is an electric arc. A preformed dust
cloud is required, and the necessary conditions have received only
meager study to datei as noted below. Doubtless one could devise a
source of ignition, using an electric arc and pure coal dust, which
would give limits of explosibility comparable with those obtained in
standard propagation tests. Considerable additional testing must be
done before definite data are in hand.

Finally it must be kept in mind that under no conditions can the
decrease in explosibility caused by the presence in mine passages of
large quantities of coal dust per unit volume be relied on in deter-
mining t4-e quantity of incombustible material that must be main-
tained in mine dust. The curves of figure 5 show that this decrease
depends entirely on the conditions under which the explosion origi-
nates, and it is impossible to foretell these conditions in any mine.
Rock dusting must be done with the idea of taking care of the worst
conditions that are likely to occur.

It may be, howeveri that the information obtained in this investi-
gation will assist in some instances in explaining the fact that explo-
sions sometimes die out when they might be expected to continue.

MINIMUM GAS EXPLOSION REQUIRED TO IGNITE PURE COAL DUST

A question heard frequently among mining men is: ""Vhat is the
smallest quantity of gas tbat, if ignited, will start a coal-dust ex-

plosion 1" It is evident from the work discussed above that this quan-

tity will depend chiefly on the power of the gas explosion to form 
and

ignite a suffciently dense coal-dust cloud. The quantity, distribu-
t.ion, sizei and composition of the coal dust in the cloud present will
also be contributing factors. The strength of the gas explosion wil
depend primarily on its volume, the percentage of gas present, the
thoroughness with which the gas and air are mixed, and thc point at
which the mixture is ignited .with reference to the confining walls.

As a guide to tests made in the Experimental mine in 1930 the
above question '..'as restated as follows: "What is the minimum vol-
ume of natural gas and airi uniformly mixed in propcr proportions
and ignited at the propel' point to giye maximum dust raising and
igniting power, that wil form and ignite a cloud of pulverized Pitts-
burgh coal dust placed in a manner most favorable to formation of a
cloud in air 1" Determinations made in. accordance with these re-
strictions gave as nearly a true minimum as can be obtained under
ordinary mining conditions. The minimum volume of gas found in
these tests is smaller than is likely to cause an ignition of coal dust
in a commercial mine because in such a mine conditions will usually
be less favorable to an explosion occurring as regards distribution
of dust and thoroughness of mixture of gas and air. Because of this
the tests were extended to obtain further information on these points.

constant conditions of surroundings, and a relation between explosi~
bTt of the dust and igniting power of the source would be found.
'r;e y results in figure 5 favor this hypotbesis rather than that
preceding.

3õ Mason, .r. N., and 'Vheeler, R. V., work cited in footnote :~3, p. 8.
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V olwme of gas miæture, 304 CWO';" fect.-This volume was used iii

6 tests. Flame extended 33 feet from the face in the ahsenee of dust
in test 1154. Addition of 25 pounds of coal dust on 5 movahle cross
shelves extended the flame 10 feet in tcst 1155, but the ignition was

evidently poor. Further addition of 25 POUIl~q of coal dust on 5
fixed cross shelves immediately outby the- movable ones gave no
additional length of flame in test 1156. In test 1157 there were 50
pounds of coal dust on 10 movable shelves aud 25 pounds on fixed
side shelves; a strong ignition was obtained which would have
developed into a self-sustained explosion had the necessary dust
heen present. The relative distrihution of dust used in test 1157
was retained in test 1158, but the total quantity was reduced to 50
pounds, and a poor ignition was obtained. Test 1159 duplicated
1157, and strong ignition was obtained again. It was evident that
the quantity and arrangement of coal dust used in tests 1157 and 1159
were satisfactory, and they were kept unchanged in all following
tests in which dust was. used.

V olumie of ,qas mirvture, 223 and 146 cuoi" feet.-The above tests
indicated that the volume of gas-air mixture used might be reduced.
Volumes of 223 and 146 cuhic feet were used in tests 1160 and 1161,
respectively, and strong ignitions were obtained in both cases. There
was no doubt that self-sustained coal-dust explosions would have
developed had the necessary dust been present beyond the portion
of the test zone used.

Volume of gas mixture, 101 cub-¿c feet.-This volume was used with
no dust present ín tests 1163 and 1164. The former test is disre-
garded because the percentage of gas was too high. In the latter
flame did not extend much beyond the confines of the gas mixture
itself. Coal dust placed outby this volume was not ignited in tests
1165 and 1166. The pressure developed hy the gas explosion was
insuffcient to overturn the movable shelves.

Effect of cutioru release of pre88Ure.-Test 1161 showed that 146
cubic feet of a 9~percent gas~air mixture could cause ignition of the
coal dust under the conditions used. In this test the burning gas
could expand outward only, and it was possible that expansion in a
second direction would have an adverse effect on ignition. The sand
filling was removed and a paper diaphragm substituted for its upper
surface in tests 1167 and 1168. Rupture of this diaphragm per-
mitted expansion downward as well as outward. The dust was not
ignited in test 1167, and the ignition in test 1168 was very feeble.
The additional release caused a, decrease in the dust-raising power
of the gas explosion.

The volume of gas-air mixture whose explosion is required to ignite
fine bituminoiis coal dust is sinaii~ so small that it is liable to be con-
sidered a negli6rible hazard by many mining men. As the gas was 9
percent of the mixtul'e~ only 13 cubic feet were present in test 1161.

This quantity 0:£ gas can be confined at atmospheric pressure in a
cubical box 2 feet 41/2 inches on a side. The mixture itself would
occupy little 'space in a mine entry. If a 12-foot entry is driven to
the rise on a grade of 1 in 10, a mixture 19 inches deep at the face and
tailing out on a level line has a volume of 150 cubic feet.

In the above tests the dust was placed in positions most favorable
to formation of a cloud thereof by a disturbance in the air, and

DUST ON MOVABLE SHE.NES, UXIFORM GAS~AIR MIX'l'URE

Arrangements used in this gronp of tests are shown in figure 6.
The gas-air mixture contained 9 to 10 percent gas in most tests and
was confied by a paper diaphragm placed 6 feet from the face of
the main entry. vVhen a smaller volume was. w~nted the space w~s
partly filled with sand. The mixture was ignited by an electric

#- Po.t.upportingigniter, Rib _.Croosshelv€o holding dt:st

RIb -00'- PLAN

Paper diaphragm attached to a light frame
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FiGURE 6.~AlrUiigemeDt of gas ~one ana dust ~bcl.vcs .J? tes~s to determiiie minimumgas explosion requin~d to ignite coai du"t.
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black powder igniter placed iiidway between roof and floor 6 inches
from the face. Pulverized Pittsburgh coal dust was placed mainly
on cross shelves so arranged that they would be upset ?y the giis
explosion. In some tests üne third, of the dust w~s on. fixed l~ngi-
tiidinal side shelves. The results of the tests arc given ir table 3.
TAELE 3.-Tests to determine mÙumum quantity of unifonn n:lt:¿rai ga,s-air

miwture required to 'raise piiiverized Pittsburgh. c.oal dust and in'/tia.te a, self~
sustained expW'8ion under most favwable vonditionsI i I

I I. Quantity of coai I Maximum pres- \ Length of flamedust i sures I Could
II voi. 1---1--+--1---1-11. di~~i':;.ume of Beyond coal . plosionTest no. I g" 1 Great I dust 1 become
zono 1 OD mov- On fixed r. ,est ex I self sus-abiecross sido E12i8 I ElluO ten- I I tamed'

