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METHODS OF ROCK-DUSTING AMERTCAN COAL MINESL/
By Je J. Forbes/
INTRODUCTION

Investigations by the Bureau of Mines and by mining-research depart-
ments of Buropean countries have established definitely the value of rock-
dusting to prevent or limit the propagation of coal-mine explosionse. Its
effectiveness in this connection has been demonstrated not only by research
but by actual coal-mine explosions in which hundreds of lives have been
saved because of its presence.

In a general way this paper gives pertinent facts concerning rock—
dusting practices in the United States. Information has been obtained from
many reliable sources, and various coale-mining companies have furnished
data on cost and other details.

HISTORY OF ROCK-DUSTING IN THE UNITED STATES

The use of roclk dust to prevent or limit coal-dust explosions in
bituminous~coal mines was first suggested in England in 1891 by Sir William
Garforth, who had noted that the Altofts mine explosion in 1887 had not
penetrated any of the naturally shale-dusted passagese Rock—dusting has
been advocated by the Bureau of Mines since 1910, but it was not until
1923 and 1924 that the mine operators im the United States considered it
seriously, although a few mines had begun to use it experimentally as early
as 1911 and 1913. The first mine in the United States to experiment with
rock dust was the Delagua mine of the Victor-American Fuel Co., Delagua,
Colos, which in 1911 applied rock dust on the main trolley haulage entries
by a locally developed machine consisting of an electrically driven blower
and & funnel-shaped hopper aounted on a mine truck.

During 1915, the Pittsburgh Coal Co. began rock-dusting experiments
in two of its mines by applying limestone dust to the ribs and roof by
hand. Following an explosion in one of its mines in Illinois in 1917, the
01d Ben Coal Corporatlon began rock-dusting its mines.

1/ The Bureau of Mines will welcome reprinting of this paper, prov1ded the
following footnote aclmowledgment is used: "Reprinted from Burecau of
Mines Report of Investigations 3U465."

~ Presented at the Fifth International Conference of Directors in Mine
Safety Research, Pittsburgh, Pa., Sept. 25-30, 1939.

g/ Supervising engineer, Safety Division, Bureau of Mines, U. S. Depart-

ment of the Interior, Pittsburgh, Pa. ‘
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Interest in rock-dusting American coal mines was stimulated by inves-
tigation of rock-dusting methods in England and Burope by G. Se. Rice in
1923 end earlier, and meetings in 1924 with coalemining operators in the
various coal-mining States, at which the necessity for rcck-dusting was
stressed, resulted in the rock-dusting of a number of mines.

INVESTIGATIONS ON ROCK~DUSTING BY THE BUREAU OF MINLS

Since its organization in 1910, the Bureau of Mines has advocated
rock-dusting es a method of preventing or limiting coal-dust explosions.
At first it was suggested as an alternative for watering, but finally
in 1924, after many experiments with watering, salt solutions, and rock
dust, the latter was declared to be the most reliable method known for
successfully combatting the hazard of coal-dust explosions.

Research work on rock-dusting as a means of preventing coal-dust
explosions has been conducted by the Burcau nearly 30 yoars, and during
that time many veluable data have been obtained and published. The ex~
plosibility of various sizes of coal dust from many coal beds has been
determined, as well as the quantity of rock dust necessary to prevent
ignition of coal dust and the propogation of an explosion.

Rescarch work rzlative to rock-dusting has been carriod on by the
Bureau in cooperation with the Carnegic Institute of Technology and the
Advisory Board of Operators and Engincers of Western Ponnsylvania. Results
of this work were published in 1925 in a bulletin on "Method and Costs
of Rock=Dusting Bituminous Coal Mines."

STAT E-LAW REQUIREMENTS FOR ROCK-DUSTING

In addition to the laws enacted by verious coal-mining States rc-
quiring rock-dusting, onc of the most helpful fcatures in the advancoment
of rock~dusting has been the reduction by accident-liability insurance
compenies of the premium paid by coal companies on mines using rock dust.

Eleven of the 25 coal-mining States have chacted laws requiring
rock-dusting in some form or other. In gencral, however, thesc laws
are inadequate and in somec States they are indefinite and leave the
gquestion of rock-dusting to the discretion of the minc insmector. Only
throe States (New Moxico, Utah, and Wyoming) have enactod lews that
adequately dofine and require rock-dustings In 10 of the States water
may be used for sprinkling roadways and workings in lieu of rock-dusting,
Utah being the only State that requires rock-dusting in both nongassy
and gassy mines regerdless of moisture.
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TABLE 1. ~ State mine law requirements for rock-dusting and watering

Alabama;

Colorados

Indianas

Kentuckys

New Mexico!

Ohios

Oklahoma:

Pennsylvania:

Utahs
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Water or rock dust is required in any mine containing
coal dust that will ignite or explode.

Water or rock dust (2 minimum of 60 pefcent inert material)
is required when in the opinion of the chief mine inspector
it 1s necessary.

In mines not maintained wet, rock dust must be applied.

A minimum of 55 percent inert material is required. Rock-
dust barriers may be used in isolated panels. Monthly
sampling is required.

All dry and dﬁsty operating sections must be watered or
rock-dusted.

All mines must be rock-dusted unless in muddy condition
at all times. All entries, slopes, and aircourses in
nongassy mines, and in gassy mincs all entries, slopes,
aircourses, rooms, crosscuts, and pillar workings must

be rock~dusted to within 40 feet of the face. Minimum

of 55 percent ineort material required. Whore rock-dusting
on roadways is not practicable, watering is permitted.
Sampling at 90-day intervals with record of such sampling
and analysis is required. Barriers are required at or
near entrance to panels or on main entries and aircourses
to isolate panel or section.

A mine or section thereof containing accumulations of
coal dust is required to be rock-dusted, sprinkled, or
otherwise treated at discretion of inspector.

Dry and dusty sections of mines are required to be
sprinkled or rock-dusted at discretion of mine inspectore

In such portions of dry and dusty mines where explosive
gas can be detected by safety lamp, rooms and entries
mist be moistened by watere In lieu of water, rock-
dusting may be substituted or may be used in conjunction
with water.s A minimum of 65 perceant inert material is
requireds Record of sampling and analysis is required
at 60—day intervals. Watering and rock-dusting are re-
quired at discretion of State mine inspector.

Rock=dusting is required in all active working sections

of mines to last crosscut and 50 feet in all rooms and
pillar workings., In nongassy mines, 55 percent incCom-
bustible material is required, and in gassy mines 65 per—
cent. When dust becomes below minimum, the scetion must

be fenced offs Barriers are required in worked-out sections.

_3.-
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TABLE 1. ~ State mine law requirements for rock-dusting and watering ~ Cont'a

West Virginias Requires‘dry dust to be removed as far as practicable,
and all dry, dusty sections watered or rock-dusted.

Wyomings . A1l coal mines, unless consistently damp in judgment
of State inspector, must sprinkle dry and dusty places
“twice a weeks In lieu of sprinkling, mine may be
rock-dusteds Hock dust 1s to be maintained at a minimum h
of 60 percent inert, with 10 percent increase with each

-1 percent methane. The State inspector is required to r
‘sample and analyze dust. Barriers are permitied in
trackless entrles.
PROGRESS. IN ROCK-DUSTING. -
Accurate records showing the progress of rock~dusting in American S:
mines are not available for the years prior to 1926, Not much consideration My
vag given to rockedusting by coal-mine operators before 1823 however, by gy
1926 at least 177 mincs in the United Stated were using rock dust, and by
1927 the number had increased markedly to 463 mines. "By 1933, the number X
‘of rocke-dusted mines had decreased Yo 382, but by 1936 it had increcased z?

again to 462, The fact that in 1936 (the last year for which statistics ¢
are available) only 462 mines rcported the use of rock dust shows that o

the progress of rock-dusting is by no means satisfactory. al
The favorable side of the record shows that the annual output of the '
mines using rock dust has increased from a low of &8, 600 000 tons in 1932 X;

(the lowest depression year) to 161 000,000 touns in 19%0; the mines using
rock dust during 1936 produced more than 37 percent of the country's
bituminous coale« The fact that mines using rock dust. represent but 7.5
percent of the total number of operating mines, yet produccd 393 percent ?
of The coal and employed 32.5 percent of the wndergrournd employees in : T
1936 {ndicates that it is chiefly the larger—capaclty mines that are using

rOCk d.u to o
Mines in 18 States used rock dust to some extent during 1938, dut 12

it was used most widely in Utah; about 90 percent of the State's produc- .

tion (including 211l rail-shipping mines) was from mines using rock dust.

Wyoming, New Mexico Alabama, and West Virginia rank next to Utah im this i

respect. i

‘Wost Virginia reported 179 mines (33.4 percent) rock-dusted during
1938, compared to &9 mines rock-dusted in 1928. Although many Pennsylvania - &
mines use rock dust, the State Compensation Rating and Inspection Burcau '
has given compensatlon credit to only & mines as being rock=dusted in
accordance with its standards. a;
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Although progress in rock-dusting in coal mines in the United States
has improved considerably since 1923, when Scareely a dozen mines used
rock dust, the 462 mines rock-dusted in 1936 represent only a small
percentage of the total number of mines in operation.

The application of rock dust to underground surfaces in American
mines has been an important factor in preventing widespread explosions;
however, while some of the most dangerous mines have been rock-dusted
fairly adequately, in other mines rock dust has been applied without
regard to the amount required to prevent propagation of flame.

SPECIFICATIONS

Specificationsz/ for rock-dusting were formulated by the American
Engineering Standards Committee in 1927 and no changes have becn madoe
since then, although a committoe of the American Institute of Mining and
Metallurgical Engineers is now considering revision of thesc standardse
The principal requirements ares

Size of dusts. ~ The finecr the dust, the more easily is it raised
into the air with coal dust to prevent propagation of an explosion. A4ll
of the dust should pass through a 20-mesh sicve, and at least 50 percent
should pass through a 200-mesh sieve. (If a coarser dust is used, the
amount applicd must be proportionately larger.)

Tests conducted by the Burean of Mines show that finer dust is ad~
vantageous but that there is no additicnal advantage in having it finer
than 70 percent through 200~mesh.

Character of dust. - The dust preferably should contain not more
than 5 percent combustibdle matter nor more than 25 percent free silica.
The rock dust should be as light in color as possibles

Bnough dust must be present to maintain the incombustible matter at
or above 55 percent. Where methane is found in the ventilating current,
the amount of incombustible material specified must be raised approximately
10 percent for each 1 percent of gas.

Redusting. - After dusting, samples should be taken at regular
intervals and analyzed to determine whether or not additional rock~dusting
is necessary.

The maximum permissible percentage of combustible matter varies with
the rank of the coal. Zach coal bed has its own limits.

Moisture., - The dust should not absorb moisture from the air to such
an extent as to cake and destroy its offectiveness as a dry dust.

3/ Rice, G. S., Sayers, R. Rs, and Harrington, ﬁ.; Rock~Dusting in Coal
Mines: Bureau of Mines Inf. Circ. 6030, 1927, 3 Ppe

7239 -5 -
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TABLE 2, - Summary of data for mines in United States using rock dust