I shelves shelves SlOn E t, I Cross ii .n Y cutI ______1_1-_1-1-,
1- I I Lb, p" I Lb, p" I I 1 1
'Cu3£t4 pf-u:;i.. p~~i:. 1__Sq. in. -i_~~~ í~~__. Fcei31__~e~~__ __~e_e~J

11Mud _________1 3M 25 None. _1____w_J 431 121_______1 ~o.1165__ -- ___ __--I a04 i50 No~c. 0.2; 0 ~ I 13 01-----.---1 Ì'0:
1155______ - 304 50 25 1.,31 2.( 831 8 33 'les.1157. _ -I 304 33 17 1 0 3.0 I 58 ~ ,0. 1'0.1158__ -I 301 liD 25 1.0 'i 3.0 gO I 331 3~ i Ycs.
1159___ _u - 223 ,'jO 25 1.,~ 4.0 90 ~3 33, Yes1150_ u =1 146 50 25 1.2. 3.31 99. 331 331 Yes.
gi~=________ - _ 101 ~onc. None. i ,31 1.0 1~ 1 --.-----==========----

H~~~:::::-- :11, m ~onïg "oni! I:Ju nii iri. -g8'-I',--- g II ~~:
m~- _.____ :,: i¡~ ~g 2.) 1-------.-3-1,-- :9- 38 I 0, No.

t There was 9 to 10 percent gas in the mixture except in thelollowing tests: 1159,7.4 percent; 1163,12.8 per-
cent. 116ß, 8.6 percent; lHi7, 8.7 percent.

j i'n this test only first õ shelves were movable; otl:,"rs were fixed,
¡ See text for alteration iii arrangement of ~as zone II thiS test,
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were thoroughly mixed. The following tests were ~ade to. ?btain
information on what may be expected -when the gas is stratified or
in a layer close to the roof. .

DUST ON MOVABLE SHEL"--S, BODY OF GAS AT ROOl'

Tests 1169 to 1180 were made to study explosions of strata of. gas
close to the roof. Such conditions are found where gas issue~ fro;m

the roof faster than it can diffuse in the quiet air of a heading in
advance of ventilation. All tests were conducted in the dead end of
the main entry and'the pulverized Pittsburgh coal dust, when used,
was on rnovabl~ cross shelves as shown ir~ figure 6.. Natural gas was
ndmitted at low velocity from a 3-inch-diumeter I?ipe placed close to
the roof at the face; this minimized the effect of turbulence .cau.sed

by the movement of the gas. Igniti0f! was by a bl~ck powder i~i~iter
so arranged that burning powder grains were proJected upward into
the gas from a point ahout 2 feet above the floor and close to the
face unless otherwise noted.

29

equally favorable conditions for starting an explosion will not be
met frequently in mines unless there is some secondary dust-raising
power such as might come from l1 fall of roof. The following tests
were made to determine the minimum amount of gas-air mixture
required when a dust cloud is formed less readily.

D1;ST ON FIXED SHELVES, UNIFOR)-:I GAS-AIR MIXTUE

In tests 1194 and 119:3. 300 cubi" feet of gas mixture were confined
and jO,.nited at the face ás sho\vn in figure- 6. One hundred and fifty
pounds of pul vel'ized Pittsburgh coal dust 'vere distributed on fixed
cross and side shel ves to E1200 and A1250. In test 1194 the first cross
shelf ,vas about 50 feet from the face. Fla.me traveled through the
coal dust but was extinguished immediately outby by mixed dust
containing about 60 percent incombustible materiaL. In te.',:;t 1195
a.dditional cross shelves were placed nearer the face, but results were
unchanged.

The volwne of gas-air mixture was increased to 500 cubic feet in
tests 1196 and 1197 by placing the diaphragm 10 feet from the face.
Pulverized coal dust was distributed to E1150 and A1200 in test 1196,
with equal division between cross shelves, side shelves, and floor.
Outby this was a mixture containing 60 percent incombustible. A
stronO' explosion rc.9ulted, and flame extended 600 and 800 feet beyond
the e;ds of the pure coal-dust zone in the entry and air course, respec-

tivelv.
Test 1197, on April 23, 1930, was a demonstration for the chief

mine inspectors of Pennsylvania, 'Vest Virginia, Ohio, and Illinois.
The gas and pure coal-dust zones were the same as in 1196. Outby
the pure coal dust therc was placed to E950 and A950 a mixture
containing approximately 54 percent incombustible mate-riaL. A
strong explosion extending throughout the main entry was obtained;
and flame was projected from the entry portal. In the air course
it died out ahout 350 feet from the portal, probahly hecause of
release of pressure from behind the flame in nos. 1 and 2 left butt
entries.

Tests 1194 and 1195 showed that explosion of 300 cuhic feet of a
9 percent gas-air mixture was suffcient to ignite pure coal dust on
fixed shelves simulating mine timbers, but the explosion did not gain
cnouO'h strength in a distance of 200 feet to procecd through dust
containing considerable incombustible materiaL. Nevertheless, it
might have developed strongly had there heen a zone of pure coal
dust 2 or 3 times as long. Increasing the volume of gas mixture
to 500 cubic feet in tests 1196 and 1197 resulted in an explosion
which traveled long distances through a mixture which contained
60 percent incombustible and was apparently capable of traveling
indefinitely in a mixture containing 54 percent. The volume of gas
required to initiate an explosion in pure fine coal dust was 2 to
3 times as great when the du~t was on fixed shelves as when on
shelves that could be overturned but was still not a large body-
onl:¡ 10 feet long-when judged from the standpoint of the average
mmmg man.

The gas conditions in these tests were as severe as can be obtained
in a siriiilar volume of gas in a conunercial mine, as the gas and air
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FIGURE 7,-Arrangement of pockets in roof for holding gas in tests 1171 to 1180-.

1261ì 1265 1270 1300 1305 1310

Gas eæplosions with no dust present.- There was no dust on the
shelves in the first five tests. In nos. 1169 and 1170 a pap~r dia-
phra"m 10 feet from the face held all the gas in the space so enclosed.
In t:St 1169 the explosion of 25. cnhic feet of gas tore loo~e and
charred the diaphragm and prOjected flame 7 feet hcyond it, but
there was insuffcient force to upset any empty shelves. The ex-
plosion of 50 cnhic feet of gas in test 1170 projected flame 27 feet
beyond the diaphragm, hut again no shelves were upset.

The method of confining the gas was then changed to that
shown in figure 7, a system designed t? simulate the effect of timber
sets at 5- foot intervals along a heading. Boards placed on edge
were fitted to the roof to form pockcts, after which they were plas-
tered so that gas could pass from. one ,pocket to another only by
flow in" under them. Gas was admItted 1l pocket 1 (see flg. 7) and
allowed to spread freely ¡ ignition was in this pocket. unless ,other-
wise noted. Twenty cubic feet of gas gave 28 feet of flame .in t.est
1171 and 50 cuhic feet gave a maximnm of 38 feet of flame in tests
1172'and 1173. None of the empty shelves were upset in these tests.

OM eæplosions with coal dust present.-Coal dust was placed on
the shelves heginning with test 1174, in which 50 euhie feet of gas
gave 38 feet of flame and shelves 5 and 7 (numbered rrom the inner
end) were upset without ignition of the dnst following. Seventy-

174513-33.3
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five cubic feet of gas gave 33 feet of flame in tests 1175 and 1176

without producing enough force to upset a shelf. A paper dia-
phragm was then placed at the outer end of pocket 8 to prevent a
suspected ;scape of gas therefrom. Use of 80 cubic feet of gas in
tests 1177 and 1178 gave results no different from those obtained in
1175 and 1176. The quantity of gas was increased to 170 cubic feet
in test 1179, and 58 fee.t of flame resulted, but again no shelves were
urset. Test 1180 duphcated 1179, except that ignition was at pocket

7, results wero the .sanic a~ in 1179. Approximately 10 minutes
~lapsed behvecn admission of the last of the gas and ignition thereof
in all these tests.

Di8tr:bu~ion of .aas.-Interspersed with these .tests wero several
deterrrllIlations of ~he percentage of gas in the pockets. The desired
q"?antity w:is a?ffitted, and samples were taken immediately at the
highest point in each pocket by the vacuum-bottle method. The
pockets were the~ ventilated and a fresh quantity of gas admitted
before a~ explosion test was made. The analyses of three sets of
samples follow:

Summary.-Shelves were upset in only one test with stratified
gas, and then the dust was not ignited. The maximum quantity of
~as used was ia t~me~ that needed in a .un.iform mixture with air to
initiate an explosion in the same dust similarly placed. The results
of tests so far made are entirely inconclusive and show the need of
thorough investigation of the spread of gas. issuing. as Üom a dril
hole a machine. overcut or shear, or a roof slip, and its mixture with
air ~s promoted by diffusion, convection, and eddy currents caused
by movements of men or machinery. This information is needed as
a foundation for a study of the igniting and dust-raising powers of
explosions of nonuniform mixtures of gas and air under conditions
akin to those liable to be found in commercial mines.

ELECTRIC ARCS AS SOURCES OF IGNITION OF COAL DUST

~fany disastrous coal-dust explosions in mines in the "United States
have started from direct ignition of " cloud of coal dust by an elec-
tric arc in fresh intake air. In some of these instances the dust cloud

Gas in pockets, percent
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Seventy-five cubic feet of ,¡¡as filled the first 4 or 5 pockets to or

above the explosive range. lhe sample from pocket 4 in the second
set .IS probably in error for some unknown reason. Lse of 170
cubic feet filled "ll the pocket, similarly except the last.

Ad~itlOnal sample.s were taken to show the variation in quantity
of gas present at different distances from the roof in and under
pocket 2. The results follow:

Floor
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Frau-uJ B.-Arrangement of first
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device for demonstratin~ ignition of coal dust by an
electric arc.

Ir

was produced by wreckage of a trip of cars which, in turn, threw
down timbers; in others there was derangement of some other coal-
carrying device. The arc came from a trolley wire or power cable
that was cut or short-circuited by contact with " steel pit-car body
or car irons. Ifundreds of lives have been lost in these disasters.
Their frequency is increasing, yet some mining men were skeptical
of the possibility of such a thing happening, especially in fresh in-
take "ir, and this led to the development in 1925 of a device by which
such an ignition could be demonstrated.

Variation In (l'iwntd'v at gas vertIcallv, percent
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FInSl' DEMOXSTHATION DEVICE

Disianceiromrooi,'1iiidies .-~. I
1 This poInt level wIth lower edge 01 boards forming the pocket.

The first set showed an explosive mixture 4 inches below the bot-
tom of the. pocket, .and the second set was taken to see how much
farther downward it extended. The results did not agree, and the
Hurd se~ was ta~cn. Evidently the flow of gas was erratic, as most
of the air was displ"ced from the pocket but at and below the lower
edge thereof there were wide variations'.

These demonstrations were carried out in the entry pit mouth,
and the method used is ilustrated in figure 8. The air pipe in the
corner of the shelf was 1 inch in- size, and n .inch holes were bored
in it at 6-inch intervals. Admission of compressed air to the pipe
blew a cloud of pulverized ?ittsburgh coal dust onto the arc formed
by an arc lamp of the type formerly nsed for street lighting. The
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protecting glasses were removed, and the dust cloud came in direct
contact vi'th the arci which carried 6.5 amperes with a potential drop
of 65 volts across the carbons.

Ignition of the dust could be observed either from outside the
mine or from a point 50 or more feet to the rear of the shelf. In
the latter case, safety of the observers was assured by rock dust in
the entry. and by having a strong current of air moving past the
shelf holding the coal dust and out the entry portal, as the ignition
was too close thereto to allow the burning dust cloud to travel in-
ward. A spectator saw the arc obscured momentarily hy the dust
cloud; then flame started from it and spread through the cloud
rapidly, rushing to the portal and expanding in the open air. Fail-
ures of ignition were exceptional when high-volatile coal dust was
used and could he traced to improper functioning of the apparatus.
A few trials of a low-volatile hituminous coal indicated that this
particular arc was not suffcient to caUSe ignition thereoT. Of course,

Dust on fixed shelf only.-The primary data of seven tests in this
group are given in table 4.

i'ABLJ~ 4,-Results of tests irL which varying. quantit'ics of coal dust Wß1"e blo-um
onto an eleot'no aro

Test no.

I
i

Quantity I Length
of dust offiame
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per square inch Time

taken
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5 20 .11 .5 _un_____

118L__________________________________________
1182_nm___
1183______________________
1184_______ un___________.
1185_____________________
1186__________ u______________________________
1187_____________________

h Position of arc Rib Cros.ahelveshcililngdust

;,
110, 3' 5.

I 5".: §

g

l r

A strong ignition was obtained with 100 P?unds of coal dust, and
reduction to 50 'pounds caused no. decrease. in the leng:th of flame,
slight decrease in pressure, and increase in the velocity of flame
travel. Further reduction to 25 pounds shortened the flame ahout
one third, but the pressure wi:s closclJ: the same as -yith r 100 I?ounds

of dust and the flame velocity was increased again. rhe instru-
ments failed to operate in the first test with 10 P?unds of dus.t

(no. 1184), and the two following tests were duplica~ thereof.
Pressure was reduced considerably, and flame length vaned some-
what; in test 1185 the foil 50 feet from the arc was not fused.
The velocity in test 1186 was much lower than ir any of the pre-ceding tests. . t;

A aood inflammation was obtained in test 1187 with only" pounds
of d~st, but ignition was not obtained in two su"lsequent tria~s.
Evidently a dense enough part of the dust cloud did not come In
contact with the arc.
lt will be noted that the pressure 150 feet from the arc and

50 to 100 feet beyond the end of the flame was greater than at a
point 50 feet from the arc and in the flame of some of the tests.
The burning coal dust sent out a contmuous series of pressure waves,
and under the conditions of these tests the later ones traveled faster
and overtook those that preceded. There resulted a single wave of
higher pressure and steeper front. In a commerc~al m~ne s?ch
a wave might hlow out doors or break down stoppir.gs at poir!Is
considerably in advance of the end of th.e flame, provided that its
pressure was not relieved by expansion into side entnes or other
open spaces.

Add-iional dust on movable or fixed she1Æes outby.-Tests 1188 to
1190 were made to determine if a self -sustained explosion could
develop from an inflammation of 10 pounds of coal dust such as
occurred in tests 1184 to 1186. In test 1188, 50 pounds of coal
dust were placed on the movahle shelves, and flame extended about
35 feet beyond the last shelf; pressures were twice as great as
in test 1186. In test 1189 an equal amount of dust was ~m the fixed
side shelves and the floor only, a condition more similar to that

¡g'
.,,

Side she!ves holdig dußt.