Percent of

Number Percent |Production {Percent of Percent of Rock dust used
minecs of 211 |[from mines |total produc—j{total under~ (total man- per ton of
Year jusing |underground| wusing ~ |tion from ground em- hours worked | Rock coal mined in
rock |mines usingirock dust, |underground {ployecs in in mines dust rock-~dusted
dust rock dust |short tons |mincs using |mines using |using used, mines,
rock dust rock dust rock dust pounds pound s
19261 177 - - - - - - -
1927 | 463 6.5 137,280,000{ 24.0 21.3 - - ~
1930 | 474 8ol 148,634,912 33.2 2745 30e1 137,738,000 0.93
1931 4ug 83 115,904,819] 31.9 26.8 29.1 119,621,000] 1.03
1932| 393 745 88,632,327| 30.6 2547 27.1 74,938,000 -85
1933 382 742 96,691,753 30.7 254 274 73,150,000 76
1934 | bk 740 112,500,000| 33.2 281 29,8 104,234,000 93
. 1935] W13 6e9 116,600,000 334 284 2949 99,188,000 .85
1936 462 7.5 161,000,000! 39.3 32.5 35.7 153,686,000 .95
7239 -6 -
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TABLE 3. - Rock-dusting in West Virginia

Rock dust used Rock dust
per ton of Mines used
Year Rock dust |coal mined in |using per Commercial
used, rock—dusted rock mine, mines
tons mines, pounds |dust tons
1936 2,495.00 - 133 2Lh pi2
1937 . 0,775.78 1.297 162 o5 549
1938 L2,698.83 1.562 179 239 536
19395 | 12,587.62 1.596 168 - ~

1/ Jamuary to March.

It is common for interior surfaces of coal mines in many parts of
the United States to "sweat" during the summer months as moisture in the
air is deposited on the roof, ribs, and timber. In some mines the rock
dust on the ribs and roof becomes "slimy" mud while in others it may be
dry or moist. This absorption of moisture virtually destroys the effect
of the rock dust. If coal dust, usually difficult to wet, is mixed with
rock dust the entire mixture becomes wet; a thin layer of coal dust
settling later on the surface of the wet rock dust is likely to becone
wet also, but the top of a thick layer of coal dust may remain dry.

On drying, some dusts remain caked and will not disperse readily,
if at all, while othersvirtually regain their original dispersibility.

Sampling. - Passageways should be sampled at regular intervals to

glve an accurate cross section of the condition of the mine with respect
to dust.

Analysis of dust sample. — A comparatively simple firc analysis may
be used to determine the total combustible matter, oxcept when limestone
is useds The Bureau of Mincs modification of the Taffand volumeter may

be used to determine the combustible content of any kind of rock dust and
is accurate within practical limits,

Extent of rock—dustinge. - The Bureau of Mines recommends that all
coal mines except anthracite be rock-dusted in every part and that rock—

dust barriers be used as a secondary nrecaution but not in lieu of general
dusting. '

TYPES OF DISTRIBUTORS

Mechanical rock-dust distributors were assembled as early as 1911,
in which year W. J. Murray, of the Victor American Fuel Co., developed a
rock-dust distributor employing a fan, hopper, and flexible hose. This
machine was used in the Delagiua mine in Colorado. In 1914 the Bureau of
Mines assembled a fan, nozzle, hopper, and rubber hosc and mounted them

on a truck, which was used principally for demonstration purposes.

7239
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When rock-dusting was actively revived in the United States in about
1924, a number of coal companies btuilt rock-dust distributors in their
own shopse One of the first commercial distributors was placed on the
market in June 1924. Others followed shortly afterward, but only three
companies now are actively merchandisirg ro c“-dustlng mach1nes that have
been approved by the Bureau of Mines.

The first permissible machine ~ that is, approved by the Bureau of
Minés as safe in a gassy or dusty atmosphere - was approved November 5,
1926, and a second machine was approved on December 28, 1926. Shortly
aftervards another machine, known as a high-pressure model, was developed
to force dust through a hoge so that trackless entries could be rock—
dusteds The first high-pressure machine was approved on July 2, 1927.

Two types of rock-dust distributors are used in the United States.
Low-pressure dusters are used for application of dust on mine openings
having tracks, and high~pressurc machines arc used principally for dusting
areas not accessible to the low-presswe machincse Construction of both
types of machine is similar in many respects. 4 modlflod V=-shaped hopper
of varying length contains the dust. Generally, a screw conveyor in the
bottom of the hopper carries the dust to the front end of the hopper and
‘2allows it to fall into 2 mixing chamber. The fine dust tends to form an
arch, and consequently a constant feed is not &lways obtained; this con-
dition is overcome by using agitators. One type of distributor uses a
steel shaft 1—5/8 inch in diameter provided with a number of steel prongs.
As the shaft revolves, the prongs cause the dust to fall onto the screw
.conveyor. - Other models have two screw conveyors rotating in a direction
opposite to that of the feed conveyor. Some of the earlier models of
low-pressure dusters deliver dust into an airduct at the bottom of the
machine along the full length of the hopper. Back pressure was formerly
prevented by placing a cover on the machine, The later type machines
use the mixing chamber, which is placed at the front end of the hoppers
As the dust falls into the chamber, it is mixed with the air and is forced
through the discharge in a fluid mass.

Low~Pressure Distributors

A number of 1ow«pressure machincs still in use are provided with a
flexible wire-reinforced hose about 4 to 6 inches in diameter and approxi-
mately 4 feet long., A handle near the discharge end allows the operator
to direct the air-dust stream towards the roof and rid or crosscuts to
obtain suitable coating of the surfaces. Usually enough dust spills to.
coat the roadway.

Another low-pressure duster is provided with a fixed discharge nozzle
having two modified cones, one placed within the other in such a manner
that dust is discharged around the periphery at the base of the two conese
A modified fishtail discharge nozzle is employed by a third type of low-
pressure duster, This machine is designed to make two trips over the same
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entry; on the first trip the dust is directed approximately at the junce
tion of the roof and one rib, and the second trip is made with the
nozzle pointed toward the junction of the roof and the other rib.

Air for low-pressure dusters generalLy is provided by a fan capable
of developing from 10 to 15 inches water-gage pressure., The discharge
in low-pressure machines ranges from 50 to 200 pounds of dust per minute.

High~Pressure Distributors

High~pressure distributors use 3-inch fire hose ranging in length
from 25 to 500 feet. In one mine, however, up to 800 feet of hose is
useds The distributor stops opposite an opening in a stopping, the hose
is carried through the'opening, and a man directs the air-dust stream
onto the roof and rits, enough dust being spilled to coat the bottom.