Floor

ELEVATION
Fiaumi g.-Arrangement ot arc lump and dust shelves. at face of main entry.

this arc is small compared with those in commercial mines where
the current drawn in a direct short circuit may be hundreds of
~m.:~res -at 250 to 500 volts. Such arcs have enormously greater
igniting pmver.

TESTS AT FACE OF MAIN EKTRY

The above device was used at the face of the main entry in March
1930 to determine the mtnimum amount of pulverized Pittsburgh
coal dust that had to be blown onto the arc to produce an inflamma-
tion . that would raise dust from surrounding surfaces and initiate
a self-~ustained explosion. The arrangem~nts are shown in figure 9;
they differed from those of figure 8 only in that the arc was nearer
the floor and a little farther from the shelf. A solenoid-controlled
valve was placed in the air line and operated from outside the mine.
Oiitby the shelf carrying the air pipe were cross shelves balanced on
narrow supports so that a small force would upset them and form
a dust cloud. These were in addition to the regular fixed side
shelves. The tests may he divided into those in which (1) there was
dust only on the fixed shelf carrying the air pipe and (2) additional
dust was placed on movable or fixed shelves out by.
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found in a commercial mine. Flame traveled through the dust load-
ing but did not extend much beyond. The conditíons of test 1189
were repeated in 1190, with the addition of 50 pounds of coal dust
in the open crosscut. Flame extended at least 100 feet beyond the
ends of the dust loading, and pressures of 5 to 9 pounds were re-
corded. This was ample proof that the inflammation of 10 pounds
of fine Pittsburgh coal dust by a small electric arc could develop
into a self-sustained explosion under suitable conditions.

These tests show the great importance of using safeguards at the
working faces ,vhere electrically driven machines used for mining~
loading, and other purposes produce large quantities of coal dust
during their operation. The test results point to the necessity of
using water to allay dust at such places and of using only permissible

electric machinery. Emphasis is placed on the need of thorough
rock dusting on haulageways where a derailed trip may produce a
dense cloud of coal dust and a simultaneous arc through short-cir-
cuiting of a trolley wire or power cable. 'rhe foregoing tests need
to be supplemented by others giving- information on the relative
danger of arcs of different voltage and amperage, the effect of alter-
ing the distribution of the dust, and the relative ease of ignition of
different coal dusts.

SECOXD DEMONSTRATION DEVICE

Conditions surrounding trolley haulage in operating mines were
simulated more closely by a second demonstration device developed
after the above tests were made. Figure 10 is a photograph of the
final form thereof. The arc appears as a white spot at the right
end of the car and is formed between the roUer bar and a piece of
trolley wire. The vertical rod supporting the \vire near the arC is
attached to the plunger of a solenoid electromagnet, which is in-
cluded in a circuit with the ",rire and gate bar. Closing the circuit
raises the wire and forms the arc; if the arc breaks, the wire falls and
contact is remade. The circuit is connected to a 250-volt supply, and
the current can be varied bebveen 20 and 100 amperes.

In the first trials the coal dust was blown from a shelf, as shown
in figure 8. The arrangement of a trough across the end of the car
as shown in figure in was adopted later; in one form the trough can
be rotated a.bout its horizontal axis so that the dust cloud is blown in
any desired direction. There is a perforated pIpe at the bottom
of. the trough, and admission of air to form the dust cloud is con-
trolled by a valve operated by a solenoid. The device can be operated
in the open if protected from disturbance by wind, and figure 11
is a photograph of an ignition of Pittsburgh coal dust so obtained.

DF.MONSTRA.lION EXPI.OSlONS

This device was used a number of times to initiate explosions
made as demonstrations for groups of mining men and others. The
first of these were tests 1208 to 1212, made in September and Oc-
tober 1930, of which tests 1208 to 1210 were preliminary, to deter-
mine the most suitable conditions. Location of the car at E160 did
not give satisfactory results; this point is too near the portal. The
car was then placed at E325, and 1,000 pounds of coal dust were
distributed on temporary shelves extending from E500 to the portal.
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TIulleÜn 3119

This arrangement gave an explosion in test 1209 that had a short
sharp flame outsidé the mine, accompanied by a concussion that
broke windows a half mile away. The coal-dust arrangements of
test 1209 were retained in 1210, but the car was located at E275.
Flame extended 200 feet out of the portal and about 150 feet ver-
tically. The accompanying concussion broke windows at several
points on the grounds.

The. arrangements of test 121,0 -were repeated in 1211 made on
October 1, 1930, as a demonstration for members of the National
Safety Council then in session at Pittsburgh. About 300 visitors
were present. Flame extended 200 feet from the portal, and frag-
ments of the temporary shelves were thrown equally far. An empty
mine car standing in front of the portal was hurled 75 feet into the
reservoir, and a number of surrounding buildings were damaged
by violence. In the mine flame extended inby 250 feet beyond the
end of the coal-dust zone and pressures up to 45 pounds were
recorded.

Test 1212 was made on October 25, 1930, before a group of 108
mining men from V\Testmoreland County, Pa. Ärra.ngements of
test 1211 were duplicated except that the dust from E325 to E500
\vas made coarser and contained 40 percent incombustible material
to reduce violence. The resulting explosion projected an even larger
volume of flame from the portal but without concussion and was,
on the whole: less spe~tacular. :Jiaxirnum pressure in the mine was
10 pounds per square inch.

There have been .three additional demonstrations of this nature,
tests 1264 and 1265 on '" ovember 28 and Dccember 2, 1931, and 1280
on February 6, 1932. The first and last were for members of classes
taking the accident-prevention courses given by the Safety Division
01 the Bureau. The second was for the purpose of obtaining sound
pictures for educational purposes which appeared throughout the
United States in Paramount Sound News during the week ended
December 24, 1931.

ßnrenll of ;.-lines

IG.NITION OF LOW-VOI.ATlLE1 COAL DUSTS

A larger arc is required to ignite low-volatile than high~volatile

coal dusts. To date experiments with low-volatile coal dusts have
been confined to trials of pulverized dust with the 100~ampere arc
of the second demonstration device. The following- coals have been
used.

Low"1)(Jla.tUc coals te8ted

l,.ILJVlU: JI. Ignitio!l Uiii coal-diist clolHI iii open air by 8.11 c!(\cLlin arc.

RaNo oj 'Volatile

Designation t() total oombu~tible
Pocahontas nO". 5 bed, 1'lcDowell Co., W.Va., fil'st mine_____ _.._n__n___n 0.253
Pocahontas no. 5 bcd, McDowell Co., W.Va., second ininc____n__________ .2R2
Pocahontas no. 3 bed, 'l'azewell Co., Vu______n__________________n____ .243
Pocahontas nO. 3 bed, McDowell Co., W.Vu-_____________n___________n .242
.Lower Kittanning bed,- central Pa_________________n______ __n________ .187
pocahontas no. 4 bed, McDowell 00., W.Va_____________________~______ .163

Ignition was obtained readily with the first 4, but not with the
last 2 dusts. The tests of lower Kittanning dust were made before
the. second demonstration device was fullydevelope.d and are not
considered to be conclusive. The Pocahontas no. 4 bed coal was used
under a number of different conditions and the best ignition ob-
tained gave a ban of flame about 2 feet in diameter, but the flame
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did not spread through the remainder of the dust ¡loud. . It t¡;d do
so, however, when there. was 1.6 percent natura gas in e air
current. . It are too fracrentary to permit drawing

The ~oregolI;g I'~SU ~~andard meth~d of test one may ex.pf?ct to
conclusions. 1 u~dc\ at, volatile ratio of a coal and miniITum
find son~e re tt~~n . c ;~en '\. lOO-ampere arC dissipating 20 to 25
arc ~fqu~l~~l'-:a itsb~g~~~~~~d~tD ignite pulvcl'iz:d ?ust at an;y coal
kh l-atio of vdatile to total combustible matenalis 0.24,01' higher.

Th~~eize of arc required will certainly decrease as the volatile. content
increases.38

MISCELLANEOUS SOURCES OF IGNITION OF COAL DUST

A Dumber of differentpources of, igniti?r; :vere.u:~d ~~d~~~ ::
, t' t' of ba",'iers to trc;t their sensitivity 01 pinves irra ion . .. ~~ . "
plosion~ having certain desired characteristics.

GAS EXPLOSlOXS AS SOURCES OF IGNl'rION

T as ex losions differed from those used as source a in one, of
twoh~ag,s' (l) The full-size body of gas was iguited at some pomt
iiear its) o~ter end, or (2) the size was reduced one half.

IGNITION OF A :: O-FOOT BODY A,T J)-¡'FENT POINTS

'1 st, 770 to 781 made iu the fall of 1925, were of gas-air mixtur~

¥hh~~~~~l~~~iti~~cd~l;:fl~bl¡ f:~J:~~~~;~~~ii' ;E~:r~:only instrument recor s 0 aine w . b urceO
t Eo.O Iu all tests flame length was the same as given yfso 't' 'a v", 1 4 d s the pomt 0 igm ion

but pressure decreased fro~ 3,8 to . poun S d 'th 9 ounds given

bas mo:e~ c~~s;~i~op~~~t~'M~~i~~t~~;¿i~t ofi~nitio~ toward they source fi' th as caused a large decrease in dust-raising
d~J~:a~~ th: e;;~;t ofe t~e flame suggests that any decrease in coal~

~ust igniting power was p~opor~,ionately muchds~~le~ade ín March
Similar results were obtamed m tests 1022 an Th' bTt f uch

1928 with ignition 12 feet from the diaphr~gm. c,a "/ °tcd in
as 'ex loc;ions to initiate coal~dust explosi~ns ~as ll!VCS iga i

rests 1Ô20' and 1021 in which mixtures of mme-sizd', PltisbE.9gr,~ c';d
dust were placed in the stai:dard, test zo;ne exter~ ~~win t~at ~he
A950 Explosions ,vere obtained in both instar.ces, . ,g f' '. d bv moving the pOlIlt a igni-
decrease in dust~raiRing power cause ,oJ " 'dust cloud.
tion was not suffcient to prevent formation of a. proper
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extended to E1200 and A1250; pressure at E950 was 2,6 pounds.
Ignition was 19 feet from the face in test 1026, and flame extensiou
was practically the same as in 1025, but the pressure at E950 was
reduced one half. It is noticeable that reducing the volume of gas
mixture one half did not have a proportionate effect on flame length
and pressure. This probably would not be the case in a single
heading.

BLüW-01JT SHOTS AS SOURCES OF IGxlnox

During the investigation of barriers there were a number of trials
of blow-out shots of black blasting powder in which the quantity of
powder was reduced below the standard 4 pounds. The cannon was
at the face of the main entry in all cases. A shot of 2 pounds of
powder stemmed with 1 pound of clay did not produce enough con-
cussion to raise pulverized Pittsburgh coal dust from the floor 12
inches below the borehole in suffcient quantity to give an ignition.
A bench 2 feet wide by 10 feet long was then placed in front of the
cannon with its top surface less than one half inch below the level of
the bore. One pound of powder stcmmed with 1 pound of clay caused
ignition of pulverized Pittsburgh coal dust placed ou the bench, Use
of 1.5 pounds of-powder in the cannon with pulverized coal dust on
the bench and from the cannou to E1240 developed an explosion
which traveled to E950 and A950 through a dust mixture containing
50 percent incombustible materiaL. It was possible to obtaiu explo-
sions of any desired speed and violence by increasing the quantity of
powder in the cannon and the length of the pure coal-dust zone. A
powder charge of 2.5 pounds, together with 120 pouuds of coal dust
distributed from the cannon to E1225 and A1250, resulted in explo-
sions which reached E950 and A950 in less than 1 second and pro-
duced pressures of 20 to 30 pounds per square inch at those pomts.
The mixed dust outby the pure coal dust contained 50 percent mcom.
busti ble in these tests.

GELATIN DYNAMITE AS A SOURCE OF IGNlrION

In tests 1025

long. Ignition
, ' l' d t have been responsible for the explosion80"A "hort.circ~ited lighting :ine l~ be ieve,.. °on Mat'. 21, 192\), whereby ~6 lh'es were

in the Kinloch ruHie, !Vestmorel.llIld Couiit~. 1\, was lighted by 50- and possiblY iOO-wattlost .. .. .. the bl:l 01: .10a..ùiDl (,~IDP:irmen .
lamps on a 250-volt ('Heiilt ',¡ .. '" and very rapidlv descended into the

"A conveyor under full loud broke "Th dùen inipact: of the- conveyor at the foot
slope." (Tln. wain i,¡ntukhe) ,*. t~ s~spenSi();; ~u dense doud of coal dust." Annual Itept.
of the slope .... t re~ m. ' ..:2 P 14-19
for 192Ð-3Ó, Pennsylvania DepartIDf'Ilt of Mines, pt. ,p. .

USE O,F SHORTE nonn:s OF GAS

d 1026 the body of gas-air mixture was 25 feet
~:s 12 feet front the I-ace in test 1125, and flame

Mud-capped shots of gelatin dynamite have caused explosions in
coal mines in several instances, and a method of demonstrating this
has bcen developed. A stick or portion of a stick of 40 percent
gclatin dynamite is buried loosely in a pile of about 35 pounds of coal
dust and detonated. This throws the coal dust into the air and
ignites it. The demonstration can be made either in the open or in
the air course pit mouth; in the latter case additional' 

dust is placed
on temporary cross shelves in the vicinity of the shot, and an explo-
sion of all the dust results, Flame is projected from the portal with
considerable force as well as from the small air shaft that is con-
nected to the air course near the portal.

A half stick of dynamite is suffcient for high-volatile coals, but a
full stick is needed for low-volatile ones, Coals from the Beckley
and Pocahontas Nos. 3, 4, and 5 beds, 'Vest Virginia, have been
tested, and ignitions were obtained in all cases.

All shots of explosives in coal mines should be in drilled holes
proper,Iy stemmed and the explosive should always be permissible
explosive.
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EFFECT OF DISTRIBUTION OF DUST ON PROPAGATION

Dusts at different points on the perimeter of a mine passa.geway
differ considerably in size and in composition, particularly in rock.
dusted mines. The higher a given dust is above the floor, the more
easily is a cloud formeâ by a given concussion, and all these factors
operate to give different cxplosibilitics to dusts in different locations.
A study of the cIÏect of altering the distribution of dust from that
us-ecl in standard tC:òts was made in 1.925 and 1926, but it became
evident that an extensive investigation was required and it was not
possible to carry the work to a conclusion at that time, or to resume
it since. It is possible to draw only a few qualitative conclusions
from these tests.