Some of the machines employ a rotary-type valve to prevent back
pressure from blowing the dust back into the hépper. Other machines have
the hopper covered to accomplish the samc purposee. Usually, a blower
replaces the fan on the low-pressure machinese Pressures developed range
from 30 to 166 inches water gage, the higher pressure being developed
with 500 feet of hosce The machines generally deliver 50 to 100 pounds
of dust per minute.

Semiportable Digtributors

The advent of mechanical mining has presented new rock-dusting problems
because track models cannot be used with conveyorss. To meet this problem,
two manufacturers have developed a2 small mochine modeled after the larger
onese The pressure developed ranges from 3-1/2 to 7-1/2 inches water
gages Rach machine uses 4 feet of Y—inch reinforced hose; the capacity
ranges from 30 to 50 nounds of dust per minute.

On slopes where electric power is not available, two types of rock-—
dusting machines are used. One consists of a conventional track-type
machine in which pover is provided by means of a chain attached to the
axle and to the blower, so that wheh the machine moves, the blower is
operated, providing necessary air for the dust. One coal company has
constructed a truclk on which storage batteries are placed to provide the
electric power necessary to operate the dus* distributor.

In some of the mines in the State of Wachington an injector-type
nozzle has been developed that greatly increases the induced air flow. A4
small hopper placed near the inlet of the injector allows dust to be fed

. ‘ into the device. Compressed air flowing through the injector blows the
' dust from the discharge end, and this allows the faces of working places -
to be rock~-dusted where electric powser is not available.
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METHODS OF ROCK-DUSTING

Two complemehtary methods of rock-dusting are employed in American
Hines - general rock-dusting by machine and, frequently, supplementar
dvusting by hand, '

Procedure before initial dusting varies to a marked degree. In
many mines no effort is made to remove dust, pieces of coal, rock, and

other materials from the road bed, ribs, and timbers. In many of the
better~maintained mines the loose material is loaded from the road bed
before the rock dust is applieds Several mines have attempted, also, to
remove surplus dust from the rivs and roof oy washing them thoroughly
with water from a hosc, and in at least one minc by using a specially
constructed high~pressure sprinkling car designed to throw a number of
strong streams of wntor against the roof and ribs.

‘Recently, in one minc, aftcr an oxplosion had thrown dust on ribs, ‘
roof, and timbers, excess dust was dislodged with compressed air bhefore ]
rock dust was applied. |

The most rapid retrogression of rock dust gomerally occurs on main
haulage roads and on secondary haulage roads where animal haulage is em~ .
ployed. Naturally, entries having track in them werc the first to be |
coated with rock dust, and the spplication formerly wos begun at the 1

arift mouth or the shaft bottom and progressed inbye. Present-day high-
pressure machines are capable of dusting trackless entrics as well as {
regular haulage cntries. , L
]

Fixed-nozzlc machines proceed along the entry slowly against the
air current so that the dust will be blown away from the opecrators.
Generally the machine is stopped under high places in the roof to allow
the dust to reach the high surfaces. Machines with flexible nozzles
may be stopped under high roof and opposite crosscuts so that the dust
stream may be directed at the surfaces cf these openingses

In most up-to-date mines all entries now are rock-dusted before the
track is removede A large percentage of rock-dusted mines apply a thick
coat of rock dust before the track is removed, and this may remin effect-
ive for several years, Frequently & to 10 pounds of dust per linear™
foot of entry is applied in coal 5 to 7 feet high in entries 12 to 16
feet wide. Samples collected Y and 5 years later have shown the incom-
bustible content in such trackless cntries to be above the lower recom
mended limite. It should be emphasized, however, that mines where this
condition was observed usc water freely at face regions for allaying coal
dust raised into the air during mining operations. Generally, the applice-
tion of rock dust on haulage roads is approximatcly 3 pounds per linear
foot, ranging from 1-1/2 to 6~l/2 pounds per lincar foot of entry.

Many mines had miles of entry in which there was no track when rocke
dusting was initiated. At first these entries were protected only with
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rock-dust barriers, but it soon becaie evident that all open areas should
be rock-dusted thoroughly. A few companies had these entries rock-dusted
by hand. This proved a slow and erxpensive process and other methods were
triede One coal company had the traclhless entries swept with brooms.
Openings were then made in stoppings and a steel door was placed on each
side of the opening. 4 short length of hose was carried through the
opening to the entry beyond and, with the rock-dust distributor on the
haulage track, dust was blowm through the hose. Dust was applied to the
surface near the end of the hose and then discharged into the air, wvhich
carried and deposited it along the trackless enfriese. Althoush some dust
was carried for considerable distances, the distribuiion was not entirely
satisfactory. The need for better distribution was met by manufacturers
who developed the high-pressure mrchine capable of blowing dust through
500 to 800 feet of flexible hoses

Methods of making openings in stoppings for the hose vary, but in
general pipes 4 to 6 inches in diameter are built into the stopping.
Tach ond is threaded and a cap is screwed over one end. The hose 1s drawn
through the pipc, and the ribs, roof, and floor of the trackless cntries
arc coated with rock dust viren necessary.

Recently, in dusting trackless entries in a relatively small mine,
20-pound (per yard) rails were laid in the entries, using steel ties,
and a low-pressure rock-dusting mnchine drawn by a storage-battery loco-
motive was used to rock-dust these eatries thoroughly. his method, however,
is costly and would not be feasible in many mines owing to falls in return
ajirways and trackless entries.

While it is desirable from a safety and health standpoint to pull
the rock—dust distributor against thc air current, it is not always
possible to do so because the air travels in on one or more entries and
out on parallel entry or entries; consequently, it is nccessary to pull
the machine in the direction of the air or to turn the distributor around.
In some mines this is done by uweing a "Y" in the track., Scveral mines
have provided rigid couplings and push the rachine.