LIMITS OF EXPLOSIBILITY OF COAL-DUST MIXTURES IN DIFFERENT
POSITIONS

It was next decided that the limit of explosibility of mine-size
Pittsburgh coal dust should be determined with all seven distribu-
ti?ns shown in table 5.. The inert dust was to contain 70 percent of
minus 200-mesh matenal to correspond more closely with that in use
in c~mm.ercial mines. It wa.s necessary to vary th~ rate of coal dust
loading in these tests as nothing was known concerning the minimum
allowable under such conditions. The series of tests was incomplete
but such results as were obtained arc given in table 6. '

TABLE 6.~Te8t8 of different dIstril¡utIon,¡; of mia:ture¡; of mine-siZe pittsburgh
coal dust and sha,le dul)t ot which 70 percent was m'inus 200-rnosh j iniUation
ùy source B

1. LOADIKG ON CROSS SIIELVES OKLY
ALTERATION OF DISTRIBUTION OF A GIVEN DUST MIXTURE

Seven tests were made of a mixturo containing 40 percent of
mine-size Pittsburgh coal dust and 60 percent of 

shale of which 30
percent was minus 200-mesh. Initiation was by source B, and the
mixture was placed to E950 and A950 at the rate of i pound of coal
dust pel' linear foot, which is equivalent to 0.26.7 ounce per cubic
foot. In .different tests the mixture was used on the floor, side
shelves, and cross shelves separately, equally divided between all
possible camhi nations of 2 of the 3 positions, and equally divided

between all 3. Results of the tests aTe given in table 5.
TABLE 5.~Tests at df¡fferent d-istrtbuUons of a mixture of ltJ percent mine-size

Pittsùurgh coal dul)t and 60 percent shale, at 'which about 30 percent 'Was
minus 200-mesh; initiation by source B
-~--~T-~------- i I

, 1M IT r Length of DameI Proportioii of Ilixture oil~ axi. l1Ll IJ eHsure I meaHured from

eC- I cannoi,

Te.tno. ___~_Resu1tsl
I ,~;l;:, 1 ;:~1;~' I Floc' I E950 I A950 , Ent'y i "~',,

1 1 '-~-'~I~l-i'-i-Percent Percenl Percení sq In I sq in Feet Feet,
1mi-_ __H, 100 0 a \ i 1 1 150 300 NP.677_.- 0 100 0 1 1 160, 2.'iO NP.675 0 0 100 1 11 1261 125, XP.686_ I 50 50 0 - _n___n___ 3:iO 400 I p,685 60 0 60 -1- __-__I 300 4nO PP.687 _ 50 50 1.--- -- _UP 150 I 2:;0 I KP.
~__:~:i _3iJiI 33"_ 33\1 . _i-- 1 35°1 '"0 P

1 Abbreviations used,: P., propagation; PP., partial propagation; and NP., nonpropagutiou.

Te.tno.

i I i I L,ngth of fi,m, 1
bn'tombi Q t t Max¡mui pressures measured fromus i e nanl Y cannon
content of co a! I Resultsl
ofmix- dust i

ture
I I E950 A95,0 I Entr)' Air course

Oz.'per i Lb. per Lb. per
Perce~~ CU/fZ71 sq_ in. 

1 sq. in'1 i Fee~25 I Feei25 
I XP.

845~______.__._.___u.____.+____

2, LOADING ON SIDE SHELVES ONLY

844,,_ ___uuun__ muml " 0.1521

¡t ¡I

3501 1001 P.
836__ ___u_nu__ uuuuu_ 49

I

.140 175 275 NP,
835__ ___uun_u__ 59 .127

1

150 250 NP,

3, LOADING OK FLOOR ONLY

!i46_u__m_ ___u__n____ 40 0.158 11 i, 150 275 NP,
830____ ___+_uun__ 40 .307 3'

II

350 400 p,
IH7_____ ________n____ " .128 i 125

¡¡ii
NP,

!ì2rLu____ -------------

"I

,248 2 150 NP.
819_______ ________nn___ 45 .373 1 225 350 NP,
860_...__nu_ ____u___n__

:1
" ,498 1 200 150 XP.

827.u_____ _______un_n__ 54 .1661 i l' 1501 225 KP.

4, LOADING EQUALLY DIVIDED RETWEE:- CLWSi' AND SIDE SIIELVES

832______nn_ ____+unnn___J
,

400i"i 0.2281

:1 'i

360 p,
833_____u_n____

::::::::::::1
53 .203 3 360 4001 p,

834- ______u_u___ 681 .1781 2 150 275 NP.

i Abbreviations used: P., propagation; and :-r" nonpropagation.

Propagation was not obtained with dust in anyone position alone,
but use of the cross shelves gave gre-atest flame extension. Dividing
the dust between two positions gave complete propagation only when
cross and side shelves were used. Propagation was obtained \vhen
the dust was in t.hree positions, as in standard tests. Variations in
the results are to be connected with changes in the dust cloud formed.
Use of cross shelves was most favorable and of the floor least favor.
able to dust cloud formation. The standard method of distribution
is, apparently, as good as can be obtained for production of a uni.
form dust cloud without major alteration of the test zone, such as
doubling the number of cross shelves. This would place them 5 feet
apart, as is often the case \vith cross timbers for support of roof.
Different results may be expected with such an arrangement.

A .satisfactory limit of explosibility was obtained only with dust
?n the floo.r alope. be(:~nisc of insuffcient data.. A limit of 43 percent
incombustibl~ is indicated, compared with 57 percent for the same
(~ust loaded in the standard marmer. The difference between these
Hf?u_res lTlay be taken as a rough m~asure of the additional diffculty

of forming a clou~ whe~ the dust is on the floor only. The incom~
plete results obtamed with dust on cross and side shelves (part 4
of the table) mdicate a limit of about 65 percent incombustible.
""\hatever the final conclusion, there is definite evidence that dust on
the floor may safely contain somewhat less incombustible material
than that on ribs and cross timbers under conditions similar to those

of the tests, but additional experiments must be made to determine
the difference exactly.
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DIFFERENT MIXTURES OF DUST ON SHELVES AND FLOOR

The above group of tests was extei~ded to ~nclllùe US~ 0: different
dust mixtures oil shelves and floor with loading to E9DO anct A95.o,
as in the above tests. Such tests as were. made are summarized in
table 7.

i 591 501 0.1141 a.Wil 0.3621 3 II
3501 4001 P.

841________ 15\
.2481 .349 2 350 4DO P.

6.31 " 52 .1011 3251 XP.543

1

4~ .337 I

~ i

2DOI" 54' 089 .24i! NP.83S .2991 I 175 3001
52 45 591 .051 .248

400 PP.837 .3:ial 21 225
839 82 1°1 66 .0'11 .269

i I
1 ,

3. D'CS'l 0:\ CROSS SHELVES, SIDE SHELVES, AND FLOOR

u,1 4.51 0.1781 OJ23 0.301, 2
~ I

350 400: P.
823_____ "I

61
3öO 400 P.

:::1

68 45: OR . i7~ I .248 .4261 4
3001 KP.R20___n 2

II

250
8HL____ (;81 491 00 .178 .203 .381

125 225 NP.
"I 59 65 .171\ .136 lii¡

1
400. PP.8!8 u' 2 25082, 35 6" .1011 .191 30°1 =-P.H2O 1 175

82' 40: bO .056 .153 209
325 NP.&11_

401 .153 .264 2 2DO
825_ 821 69 .101

3

r!
350 400 P.