Rooms generally are not rock-dusted, out a few mining companies ro-
gquire rooms to be dusted by hand after each cut of coal has been loaded

. outs EBach vorking place is provided with a sack of rock dust, and after

cleaning up a cut of coal, miners are required to throw the dust onto the
ribs and roof by hand., In a few mines, the advance development in rooms
is rock-dusted by machine once each week.

Hand-dusting is not as efficient as machine dusting. Frequently the
quantity applied by hand is much less than thet applied by machine and
the cost of application is considerably higher. The dust thrown by hand
generally is not as well distributed and does not adhere as well as dus?t
applied by machine; moreover, the force of the air-dust stream often re-
movesg and mixes the dust on the ribs with the rock dust,

1239 - 11 -




R. I. 3465

The application of noncombustible dust at the face to guard against
dust ignitions is not practicable during the cutting and loading of coal,
but dust raised during mining operations may be allayed through judicious
application of water at the coal face. HMethods of allaying coal dust in
mines are discussed in a paper by D. Harrington.

A few mines have used calcium chloride along the floor, especially
along manways where mules and horses travel dailys. The hygroscepic
property of the salt tends to moisten the dust and prevent rapid retro-
gression of the rock-dusting. One mine in Colorado applies natural salt
water to road beds to help allay duste Several companies in the eastern
and also far western part of the United Statcs "sprinkle® or wet the road
beds at intervals to prevent dust from being raised into the air.

Some mining companies endeavor to maintain compact roadways by
frequently clcaning up the coal that falls from tops of loaded coal cars
durirg transportation and by subsequently watering such roadways. . Where
coal is gathered from producing entries by animals, lerge quantities of
dust are formed and thrown into the air by the animals stepping on and
pulverizing the coal that spills along the roadways., This situation pre~
sents a serious problem, especially in mines where watering is not done
to allay dust in face regzions or where water is not used to wet such
roadwayse. . Generally, the best practice is to clean roadways and apply
rock dust. Some mining companies ballast such roadways with ashes or
other inert material to assist in maintaining enough incombustible matter
on them to prevent propagation of an explosion.

QUANTITY OF ROCK DUST USED

The quantity of rock dust that mist be used for initial dusting for
any particular stretch of passageway depends on several factors, such as
(1) character of coal, (2) size of particles of coal dust, (3) percentage
of inert matter naturally present, and (Y) quantity of road and rib dust
before rock-dusting.

The quantity of rock dust that must be used for redusting is determined
by sampling at regular intervals along passagowayse Analysis of samples
will indicatc whether a2dditional rock-dusting should be done and whether
cleaning up 1s nccessary before redusting. Frequency of rodusting will
depend on the number and cxtont of the dust-producing and disseminating
processes in the mine, including spilling along haulageways and the
amount of float dust deposited on the haulageway surfaces and in the air-
wayse. Sprinkling of loaded trips climinatcs much of the coal-dust deposit
along haulageways, and sprinkling at facc regions and use of water on
mining machines, mechanical loaders, and conveyors oliminates much of the
float-dust deposit in rooms as well as in haulage and aircoursc entries.

According to table 2, thc guantity of rock dust actually used in
mines of the United States over a 7~yecar period averaged about 0.9 pound
per ton of coal mined in rock-dusted mines. The average use of this small
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amount of rock dust bears out previcus statements that mines are not
being rock-dusted adequately. ZRecent investigation of a number of
individual rock-dusted mines in various parts of the country revealed
that as mich as 4.5 pounds of rock dust per ton of coal mined have been
used by certain mines for 1 year.

The quantity of rock dust necessary per linear foot of entry depends
on the cross-sectional area of the entry. In the investigation referred
to, it was found that 3.5 pounds of rock dust per linear foot was being
used in one mine with entries 55 feet in cross—-sectional area; while
another mine, with an entry area of 72 fect, was using 6.9 pounds per
linear foot of entry,.

ROCX-DUST BARRIERS

Roclk~dust barriers have been rccommended by the Burcau of Mines as
a secondary means of defensc and not as a substitute for general rock-
dusting. Before development of a machine for coating trackless entries,
barriers werc fairly generally thought to be necessary, especially at the
entrances to pancls and side entries.

Concentrated typcs of barricrs have been rccommended by the Burcau
of Mines, but foew if any arc used in commercial mines. V-trough barriers
were adopted to some extent shortly after lDEH‘but generally were placed
in little~traveled parts of the mine, and the absorption of moisturc
caused the rock dust to cake or even to become soaked with moisture, and
dispersion in event of an explosion was doubtful in some cages and impos-
sible in otherss Material spalling from the ribs frequently fouled the
cnd of the troughs, and fallen roof often was found on top of the barriers.
When practical and economical rock-dusting of open areas was devcloped,
most of the mining companies abandoned the usc of barriors.

At present a company in Washington, one in Utah, and a mine in
Illinois have a new V-trough barrier, and a few are to be found in mines
in West Virginia and other coal-mining States.

A barrier using rock dust in bags was developed and installed recently
by a large coal-mining company in Illinois. Details of the barrier are
given in Bureau of Mines Report of Investigations 3411 (1938), "Tests of
a Barrier Using Rock Dust in Paper Bags.!

The attitude taken by most of the large coal-mining companies is
that the barriers may become ineffective at any time, due to falls of
roof or rib, and no longer afford protection; consequently rock-dusting
of open areas is held to be the most effective practice at the present
timee
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Re I, 324.65'
SAMPLING

Samples are not collected in most rock-dusted mines vnless the
State laws require it. On the other hand a few large progressive come
panies collect samples reznlarly

he Bureau of Mines has been largely instrumental in initiating
rock-dusting in the United States and has glven instructions for sampling
in mines to determine the effectiveness of the rock dust. An effort
should be made to obtain frue average conditions, no dust should be
taken from recesses in the rids such ‘as hitches, from places where rocit~
dusting machines have been filled, nor from those where the machine has
discharged for a long time in one spot.