82 62 .101 .307 .408 NP.828_____.___ 40; I 150 225
824__..___

i~ 1 :11
71 .1011 .123 .224ì

100 l~i
"KP.

840_____ 6.5 .101 .248 349 ii II 50 NP.
100 40 71 .000, 307 .307

848__ ._
I

1 Abbreviations used arc: 1'., propagation; PP., partial propagation; and NP.. nOnprop¡¡gati'on.

but the allowable difference and the minimum allowable incombusti-
ble content of the floor dust will depend on the dust-raising power of
the source of ignition as well as on the relative positions of the dusts.

Dust on cross shelves, si shelves, aJ flaGr.-In these tests a
given dust_mixture was used on the side and cross shelves and another
of lower incombustible content was placed on the floor. There are
four variables in the case-the quantity and composition of the dust
in each location-and the data are not complete cnough to permit
proper evaluation of them. Qualitatively the results are the sa.me
as obtained with dust on the side shelves and floor only; the incom-

bustible content of the floor dust caube lower, but there is a mini-
mum below which it cannot be allowed to pass. Again one should
expect ditl'el'ent results if a more powerful source of ignition was
used. It is probable that if an extensive volume of gas was ignited
in a commercial mine there would be little difference in effect
whether the dust beyond was on the floor, ribs, or timbers.

DUSTS OF DIFFERENT SIZES ON FLOOR ONLY

A. series of tests was started in 1926 to determine the explosibility
of Pittsburgh coal dust of different sizes placed on the floor only, and
the effect of adding coarse coal up to 1 inch in size to this dust. The
explosions were initiated by source B. The first step was determina-
tion of the limits of explosibility of dust containing 10, 15, and 20
percent minns 200-mesh material placed at rates of 0.31 to 0.42
ounce per cubic foot. The limits were not determined closely but lay
in the neighborhood of 30, 35, and 45 percent incombustible for the
respective sizes. It is to be expectcd that the effect of concentration

would be marked in these tests, but the work was not extensive
enough to prove that these were the highest limits that could be
obtained.

Coarse coal was added in three tests only, and the data are too
fragmentary to be interpreted.

TESTS OF SEGREGATED DUST LOADINGS

Studies of explosion hazards in certain mines in Utah and Wyo-
ming in 1925 showed that many haulageways required little timber-
ing. They had been rock-dusted, but subsequent spillage of coal from
cars had badly contaminated a strip about 5 feet wide along the
track. In some cases the strip was watered with the idea of neu-
tralizing the coal dust.

A series of tests was made with mine-size Pittsburgh coal dust
in which these conditions were reproduced as closely as possible. In

tests 680 to 682 the coal dust was spread over tbe entire floor, and
shale dust was placed on the side shelves in successive amounts until,
in test 682, it was 80 percent of all the dust present. The explosions
were initiated by source B, and flame traversed the entire dust load-
ing in each test. The coal dust was used without any shale dust in
test 683, and the resulting explosion was not markedly different from
those obtained when the shale dust Was present. It was proved
definitely that rock dust on the ribs cannot prevent propagation of
flame through pure coal dust on the floor, a finding in agreement with
those reported in preceding tables. .

The next step was to restrict the coal dust to a strip 5 feet wide,
such as was present in the mines investigated. A weight of shale

'l'ABLE 7.-~Tests in which the dust mit;.re ?n S'~e and GrOS'S shelves ~iff~r~~
rant th(it on the floor; mi:i:tures of mine-size Pitt,'l~uru'! ro.ai .dust an ,' a
~ust contaIning 70 percent ()f mÜ¡,U8 2DO-mesh matertl,. initiation by source B

1. DUST ON CROSS SIIELVES AND FLOOR ONLY

.1 Incombusttble content 'i Quantity of coal dust I Mi)~;~~~:: I ~~~~r~á~;~ofllixturc . cannon
i Results!

i On 'i On I\~JI~~~- On I On 1""'"1 1--=-1 A9'iO i ~ntry I C~SG
sbehes floor I shelves floor I I

L-I-~I-~I~-;I~:I~I-;'I-:I~-Percent Percent Percent cu ft I ci- /4'8 I Wo 3171 sq 1n1 I 3q Ini 'e~o 'ei25 XP__I 681 ~51 51 00!l9 02 i

.- DUST ON SIDE SIIEINES AND FLOOR ONLY

Test no.

842____

Dust on 8ide 8lielves and floor: only.~Thcsc te~ts ,vere 'desi~ed to
represent conditions in an untimbered entry _with smooth ioaf on
which little dust collects compared with that found un ledges of the
ribs. Tests 838 and 837 shO\v t~at it was possible t.o prevent .propa-
ation of flame by having a high percentage of incombustible on

fhe side shelves when thä.t on the floor was low. At le~st part of
this effect is to be ascribed to poor dust-cloud form.atwIli as .the
following considerations show. The weighted average i!icombustib.le
content of all the dust was 54 percent in tes~ .838 and 09 percent 1~

test 837 Uniform mixtures of these compositions w~:)Uld be strongly
explo"i,:e if subjected to the gas-initiated propagation~test method,
the q~antity of coal dust present remaining unchan¡;ed. The fOdme~
would be explosive and the latter close to the limit under stan ar
propagation-test conditions. .'

The tests give additional evidence that the lIcombustible content
of the dust on the floor can be lower than that of dust on the ribs,



MACHINE DISTRIBUTION 
VERSUS STANDARD DISTRIBUTION' OF DUST IN

TESTS

Use of machines for rock-dusting mine entries is practically uni-
versal in this country. 'The distribution of dust effected in this
manner is different from that used in Experimental mine work, and
a few tests were made in 1925 to determine what differences in explosi-
bility resulted. The macbine used was of the fixed-discharge type
and was loaned by the Pittsburgh Coal Co. The tests were made at
the time of a special investigation of barriers in which that company
cooperated and were not under standard conditions. Ignition wasby
source 0, with the addition of pulverized coal dust in the test zones

extending to E1200 and A1250, This gave flame to E1075 and A1050
with no other dust present. The dust under test was placed only to
E950 and A950, as the test zone had not then been extended to E750
and A750, The test zone was too short for a source of such great
strength and for this reason the results obtained arc not considered
generally applicable.

Eour additional tests initiated by source B were made at a later
date; the dust under test was placed to E950 and A950. In the first
two of these (nos. 678 and 688) mine-size coal dust was premixed to
contain 63 percent incombustible material and was distributed in
the usual manner in tho former and by machine in the latter test at
the rate of 1 pound of coal dust per linear foot. Dust discharged
from the machine would not stick to the cement-coated walls of the