Some companies ostablish sampling stations and placc boards painted
with the station number on the rid on the haulage entries. Samples are
collocted on parallel entries at points approximatoly opposite the
sampling stations [he statiors usually are placed at definite intervals
of 500, 1,007, or 1,500 fects The stations frequently are placed just
outby switches, at thc bottom of dips, and at other points where spilled
coal quickly lowers the incombustible content of the dust on the surround-
ing surfacess Mining corpanies do not sample in producing rooms or
chambers to any appreciable extent; it is the exception rather than the
rules

Samples are collected at various intervals based on knowledge of
conditionss Places near faces mined mechanically, at shaft bottoms,
and similar points may be sampled every 2 weeks. Henlage roads are
sampled every month, every 2 months, or every 3 months, wherecas trackless
entries are likely to be sampled only once or twice a year. Occasionally
the points of sampling are selected by thc foremen or by the safety
engineer after a pL011M¢nary visual inspection of the dust condition of
the mine surfaces

Retrogression of rock dust in trackless entrics in most instances
is considerably less than on haulage roads, but where mechanical loading
is employed the cxcess dust is very likely to be curried into the return
airways and the rock dust contaminatede In one mine, 2 weeks after
dusting a trackless entry near coal faces where rechanical loaders were
operating, the whitec rock dust was virtually hidcen by black coal dust.
Special cases like these require a change in the regular sampling intervals.

Virtually all samnling consists of brushing all loose dust from the
surface samplod to a width of 6 inches or 2 multiple of this width.
Whero the dust is docp, the sample is taken only from the top inche. If
consideiable sand has accumulated at or near tho rail, care is takon not
to include the sand or to overbalance the sample with a preponderance of
sand.
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Two types of sampling kits are available. One consists of a wedge—
shaped scoop, the top of which contains a 10-mesh screene The dust is
sifted through to the interior of the scoop; the oversize is rejected;
the minus~10~inch material is drawn off throvgh an opening about 1 inch
square at the back of the scoop, which is 6 inches wides A 2~ or 3-inch
paint brush will dislodge all loose dust and brush it into the scoop
satisfactorily.

Another kit consists of a 2~ or Y-inch paint brush, a 6-inch scoop,
and a telescopic box about & inches wquare and 3 inches deep. The smaller
section has a 10-mesh screen in the bottom. The dust is sifted through
this screens The minus~10-mesh material uswally is placed in cardboard
containers of suitable size., If the sample contains more dust than can
be placed in the container, the dust is mixed thoroughly and quartered
according to standard sampling practice.

Entries containing tlnber or steol crosstars are sampled by orushing
the dust from the timbers and crossbars; the very fine dust lodged here
is important, as it ies most likely to be thrown into suspension by an
explosion. '

The amount of roof dust is considerably less than that from the ribs
and road; consequently, the rib and roof cust generally is included in _
one sample and the road dust in another. Some coal companies require the
collection of a complete "round" or peripheral sample, and in Pennsylvania,
where the mining law requires that "a ropresentative sample of dust" be
"gathered at each sampling point from the roof, sides, and floor®, a
peripheral sample usually is collected, based on a gtrlct 1nterpretatlon
of the lawe That a truc picture of dust conditions is not given by a
peripheral sample is indicated by tablc 4,

TABLE L4, - Unweighted arithmetical average
of rib roof and road dust

Sample Percent incombustible matter
Rib and roof dustesessesss | 93 | 95 92 &7
Road dustececcsccasscnsase 32 67 u9 Bu
Arithmetical averageesesse | 62 gL 71 61
Peripheralesveceseeseecses | U3 ! 62 50 %3

The unweighted arithmetical average shows the average of the rib—,
roof-, and road-dust samples if the same weight of material were collected
in each samples This is not the true average, but would be the average
if the peripheral samnlcs werc taken to an equal depth from the ribs,
roof, and road. In the. first group, the road dust contains about a third
as much incombustible matter as the rib- and roof-dust sample, and the
unweighted average is 62 percent; however, the peripheral sample contains
U} porcent, showing that more road dust than rib and roof dust had been
collecteds Actually, the sampler collected a thin coating from the road
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dust, so that the incombustible matter approaches the unweightod average
more closely than any other peripheral sampless The amount of dust in
the average road-dust sample is about 10 to 15 times as much as in the
average roof= and rib-dust sample. The gffect of such large quantities
of road dust on the peripheral samples 1s shown in the tabulation, the
road-dust and periplieral samples agreeing relatively closely. r"herefore,
it can be seen readily that a peripheral sample docs not give a true
indicaticn of the condition of the rochk=dusted surfaces, and to determine

the true condition, 1oof and rib dust should be sampled scparately from
the road duste. :

In making an explosion-hazard examination, the Federal Burcau of
Mines collects representative samples of dust at carefully selected
locations. The road dust is sampled scparately from the rib and roof
dust, and all of the dust in each. sample is scnt to the coal laboratory
for analysise. Whera no rock dust has becen applied, a proximate analysis
is made; and in samples from rock-dusted areas, moisture, incombustible
matter, and carbon dioxide arc reported. The weight and size of dust
in cach sample is rccorded go that a weighted average of incombustible
matter may be caleculated fiom the roof-, rib-, and road-dust samples at
cach sampling point. The degrez of hazard then may be estimated from the
sizc of the dust and from the combustiblec matter present.

Field samples are taken to a laboratory or to a sampling room at
the mine and rescreened throubn a 20-mesh sieves Wet or moist dust in
the mine often makes secreening difficult with a 20-mesh sieve., Wet
‘material collected is air-dried before Tinal samplirge The incombustible
content is determined with the volumeter in nest instances, although
calcination ic used by a few companies, in vhich case scparate detormina-
“tion of CO0p is necessary if the real condition is to be ascertained.

Practice of reporting results of sampling varics aceording to State
laws or company regulations. At come mines the safoty engincer collects
and analyzes samples or supervises these operations; he then determines
wherc redusting is requireds In Pennsylvania a spocial book is provided
by the State, end results must be entered and countersigned as required
for fire bogsses and mine foremen. '

The best practice, followed by many of the largoer companies, is to
make a pemmancnt record in a bound book and to scnd copies of the results
to the supcrintendent, mine foreman, and safety engincer. This procedure
provides a triple check on the cxisting status as %0 dust and insurcs
that required action will be taken to corrcct substendard conditions.

TYPICAL ROCE-DUSTED MINE

The Burcau of Mines recommends what are counsidercd ideal conditions
for rock-dusting coal mines, but no onc mine follow

One minc, considered to be 100-percent rock—dusted by the Pernsylvania

Department of Mines, prcocnt" a typiecal oxample of what the industry
considers to be full protcction by rock dust
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Entries are cleaned of combustible material before rock-dusting is
begune In rooms, waste material is gobbed on one side, but the oppesite
side of the track is kept free from excess dust and lumps. Several
mining mechines are equipped with tanks tc hold water to be applied on
the cutter bars during cutiing of coal.

Back entries are swept with brocms before they are dusted for the
first time by blowing dust into the air at break-throughs, allowing dus?
to be carried by the air stream, ' :

Haulage entries and rooms in this mine wvere rock-dusted by a rock-
dusting machine in 1924 and 1925. Dust was dlown into the main air
courses, but it was thought that not enough dust wag deposited on roof
and ribs to give full protection, In December 137 a high-pressure rocke
dusting machine was purchased and dusting of trackless entries was begun.

Limestone dust is purchased with a guarantee of 98 percent calcium
carbonate and a fincness of 85 porcent through 200-moshe The dust is
delivercd in paper bags containing 80 pounds ocach.

The rock-dusting crew consists of two men, one of whom is a certified
fire bosse He enters a working place and males an examination for gas
beforc the rock-dusting machine entcrse. The two rock—-dusting machines
in use at the mine arc permissible, but the management does not wish to
take unnecessary risks, and this is cxcellent safety procedurc.

The crew applics dust about 3 days per weck. Average coverage of
surfacé with rock dust for onc 7=hour shift is 350 feot of trackless entry
and 6,600 feet on haulage roads. This also includes rcoms, which are
dusted by machine. Xo hand-dusting is done at this mine. Some sections
of the roadway are wet, but these sections are rock-dusted wvhen the rest
of the area is dusted,

The main air courses were rock-dusted with a high-pressure distributor
about 2 years ago and still are well coated. A O-inch pipe line has been
laid on the bottom of the road bed since the application was finished,.
but about j/u inch of air-torne coal dust has settled on the pipe.

Perhaps the extensive application of rock dust helps to offset any air-
borne coal dust in these ertries.

The mine foreman is charged with designating points to be sampled.
An engineer collects the somples and determines the incombustible contonte.
About 10 samples are collected each week.

The results are noted in the special book provided by the State, and
a report is made direct to the superintendent, with a2 copy each to the
general superintendent and the safety engineer., The mine foreman is
required to countersign the record book.

1233 - 17 =
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A sample of the reco:rd in the book, selected at random, is given in
tables 5 and 6.

Samples were collected on all parallel entries approximtely opposite
one another; peripheral samples were taken, hence the same analyses for
bottom, roof, and ribs in each sarple.

The rcport on barriees shows the condition of each to be good. The
State law allows substitution of rock-dusting for barriers, and at present
virtually all barriers have been abandcned in favor of rock-dusting in
the trackless entries. '

Data are not available on the application of rock dust on a basis
of pounds per linear foot; however, during the calendar ydar 1938, 4Lk
tons of limestone dust was applied, the equivalent of 1436 pounds of dust
per ton of coal mined. The total cost for labor and waterials was less
than 1 cent per ton for rock-dusting during 1938,

COST OF ROCK~DUSTING

To a large extent, the cost of rock-dusting depends on the quantity
of dust used per lincar foot of cntry or per ton of coal mined. For com-
parative purposes, the cost o) rock—dusting per ton of cozl mined probably
is the most equitablc hacis,

The cost of rock-dusting in 27 widely scatiered mincs is shown in
table 7. Most of these are large mines and their rock-dusting progran
is more consistent than that of the average rock-dusted mine. Thercfore,
these cost figurcs do not renresent the cost of roch-dusting in the
average mine in the United States, but represent the cost in mines that
are morc concorned wlith safety than is the average mince

The cost of rock-dusting racnges from $0.0019 %o $0.01ed (an average
of $0.0083) per ton of coal minods The cost per linecar foot of entry
ranges fron $0.0110 to $0.0417 (an average of $0.0229 per foot).

Not a great mony data arc available concerning cost of hand dusting.
However, oozt data from onc mine on the hand dusting of 1,015 fect of
6~ by 10~-foot entry show that the cost of applying &.1 pounds of dust
per linear foot of entry wes $0.0467. At 2nother ming the cost of applying
by hand 4.1 pounds of dust per linear foot was $0.0326. -

_ The cost per linear foot of applying 3.4 pounds of roclk dust in
trackless entries with a high-pressure dust distributor through a Yeinch
hose is reported by another company as $0.0326,

7239 -~ 18 -
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TABLE 5, - Record of rock dust analyses
_ By whom Date Percent of incombustibdle
Date collected Heading and location : analyzed Bo¥tom Roof Sides
a/1/38 J.H.T, # east at 7380 9/1/38 g6 26 g6
#5 east at 7350 9/1/38 70 70 70
#6 east at 7325 9/1/38 66 66 66
7 east at 7310 9/1/38 BU o Bl
#1 north at 500 9/1/38 65 65 23
#2 nortk at 515 9/1/3% i 63
#3 north at 490 9/1/38 72 72 72
#i north at 495 9/1/38 43 86 g6
#5 north at 525 9/1/3¢ 70 70 70
#6 north at 510 9/1/38 72 72 72
1 #7 north at 530 9/1/38 60 60 60
9/8/38 JeH.Te #1 entry, 1 south at L0 9/8/38 60 5] 60
#1 entry, 1 south at 2040 9/8/38 78 78 78
#1 entry, 1 south at 4000 9/8/38 80 &0 g0
#2 entry, 1 south at 40 9/8/38 80 g0 g0
#2 entry, 1 south at 2000 9/8/38 g8 g% g8
#2 entry, 1 south at 4clo 9/8/38 76 76 76
#3 entry, 1 south at 40 9/8/38 70 70 70
#3 entry, 1 south at 2040 9/8/38 58 58 hg
#3 eniry, 1 south at 4100 5/8/38 76 76 76
#ﬁ entry, 1 south at 40 9/8/38 g2 g2 g2
#4 entry, 1 south at 2000 9/8/38 85 g5 . g5
7239 - 19 -
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TABLE 6. - Record of condition of rock-dust barriers