43

~~~iÍ0np and thet. quantity that came to rest on the cross shelves was" ropaga ion was obtained with the standard 10 d b

~£~~d~~;tb;~~~d:r~t~~.dfli:,ueTe~~i~W (~t;~~:l:Jtf~aist~¡)ff~ti~~porte in more detail in tabl .. ,d h . . . ing is re-
tained in test 688 (mach' 10 d' aj t e distribution of dust ob-
687'11isted in table 5; t~~ere~~l;:~f 7e~~sn:~th ;~de s6a8m8e as in tetstsimi ar.' were qui e
th~~u~~~\~:~~~~i~:isee quantities of shale and coal dust were run
shale dust The re ultParately to gn'e a. coal-dust mantle- ovcr the
d ,. '. s " was nonpropagation the same as h iust was premixed. 13 inally in te't 690 th ' . . w en tie
dust was ap l' d b th " S.' e same quantity of shale
on the flo%~ly. y Ag:i~ath~~e, aintd the coal dust scattered by hand
It d t esu ",as nonpropagation

mines l~swhichal~e~~ck~d~:ti ito apply these results to ~ommercial
incombustible dust to adhere\~ i;haechl~li usually causes a coating of
to the 1'ooÎ. In such a case the dust. 'Y s i:~ , to a smaller extent,
It is true, however, that a fixed_di~~h~rPosltiottO b~ more etlective.

place a suitable quantit oÎ rock du ge roae ine is le~s likely to
to displace coal dust thiefrom. st on overhead cross timbers and

. SUM~ARY REGARDING EFFECT OF DISTRIBUTION OF DUST

It is possible to draw t 1 '
of different distributions ';t â~~~~a ConcluslOns from the above tests
1. Dust in all positions around th '

dered inert, but' the amount of . e perim~ter of a :rIne entry must be ren-
vari~s with the location, size, and ~~~n~~;sti~llh material required to do this
raising power of the source of ignitio n y 0 e coal dust and with the dust-
2. Dust on the floor can be of i n. . .

and timbers, but the differences ~'í:~ l~cO~bustlble. content than that on ribs
any degree of accuracy. can e permitted are not known with

The need oÎ additional testing is evident.

MISCELLAKEOUS TESTS
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dust equal to that of the coal dust was placed in the spaces hetweeIl
the strip and the ribs in test 692, and an explosion was not obtained,
but the flame extended 200 feet in the entry and 375 feet in the air
course. Additional shale on the side shelves shortened the flame in
test 691, but it was still longer than would have been the case had
the dusts heen thoroughly mixed. It is evident that eddying of the
air during the tests did not bring shale dust Îroni the side shelves
to the center of the entry, and its effectiveness was less because of
this,

Similar tests made with coal from one of the Utah mines gave
the same results.3l It was also found that the strip of pure coal dust
could be neutralized by watering, but the percentage of moisture re-
quired in the coal was larger than is likely to be maintained in a
commercial mine. Prevcntion of spillage, together with effcient
rock dusting, is the best method of handling this prohlem.

Three other tests of Pittsburgh coal dust were made in 1925 to de-
termine the effect oÎ additional dust on the cross shelves. The idea
was to simulate conditions in a timbered entry vv'hich had been I'ock-

dusted with subsequent deposition of coal dust on the rock dust oil
the timbers. Shale dust was placed on the cross shelves, and pul-
verized coal dust was spread over it. Explosions resulted in all
three tests. In the last one (no_ 695) the incombustible content of
all the dust was 71 percent. The effect of distribution is very marked
in this case; the mantle of pulverized coal dust over the shale dust
on the cross shelves was primarily responsible Î01' the propagation
of flame. This emphasizes the need of preventing 

such coal-dust

accumulations in timbered entries.

B; GreenWfll(ì, n, P., ExpIOliibilty of Coal Dust from lj'our :Mines in Utah: Tech.

Piiper 38ü, Bureau of ~1ines, 1927, pp. lß-18.

MISCELLANEOUS TESTS

This designation covers two min
vestigation of the effect on 1 .01' ¡iroups of tests: (1) An in-
m~nus 200-mesh dust content ~jP p~tl~it~ hf small changes in the
imtiated by blow-out shots close t~ th uig tCioalfdust and (2) testse par a 0 the main entry.

. EFFECT ~F SMALL CHANGES IN SIZE OF COAL DUST

Coal dust used in certain tests f b '
tion with Pittsburgh Coal C . 1~25 arrie~s conducted in coopera-
200-me~h material to reprod~'c~nexactlyco~~adl!:d 25 Pbercent of minus

points in one mine operated b tl t n i ions a served at some
d,etermine the explosibilitv of ih' ld :ompany. It was necessary to
size dust (20 percent minus 20Ò.'eui;) c°1.kred with that of mine-
Fehruary 1925. All were t d 'ds. ee tests were made in
containing 35 percent of Pi~~b~~ hPropagation tests ..of mixtures
~rushed shale dust. The 1'0 ort'g coal ~ust and 60 percent of
in the coal dust was 20 22 i; p d ~~n of mi,:us 200-mesh material
Propagation was not obtai~ed ali an~ 1er~~t in the respective tests.
lengthening of flame as the coal d t es, ut there was progressive
differences were no greater than t~S was mf~de fi~cr. The extremee errol' a duplicate experiments.
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A change of 2.5 percent in the minus 200-mesh content of coal dust
certainly has no effect on limits of explosibility, and it is doubtful
if aIle can ascribe a definite effect to a 5 percent change. For prac-
tical purposes tests with dust containing 25 percent of minus 200~
mesh material çan be compared directly with those of dust contain~
ing 20 percent. Also a tolerance of 2.5 percent can be allowed when
mine-aize coal Just is prepared, and this lessens labor in prep?-ring
for tests.

TESTS INITIATED BY BLOW~OUT SHOTS NEAR THE PIT MOUTH

A study of the initiation of dust explosions near the entry portal
was made in 1917, and test results were reported in Bulletin 167, page
348, table 41. Explosions of this character were used as demon-
strations seven times during the present period, as follows:

Tests initiatedJ near portal of main entry

Test no. Date Purposß
Numberj
of spec-
tators

R72___ __u May 7,i9ZG
873__ __u May 13,1926
878______ Oct. 4,lnG
879__ Oct. 8,i92G

Prolíminary to test 873_______u___________________________________u____ ----
Demonstration for Mine Inspectors' Institute of America______u__ 250
Preliminarytotest87\L______uu__________________u__________uuu___---
Demonstration for American Institute of )'flning and Mctallurgi- 300

cuI Engineers.
B8______ _ Dec. 10,1926 Demonstration for.Coal Mining ImtJtute of America______________
1174-___ ___ Aug. 31,1927 Demonstration for International l"irst Aid and Mine Resoue

Contest________________________~:_______________________--------
1006_______ Nov. 211~ 1928 i D~~~nêt¿:t!~~_!~~_~~_~~~uI_~:~~~~~~~~~~-~-~~~~r-~~~~_~~_~i_t~~_i~_

50

300

"

In the earlier work it was customary to tryout the arrangements
a few days before the demonstration to assure their success. Prep-
aration for all these tests were alike in most respects. Initiation was
by a blow-out shot of 4 pounds of FFF black blasting powder from
a cannon placcd on the floor at E1SO and pointing outward. Eight
hundred pounds of pulverized Pittsburgh coal dust were distributed
over the first 400 feet of the main entry and were principally on tern.
porary cross shelves sprung between the -ribs close to the roof. Rock
dust was scattered over the balance of the. main entry to reduce vio-
lence and prevent the flame traveling too far into the mine beyond
the test loading.

This arrangement produces a spectacular demonstration. The first
project.ion of- flame from the portal is due to combustion of the dust
between the cannon and that point. At the same time flame is also
traveling rapidly into the mine and a steady stream of dust and
smoke is projected from the portal. This dust is fresh fuel for the
flame outside. and the continued rush forces the flame front 300 to
500 feet from the portal. The temporary cross shelves are reduced
to fragments and thrown out of the mine to rain down over a consid-
erable area 01 the opposite hillside. Experience has shown that it
is necessary to develop considerable pressure in the mine to obtain
desired results outside, and, unfortunately, this causes destruction of
side and cross shelves in the standard test zone. This type of demon-
stration is justifiable for educational purposes only when a large
number of mining men wish to view such explosions.