Date ine- By whom o A Condition ef barrier:
spected  inspected Location of barrier | Dust Frame Mechani sm
9/15/38 R.E.J. #i entry of 2 south| Good Good Good
9/15/38 $0 entry of 2 south| Good Good - Good
9/15/38 #2 in 5 east Good | Good Good
9/15/38 #g in 6 east Good | Good Good
9/15/38 : #l in 7 cast Good | Good Good

TABLE 7. = Cost of rockedusting in 27 widely
scattered mines

Cost Area Rock dust

Per ton Per lin- of used per
of coal ear foot entries, linear ft.of
Mine State mined of entry sq.. fte entry ,pounds
A West Virginia $0.0080 $0.0275 72 6425
B doe 0184 - - 3¢5
c dos 0150 - - 2.5
D doe . «00%0 - ~- 1.2
E do +0065 0174 96 -
F Pennsylvania 0086 - - 1.3
G do. « 0080 - - 7ol
B doe 0170 - g ﬁ.s
1 doe «0071 0131 72 1.9
J doe L0134 20220 72 6.9
K dos 0165 .028¢ 2 -
L doe «009H .0181 55 3453
M do. «ON19 +0110 75 -
Av., 7 B
mines Utah ~ +0090 - - 1.0
Av,. )'" ; '
mines Illinois 00U - - -
N Wyoming .0040 0250 96 3.5
0 New Merico «0031 - - o1
P Washington - OW7 U 2.5
Q doe - 0250 54 2.5
Average - «0089 0229 - 25

AVAILABILITY OF MATERIAL FOR ROCK-DUSTING

As general use of limestone or gypsum in rock-dusting coal mines de-
rends to some extent on the cost, and the cost in turn depends chiefly on
transportation, a survey was made some years ago by the Bureau of Mines of
sources of these materizls close to coal mines or on railway lines that
would provide, at low freight rates, ready access to coal fields. The
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result of this survey has been published&/ with maps of the coal fields
of the United States showing locations of quarries and giving names and
addresses of compan¢es operating quarrlps. The survey shows that lime-
stone or gypsum 'is rendily accessible to 211 the coal ficlds of the

country;. suitable rock~dusting material is more readily available today

I’than when this survey was mades

INSTANCES WHERE ROCK DUST IS BELIEVED
TO HAVE STOPPED OR LIMITED EXPIOSIONS

.Notwithstanding the inadequacy of rocke-dusting in most of the mines
of the United States, numerous instances are on record indicating the
well-founded basis of the claims regarding the effectiveness of rock dust
in- stopping the propaﬁatlon of explosions.

Bureau of Mines records during the past 9 years show that in 60
rock-dusted mines where explosions occurred rock dust is credited with

-stopping or limiting the explosions in o6 of them. In several instances

the element of luck unguestionably was prescent, in that the explosion

" happened to occur in one of the few sections of the mine where rock—dustln?

had been donee. No accurate figure is available on the number of lives
saved in these 26 explosions, but it is almost certain that several hundred
were. saved and much property damapc avoided becausce of the rock dust used
1n these nines.

CONCLUSIONS
1. Although the nunber of mines using rock dvst is increasing and
more rock dust is being used, rock-dusting nracticcs in the United States

fall far short of giving absolute protection against coal-dust explosionse

2. State laws regulating the safety of mines are, in general, entirely.
inadequate with respect to roclk-dusting.

3+ The Bureau of Mires recommends that all coal mines except anthra-
clte be rock-dusted in every part and that rocl—dust barriers be used as
a secondary precaution but not in liecu of general rock-dusting.

4, Machinery for distrituting rock dust, as well as analytical equip-

-ment for inspection purposes, has reached a fairly advanced stage of

development.

5« .Limestone or gypsum is readily accessible to all coal fields of

the United States, and this material can be delivered to the mines for
‘rockﬁ&usting purposes at & reasonzble costs

' 4f Bowles, Oliver Sources of Limegtone, Gypsum, and Anhydrlte for

Dusting Coal Mlnes to Prevent EKD3051ons: Bureau of Mines Bull. 247,
1925, 70 pp.
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6. The average cost of rock-dusting in 27 mines where the practice

is considered good amounts to $0.0089 per ton of coal mined or $0.0229
ner linear foot of entry.

7+ During the past 9 years rock dus t is credited with having stopped
or limited explosions in 26 of 60 partly rock~dusted mines and thereby
unquestionably saved the lives of several hundred persons.

Although the Bureau of Mines has advocated the use of rock dust as
a preventive of widespread explosions since its establishment in 1910,
comparatively few mincs in the United States today are adequately rocl-
dusted. Of the country's approximately 6,000 bituminous~ and lignitic-coal
mines, probably fewer than 100 are adequately rock-dusted. This situation
exists because State laws requiring protection of lifo agninst explosions
are inadequate and the coal operator is inclined to take chances in the

hope that he will not have the misfortunc to suffer an explosion in his
mine.

The cost of rock-dusting is by no means prohibitive when the value
of the protection it affords is taken into consideration, and unquestionably
rock-dusting of coal mines of the United States should be .more universal
than it is at pregent.
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